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Sustainable resource use of common bream and roach catch 
from reduction fishing in Östergötland 

 
MALIN SVENSSON 
 
Svensson, M., 2014: Sustainable resource use of common bream and roach catch from reduction fishing in 
Östergötland. Master thesis in Sustainable Development at Uppsala University, No. 192, 38 pp, 30 ECTS/hp 
 
Abstract: Nutrient inflows from anthropogenic sources into water systems are causing eutrophication, algal 
blooms and trophic changes in Swedish lakes and seas. The European water framework directive was 
implemented to regulate member countries' policies to achieve a good status in surface waters. Reduction fishing 
has shown to be an effective lake restoration tool involving removal of large quantities of planktivorous fish, 
decreasing the internal nutrient loads and recovering the lake status. The Administrative board of Östergötland 
(Länsstyrelsen Östergötland) started this project with the aims to find out how to dispose of the fish from 
reduction fishing projects in a sustainable way in the county of Östergötland. With analysis of secondary lake 
data, the study also aims to highlight the ecological and chemical status in five of the county's most eutrophic 
lakes: Asplången, Värnässjön, Svinstadsjön, Nimmern and Hällerstadsjön. The amount of predicted catch during 
a reduction project, for each lake with the corresponding amount of phosphorus (P) and nitrogen (N) removal, 
was calculated based on lake area and reduction fishing guidelines. To find out the prospects and possibilities for 
a sustainable catch disposal, literature review, interviews and communication with possible stakeholders in the 
area were conducted and analysed in a SWOT-analysis (Strengths, Weaknesses, Opportunities, Threats) as well 
as for three sustainability criteria based on the Swedish waste regulation. The results showed that the ecological 
status is ranging from bad to moderate in the five studied lakes and that approximately 162 - 218 tonnes of fish 
could be removed which corresponds to a reduction of P by ca. 1.1 - 1.5 tonnes and N by ca. 4.4 - 5.9. Four 
possible disposal methods were determined: the use of bream and roach as food for humans, for animal feed, for 
production of biogas and waste disposal by incineration. Roach and bream for human consumption showed to be 
a possible option despite a huge resistance in acceptance of roach and bream as edible fishes. Fish as feed was 
also possible if used as bait for fishing. Biogas production from fish worked well at the local biogas plant as long 
as the fish was prepared in the right way. Incineration could work as an easy way to dispose off the fish. The 
SWOT-analysis showed most strengths and possibilities for the biogas option, whereas the food alternative had 
more weaknesses and threats. However, due to waste management regulations, the use of roach and bream as 
food or animal feed were the more sustainable options. 
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Östergötland. Master thesis in Sustainable Development at Uppsala University, No. 192, 38 pp, 30 ECTS/hp 
 
Summary: Inflow of nutrients to inland lakes due to human activities can cause algal blooms that have effects 
on water resource and recreational use of lakes. Nutrients such as phosphorus (P), and nitrogen (N), in lakes go 
downstream and eventually end up in the seas where it cause algal blooms and oxygen free environments. One 
lake restoration method used to reduce the problems with algal growth is reduction fishing where removal of 
large quantities of rough fish, such as roach and common bream, alters the dynamics of the ecosystem with 
decreased nutrient levels and algal growth as a result. The management of the catch is often a major issue, 
whereas it often consists of tonnes of fish not used for human consumption. Reduction fishing is a fairly new 
restoration method in Sweden, but has been tried out in various lakes. The Administrative board of Östergötland 
(Länsstyrelsen Östergötland) started this project which aims to find out how to dispose of large amounts of fish 
in an environmental, societal and economical sustainable way in the county of Östergötland. The study also aims 
to find the ecological status and the amount of fish that must be removed in five lakes in Östergötland as well as 
prospects and possibilities for usable disposal methods in the county. The results from the study are based on 
secondary lake data calculations, literature reviews, interviews and communication with possible stakeholders in 
Östergötland. The results are analysed in a business management tool and for sustainability criteria based on 
European Union and Swedish waste management regulation. The four fish disposal methods studied were as 
food for humans, for animal feed, for production of biogas and waste disposal by incineration. The results 
showed that the ecological status is ranging from bad to moderate in the five studied lakes and that 
approximately 162 - 218 tonnes of fish could be removed. The removed fish corresponds to a reduction of the 
nutrient phosphorus by ca. 1.1 - 1.5 tonnes and the nutrient nitrogen by ca. 4.4 - 5.9 tonnes. To use the catch for 
food production showed to be a possible option, although a huge resistance towards roach and bream as edible, 
cause a low demand for it. Fish as feed was also possible if used as bait for fishing. To make biogas from fish 
showed to work fine at the local biogas plant as long as the fish was prepared in the right way. Incineration could 
work as an easy way to dispose of the fish. The business management analysis showed that the biogas would be 
the most suitable option with the present market forces. However, the use of roach and bream as food or animal 
feed was the more sustainable options due to European union and Swedish waste management regulations.  
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1. Introduction  
Algal blooms in inland lakes in Sweden is both a recreational and an ecological problem. 
Extensive agriculture activity surrounding the lakes and input of untreated waste water have 
during decades contributed to inflow of nutrients into the lakes, and leading to extensive algal 
blooms (Länsstyrelsen Östergötland, 2014). The European water framework directive was set 
to improve the water status in all surface waters in the EU (European Community, 2000). 
Current national and local environmental goals strive to reduce the amount of nutrient loads, 
both in lakes and rivers as well as into the Baltic Sea. The County Administrate Board of 
Östergötland (Länsstyrelsen Östergötland), is a governmental agency working to coordinate 
the Swedish government's goals in Östergötland. The County works to incorporate the 
European water directives and the Swedish environmental objectives to improve upon the 
existing environmental conditions in this region. Reduction of nutrients, phosphorus (P) and 
nitrogen (N) in inland lakes through biomanipulation, where large amounts of less desirable 
fish species are removed, is a conservation method performed in a few lakes in Sweden 
(Tengelin, 2013a). Reduction of fish has been tried out in some lakes in Östergötland as well, 
as an attempt to reduce the biomass of algae, and thereby decrease the degree of algal blooms 
(Länsstyrelsen Östergötland, 2014a). The catch from such fishing expeditions in the lakes 
contains large amounts of Cyprinid fish that needs to be disposed off since they are not 
consumed. Present fishing activities in the Östergötland lakes is lead by Länsstyrelsen, but has 
no structured management plan for fishing or huge amount that remains unconsumed. In order 
to find the most sustainable management of fishing in Östergötland lakes, this project was 
started to review the current fishing policies, imposition of cut-offs and regulations, and 
possibilities of reduction fishing and handling of the catch in the county.   
 
1.1. Goals and objectives  
The overall aim of this project is to find out what prospects and possibilities are there for a 
sustainable resource management of the catch of ´rough fish´ namely roach (Rutilus rutilus) 
and common bream (Abramis brama) from biomanipulation projects in Östergötland.  
On behalf of the Länsstyrelsen in Östergötland, this report also aims to illustrate: 
 

• an estimation on the potential catch of ´rough fish´ in five of the most eutrophic lakes 
and how much phosphorus and nitrogen can be removed.  

• description, analysis and comparison of the sustainability aspects of different ways to 
dispose off excess fish and the possibilities for their use in Östergötland.  

 

2. Background 
 
2.1. Sustainable development  
The human impact on Earth's systems are increasing while the resources needed for human 
survival are diminishing (United Nations, 2012). The human civilization has put a high 
pressure on the ecosystems worldwide as we experience climate change, economic crisis and 
an imbalance in our environment (World bank, 2014). Sustainable development strives for 
and assumes a long term, holistic approach (Nationalencyclopedien, 2014b). Based on the 
Brundtland Commission (1987) sustainable development should be implemented with the 
goal to increase the global well-being, without risking a decline for the future generations. 
The Brundtland commission was the start of an international network for sustainable 
development practices, and set the foundation for work by the United Nations focused on 
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global action for sustainable development such as: Agenda 21 in 1992, the Millennium 
Development Goals in 2000, a global commitment to sustainable developments and equity in 
the Johannesburg Declaration on Sustainable Development 2002 and later the Rio+20 
outcome document 'The Future We Want' in 2012 (United Nations, 2013).  
 
Sustainable development is based on three principles driving a thriving community: 
Environment, Economy and Society (Fig. 1.) where neither can be neglected to achieve a 
balanced and sustainable system. The societal aspect of sustainability deals with the basic 
human needs. The economic aspect deals with material resources and means of living whereas 
the environmental aspect deals with ecological systems and its resilience (Parkin et al., 2003). 
However, to evaluate sustainability is difficult since tools for sustainability analysis is not 
determined. The three principles: environment, society and economy can act as a framework 
to find a holistic approach to a system or problem. All separate parts with its corresponding 
goals must be fulfilled to reach sustainability. However, sustainable development does not 
answer specific questions, it rather creates a dialogue between environmental, social and 
economical aspects (Nationalencyclopedien, 2014b).  
 

 
Fig. 1. One interpretation of Sustainable development with its three ground principles (after Parkin et al. 2003). 

 
The work for sustainable development is implemented within the European Union based on 
the communication 'A Sustainable Europe for a Better World: A European Union Strategy for 
Sustainable Development’ (COM(2001) 264). The communication states that all member 
states have to set national strategies for sustainability and progress reports. The Swedish 
government strives for sustainable development and introduced the Government 
Communication on strategic challenges for sustainable development (Skr. 2005/06:126.) in 
2005. The communication must foster development that leads towards a healthy environment 
for present and future generations. Today, the Swedish government focuses their 
sustainability efforts on urban development, sustainable use of power and water supplies, 
sustainable agriculture, sustainable fishery and ecosystem services (Miljödepartementet, 
2014). Although work on sustainable development practices has been implemented in many 
parts around the world, exploitation of resources are still an ongoing problem. About 80 
percent of the global fish stocks are fully or over–exploited, and are at risk of continuing 
overfishing practices (FAO, 2010) and Rockström et al. (2009) describes 'Interference with 
the Global Phosphorus and Nitrogen Cycles' as one of the nine vital planetary systems heavily 
affected by human practices. The present phosphorus (P) inflow into the oceans is described 
to exceed the natural weathering rate, likewise Nitrogen (N) used as fertilizer in food 
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production eventually finds its way into ground and surface waters causing ecological 
changes in aquatic systems (Rockström et al., 2009). 
 
2.2. Water legislation  
In year 2000, the European commission introduced a directive to ensure healthy water 
environments in the European Union. The European water framework directive was set to 
achieve a good status for ground and surface waters, including rivers, seas, lakes and basins, 
and a sustainable long term usage of water and nature among the European Union member 
countries. The directives are legally binding and its main goal is to promote and reach a 
healthy ecological and chemical status in all European water bodies by 2015. The measure 
'Good status' is enough to allow the water ecosystems to recover and deliver a viable 
environment and ecosystem services (European Community, 2000). Since Sweden is a part of 
the European community, the water framework directive has to be implemented by the 
Swedish government. The Water Information System Sweden, VISS, is a database that 
monitors the progress in Swedish water bodies. The system is based on acquisition and data 
measurements from all inland water bodies, groundwater and costal water bodies in Sweden. 
The database provides current information on water quality and its status, management and 
continuous reporting to the EU (VISS, 2014).  
 
The Helsinki Commission, also known as HELCOM, is an intergovernmental organisation 
that strives for a healthy Baltic Sea area with a good ecological status through collaboration 
between the member countries (HELCOM, 2013). HELCOM summarized the anthropogenic 
causes for the destruction of the Baltic sea environment where nutrient runoff from rivers and 
atmospheric pollutions were two out of 52 identified problems (HELCOM, 2011). Based on 
the directives of the Baltic Sea Action Plan (BSAP), the amount of pollutants into the Baltic 
Sea must decrease by 15 250 tonnes of phosphorus and 135 000 tonnes of nitrogen among the 
HELCOM countries by 2021 (Swedish Environmental Protection Agency, 2012). This 
corresponds to a reduction of 290 tonnes of phosphorus and 20 780 tonnes of nitrogen for 
Sweden, each year until 2021 (Havs-  och Vattenmyndigheten, 2012). Based on the 
Government Communication on Measures for a Living Sea, Sweden is estimated to contribute 
to the nutrient load in the Baltic Sea by ca. 42 900 tonnes of nitrogen and 460 tonnes of 
phosphorus each year. The reduction of external nutrient sources is directed towards the 
agriculture and the wastewater treatment (Skr. 2009/10:213).  
 
2.3. Environmental objectives in Sweden 
In order to reduce nutrient loading flows into the nearby waterbodies, the Swedish 
government has put up four important issues to be achieved (Naturvårdsverket, 2013):  
 

• The addition of nutrients into the seas by Sweden should be reduced as per the 
international guidelines. 

• The atmospheric fallout and agriculture should neither be harmful for the ecosystems 
nor lead to eutrophication. 

• All water bodies should have a good water status.  
• The seas must have good environmental status with respect to eutrophication.  

 
In 1999, the Swedish government set new directives for how to work with environmental 
issues. The proposition was the base of the 16 environmental objectives which lead the way 
for the Swedish environmental work (Miljödepartementet, 2012). Based on the Delegated 
regulation on management of the quality on water environment (SFS. 2004:660), two of the 
objectives, 'Zero eutrophication' and 'Flourishing lakes and streams', deal with issues 
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concerning inland water status. 'Zero eutrophication' sets the limits of nutrient inflow into the 
seas, reduction of atmospheric and agricultural pollution, and the status of nutrients in all 
water bodies.  The directive Zero eutrophication states that "the levels of substances that 
results in eutrophication in land and water should not have any negative impact on human 
health, conditions for biological diversity or the possibilities for an all around use of land and 
water" (Länsstyrelsen Östergötland, 2010). In 2013, the Swedish government stated that the 
environmental objective 'Zero eutrophication' will not be achieved in Swedish aquatic systems 
by year 2020 with the present regulations (Naturvårdsverket, 2013; Miljömålsportalen, 2014). 
The directive 'Flourishing lakes and streams' deals with ecological sustainability, biological 
diversity, cultural and recreational values and water-conserving abilities of the landscape 
(Länsstyrelsen Östergötland, 2010). The objective can not be achieved in 2020 with the 
present regulation, neither at national level nor in Östergötland (Naturvårdsverket, 2013; 
Miljömålsportalen, 2014).  
 
2.4. Eutrophication 
Eutrophication is a natural process that alters the ecological balance in a limnic system over 
time, in the direction towards higher concentrations of nutrients that drive primary 
productivity (Wetzel, 2001). Increased nutrient inflows of P and N into a lake has shown to 
increase eutrophication significantly, whereas P is a limiting nutrient for primary producers 
(Schindler, 1974). The main causes of P accumulation in inland lakes has been recognized to 
be external sources other than the atmosphere (Brönmark & Hansson, 2005), namely domestic 
detergents and agricultural activities in the catchment (Holtan et al., 1988). The anthropogenic 
P load in Sweden is from leaking agricultural land, point sources such as water treatment 
plants and leaking sediments from lake sediments (Naturvårdsverket, 2003). The 
eutrophication process includes high primary production, reduced Secchi depth (water 
transparency), sediment accumulating at the bottom of the lake and in some cases dead fish 
due to the reduced oxygen content (Brönmark & Hansson, 2005). However, the amount of 
planktivorous fish has shown to be higher in lakes with high amounts of P (Jeppesen et al., 
1997). A lake is regarded as eutrophic when the amount of total P (Tot-P) is more than 30 
µg/L of lake water and lakes with a Tot-P above 100 µg/L are regarded as hypereutrophic 
(Brönmark & Hansson, 2005). The total amount of N (Tot-N) in the lake is another guideline 
for conservation. A steady value of Tot-N, more than 1000 µg/L indicates a need for active 
intervention for reducing the nutrient level in a lake (Tengelin, 2013b).  

2.4.1. Internal phosphorus loading 
Phosphorus levels in a eutrophic lake increase with the depth and the concentration of P is 
often higher in bottom sediments. The stored P is exchanged between the lake sediment and 
the free water column in a process called internal loading that depends on biological, chemical 
and physical factors (Wetzel, 2001). For example high pH values cause the P to dissolve in 
water and leads to higher primary production that increase the pH further and more algal 
growth to occur (Brönmark & Hansson, 2005). Fish is yet another cause for resuspension of P 
as they hunt for bottom living invertebrates in sediments (Wetzel, 2001). The resuspension of 
P from lake sediments by benthivorous fish, such as roach and bream, in the eutrophic lake 
Finjasjön, Sweden, showed to have a significant positive effect on primary production 
(Persson, 1995).  

2.4.2. Problems with eutrophication  
A lake can provide ecosystem services such as clean drinking water, recreation and spray 
irrigation for agriculture, but extensive algal blooms are a factor that limits the usability of 
this water (Carvalho et al., 2013). The ecological changes that occur during eutrophication 
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may have severe implications for the recreational use of the lake such as fishing and bathing, 
as well as the drinking water supply (Brönmark & Hansson, 2005) due to more vegetation, 
algae, odour problems (Salameh & Harahsheh, 2011) and extensive growth of cyanobacteria 
also known as algal blooms (Chorus & Bartram, 1999). Algal blooms can also lead to health 
issues since some species of algae can be toxic to both humans and animals (Backer et al., 
2010). In fact, there has been several recordings of human and animal poisoning due to 
ingestion of cyanotoxins in water released during cyanobacterial blooms (Kuiper-Goodman et 
al., 1999). Eutrophication can cause composition shifts in the ecological system, for example 
less desirable fish species and more undesirable species leading to economical loss for 
fishermen. Moreover, increased costs for water treatment is another impact of eutrophic 
waters that are used for household or agricultural activities (Salameh & Harahsheh, 2011).  
 
2.5. Lake restoration and biomanipulation 
In some lakes with a Tot-P above 50 µg/L, intense actions are required to tackle the 
anthropogenic sources of eutrophication (Naturvårdsverket, 2003). Restoration of a lake is in 
some cases needed to meet the requirements from the Water directive framework of good 
ecological status of lake waters (Gołdyn et al., 2014). An eutrophicated lake can be restored to 
its normal ecological status through various conservation methods (Tengelin, 2013b). 
Dredging, reduction of biotoxins, decimation of vegetation and a raised lake water level are 
some drastic and expensive restoration methods that may lead to extensive altering of the 
lake’s surrounding and biota (Tengelin, 2013b). Energy efficient and cheap restoration 
methods such as the use of wind aerators, iron treatment and biomanipulation have a lower 
impact and can become sustainable (Gołdyn et al., 2014). Reduction fishing is a reasonably 
cost effective method to reduce the internal load of nutrient in particularly (Sandström, 2011). 
Projects that strive to reduce nutrient levels in Swedish lakes, such as reduction fishing, can 
also benefit from local water management allowance LOVA (Havs- och Vattenmyndigheten, 
2012). 

2.5.1. Theory of reduction fishing 
Biomanipulation is a restoration method that has shown to increase both the chemical and 
biological status of lakes (Meijer et al., 1999; Hansson et al., 1998). Biomanipulation is based 
on the theories of trophic cascade effects and food chains in freshwater systems proposed by 
Carpenter and Kitchell (1985). The trophic cascade theory means that a change in the 
structure of a trophic level in a food chain causes structural changes in other trophic levels 
further up or down in the chain. In a limnic system, these trophic levels are the piscivorous 
fish, planktivorous fish, zooplankton and phytoplankton (Carpenter et al., 2010). One way of 
changing the ecological structure of a lake through biomanipulation is to remove large 
amounts of planktivorous and benthivorous fish, often from the Cyprinid family, that affects 
the food-chain by a series of positive feedbacks (Hansson et al., 1998). Planktivorous and 
benthivorous fish have a strong role in eutrophic lakes ecosystem, whereby abundance of 
Cyprinid fish increase with an increase in Tot-P levels (Jeppesen et al., 2000). A  trophic 
cascade occurs when elimination of zooplanktivorous fish in a limnic system leads to the 
abundance of large zooplankton, and decrease in the amount of phytoplankton, for example 
cyanobacteria, through grazing (Carpenter & Kitchell, 1988). Common bream (Abramis 
brama) and roach (Rutilus rutilus) are two Cyprinid species that increase in eutrophic lakes 
(Tammi et al., 1999). In a biomanipulation experiment by Søndergaard et al. (1990), reduction 
of the planktivorous fish common bream, showed to decrease both the amount of blue green 
algal and internal loading in a limnic system. This biomanipulation method is often referred to 
as reduction fishing which can be seen in Fig. 2.  
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Fig. 2. The trophic cascade in a limnic system. A minus sign indicates a negative effect on the amount of the 

next trophic level. A plus indicates a positive effect on the trophic level. 
 

Removal of large amounts of benthivorous fish can also decrease the internal loading and 
resuspension of nutrients as demonstrated in Lake Vesijärvi in Finland (Horppila et al., 1998). 
However, reduction fishing has to be repeated in ca. 6–10 years periods, as the lake can 
become eutrophic again due to internal and external nutrient sources (Søndergaard et al., 
2008). Trawling, pound nets and nets of different sizes are the trapping methods used during 
reduction fishing. The use of nets is especially good in shallow lakes with the size less than 5 
km2. The best results from reduction fishing is achieved if the biomass of planktivorous fish is 
reduced by >75% (Tengelin, 2013b). Reduction fishing in shallow lakes has been shown to be 
more successful than in deeper lakes (Hansson, 2008). According to VISS, a lake is regarded 
as small when the area is ≤ 10km². Lakes with a max depth of >5 m and a mean depth >4 m 
are regarded as deep (VISS, 2014). By removal of large quantities of fish, the P and N load 
can be decreased since a roach is composed of approximately 0.7 % of the fish mass and 2.7% 
N (Setälä, 2011; Sandström, 2011).  
 
Based on these approximate nutrient contents, the estimated amount of catch in a lake with a 
Tot-P above 100 µg/l should be 150 to 200 kilograms per hectare each year (Tengelin, 
2013b). These estimates are preliminary and the real values have to be established through 
exploratory fishing before starting a biomanipulation project (Carlstein, 2012). In some 
restoration projects, the ecological status improved with a reduction of 50% of the rough fish 
biomass only (Jeppesen & Sammalkorpi, 2002., in Hansson, 2008). Reduction fishing should 
be conducted in a short period of time, and repeated in 1- 3 years periods during spring or 
autumn. In spring, the fish are active during the breeding season and inactive trapping 
methods are the best. In autumn, the fish are inactive and active trapping methods are 
preferable (Annadotter et al., 2013). The more important challenge is to remove the external 
nutrient sources because reduction fishing is merely a way to reduce the symptoms of a high 
nutrient inflow into a limnic system and a method to restore or improve lake status 
temporarily (Søndergaard et al., 2008; Jeppesen et al., 2012). The overall effects of 
biomanipulation have shown to be short lived as the trophic cascade effect weakens and 
zooplanktivorous fish species repopulate the lake in ca. 5-10 years. However, the amounts of 
benthivorous fish remain rather low. The research on biomanipulation continues and are today 
combined with various physio-chemical treatments to make the effects more long lived 
(Jeppesen et al., 2012).  
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2.5.2. Previous fish reduction projects 
Previous attempts of biomanipulation through reduction fishing in inland lakes have been 
conducted in temperate, and eutrophic lakes in the Northern countries (Sandström, 2011; 
Hamrin, 1999; Søndergaard et al., 2008; Olin et al., 2006). A Finnish project was also started 
recently to investigate the prospects of such nutrient reduction method in the Baltic Sea along 
the Finnish coastal area (Jokinen & Reinikainen, 2011). In Sweden, reduction fishing was first 
used as a conservation method in the 1970-80's, in Lake Trummen where 13,4 tonnes of fish 
were removed (Persson & Svensson, 2004). In Lake Skundern in Södermanland, a total of 18 
tonnes of rough fish were removed during the start up year 2009 (SMOFF, 2014). In Lake 
Ryssbysjön in Småland, 20 tonnes of fish was removed in 2011, the same amount of fish  
removed during the restoration of the lake four years earlier (Nässjö kommun, 2014). In Lake 
Vallentunasjön, Uppland, the main goal was to increase the water transparency for 
recreational purposes as well as increase the ecological status. During the period 2010-2012, 
about 86 tonnes of white fish, mostly bream, was removed from the lake by trawling and 
using pound nets (Tengelin, 2013a). Similar attempts has been made in Lakes Ringsjöarna 
where 240 tonnes of roach and bream were removed (Hamrin, 1999) and Lake Finjasjön, 
Scania, where the total weight of these fishes was 430 tonnes during the period of 1992 to 
1994. A recent reduction project was conducted in Lake Finjasjön in 2012 to 2013 where 90 
tonnes of fish were removed, which  corresponded to 87 kg of fish/ per hectare (Annadotter et 
al., 2013). Exploratory fishing has also been conducted in Östhammarsfjärden, in the Baltic 
Sea in Uppland, in order to investigate the prospects for a reduction fishing project in the area. 
The project aims to reduce the nutrients in the bay and increase the ecological status in the 
Baltic Sea. The amount of catch in this project is estimated to be approximately 15 tonnes of 
fish each year (Sandström, 2011). The catch from reduction fishing is often sorted since 
piscivorous fish should be released back into the lake to regenerate (Tengelin, 2013a). All the 
rough fish caught during reduction fishing projects must be either sold or disposed of in other 
ways. 

2.5.3. Use of fish in previous projects  
The large number of fish removed during reduction fishing has been a major issue. In Lake 
Ringsjön, disposal of the catch was both an economical and a ethical problem. The fish was in 
the end donated to a local mink farm and used as animal feed. Some of the catch was  stored 
as a fish slurry and some as frozen fish which was sold to zoological gardens as pelican feed 
(Hamrin, 1999). During reduction fishing in lake Finjasjön year 2012-2013, the fish was used 
both for human consumption as well as for animal feed (Annadotter et al., 2013). In Lake 
Skundern project in the county of Södermanland, the catch was managed by the surrounding 
farms, which intended to use it as fertilizer for crop cultivation. More information on 
management and how the fish was used at the farms was not given (SMOFF, 2014). In Lake 
Vallentunasjön and the project in Östhammarsfjärden, the catch was sent to the biogas plant in 
Uppsala for anaerobic digestion into biogas (Tengelin, 2013a; Sandström, 2011). Sandström 
(2011) stresses the importance of a pragmatic and consistent management plan of fish catch if 
the project in Östhammarsfjärden should continue. Proposed areas of use from such projects 
are animal feed or crayfish bait, and further plans are determined. The most frequent use of 
the catch from reduction fishing in Sweden has been for biogas production or as animal feed. 
Finland is a county ahead in the research on reduction fishing and has also looked into the use 
of fish for other purposes than animal feed or as biogas substrate. In Finland, the Game and 
Fisheries Research Institute have started a project to find commercially viable methods to use 
Cyprinid fish in other areas. The main part of the fish becomes animal feed, but parts of the 
catch is exported to countries in the Eastern Europe as well as processed into food products by 
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the company Kalaset Oy wich has developed a method to process the rough fish into fish 
patties for human consumption (Vilt- och fiskeriforskningsinstitutet, 2014b). 
 
2.6. Waste and food regulations 
If the fish is treated as waste, there are both national and international waste management 
plans to follow. The European Parliament and the council Directive 2008/98/EC OJ. L 312, 
p.1 of 19.11.2008., oblige member countries to introduce waste regulations that follow the 
waste management hierarchy (Fig. 3.) and manage waste products without harming the 
environment or human health. As a member of the European union, Sweden is obligated to 
follow the EU regulations on waste management (Avfallsutredningen, 2012). 
 

 
Fig. 3. The five steps of the European Union waste management hierarchy. 

 
The first step in the waste hierarchy is to, as far as possible, prevent the origin of waste. 
Prevention is defined as actions that are taken before a material, product or substance 
becomes waste. Waste that arise should first and foremost be re-used or recycled if the waste 
is not suitable. Re-use is defined as use of a product with the same purpose as it was first 
intended. Recycling of materials should be prioritised to preserve natural resources and 
deposition of waste should be avoided as far as possible.  
  
The Swedish waste management should strive for decreased emissions of greenhouse gases 
(GHG) and waste should be recycled as far as possible. Biological waste should first and 
foremost be used for biogas production to recycle energy and if regarded as hazardous waste 
it may be incinerated in a power and heating plant (Ekvall & Malmheden, 2012). Based on the 
Swedish Committees' efficient waste disposal techniques (Avfallsutredningen., 2012), the 
three goals for the Swedish waste management should be: 
 

• The Environment - Environmentally and resource efficient 
• The Citizen - Easy and accessible  
• The Market - Efficient for the society and economically viable 
 

When it comes to trade with fish products for food, member countries of the European Union 
must also follow regulations on trading standards and food hygiene. If fish caught do not live 
up to trading standards of the EU in e.g. size, the fish is not allowed to be sold on the market, 
even though the fish is living up to food standards (Regulation 1379/2013/EC, OJ L 354, p. 1 
of 11.12.2013.). If fish is caught but does not serve as food for human consumption, the catch 
must be categorised as an animal by-product (Regulation 1069/2009/EC, OJ L 300, p. 1 of 
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21.10.2009). Depending on the categorisation and handling, the catch can be used for 
different purposes such as biogas or animal feed. 
 
2.7. Study area 
Östergötland is a county in the south eastern part of Sweden (Fig. 4). The landscape consists 
of forests, agricultural fields, approximately 2100 inland lakes and an archipelago in the 
Baltic Sea (Länsstyrelsen Östergötland, 2014b). Many lakes in Östergötland have severe 
problems with eutrophication, and the situation is worsening (Länsstyrelsen Östergötland., 
2010). Extensive agriculture activity surrounding the lakes and untreated waste water have 
during decades contributed to an inflow of nutrients into the inland lakes in Östergötland, 
leading to extensive algal blooms (Länsstyrelsen in Östergötland, 2014a). A survey done in 
2013 estimated that approximately 735 of all inland lakes in Östergötland have levels of total 
P that exceed the eutrophic limit (Miljömål, 2014). Many lakes and rivers in Östergötland 
have an outflow that leads into the Baltic Sea (Länsstyrelsen Östergötland, 2014b). Nutrients 
in the water flow downstream and eventually end up in the Baltic Sea, which is already 
eutrophic and suffers from low oxygen levels and dead sea bottoms (HELCOM, 2011). There 
are eight licensed fishermen in lakes in Östergötland today. Six are located in the big lake 
Vättern in the western part of Östergötland and only two fishermen are working in other 
lakes. Neither of the fishermen have fishing as their main occupation and the output of fish 
from lakes in Östergötland is relatively low. Recreational fishing however, can increase the 
output of specific fish stocks in lakes, where pike, pikeperch and char are the species that 
have a relatively high fishing pressure from hobby anglers (Tibblin et al., 2012).   
 

 
Fig. 4. Map of Sweden with the county of Östergötland marked in black. The map of Östergötland indicates the 

two biggest cities and the five lake bodies. 
 
Small scale reduction fishing projects were recently conducted in three lakes in Östergötland: 
Lake Svinstadsjön, Lake Värnässjön and Lake Nimmern1. The reduction fishing is an attempt 
to reduce the nutrient levels in these lakes, and thereby decrease the degree of algal blooms, 
                                                
1 Niclas Bäckman, Environmental protection unit, Länsstyrelsen Östergötland. Personal communication 13 Mars 
2014.  
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and restore the ecosystem services these lakes provide (Länsstyrelsen Östergötland, 2014a). 
There are a number of fish conservation organizations (FVOs) in Östergötland that have 
applied for the LOVA allowance for 2014 and 20152, meaning that the interest for reduction 
fishing in inland lakes is increasing. The increased use of this conservation method will lead 
to an increased catch, and thereby the problems with management and end-use have to be 
considered. Five of the most eutrophic lakes in Östergötland are Lake Asplången, Lake 
Värnässjön, Lake Svinstadsjön, Lake Nimmern and Lake Hällerstadsjön. The lakes were 
selected as they have applied for reduction fishing as an attempt to restore the lake and 
improve the lake status and may meet the problems concerning the use and management of 
the catch. Four of the lakes are located close to the biggest cities in the county, and one is 
located in the southern part (Fig. 4). Both chemical and biological water status is poor for all 
five lakes All five lakes reach the P level for eutrophic condition, >50 µg l-1. All lakes are 
categorised as deep, whereas the mean depth are >4 m and the max depths are >5 m (VISS, 
2014). No exploratory fishing has been conducted in Lake Värnässjön, Hällerstadsjön or 
Asplången leading to an unknown status and composition of the fish fauna. The status of fish 
fauna in Lake Nimmern is moderate based on old expletory fishing and the fact that a 
restoration is needed. In Lake Svinstadsjön, the status is set to moderate based on the need for 
restoration (VISS, 2014).  
 

3. Methods  
The study is divided into three parts. The first part is based on secondary analysis of data and 
calculation of estimated fish and nutrient removal. The second part focuses on sustainability 
principles for each area of use are presented. The data for the third part was collected both 
through interviews, personal communication and previous literature surveys.  
 
3.1. Secondary analysis  
A secondary analysis is a scientific method used when time or resources are limited (Bryman, 
2001). The secondary analysis in this project aims to find out the amount of possible cyprinid 
fish to remove in each lake. The results from the calculations will give an estimated amount of 
how much fish that has to be disposed of in the future reduction fishing projects. The amount 
of fish will also be evaluated further in the fish disposal and use section, to find if possible 
disposal methods can handle the catch of roach and bream. Since lake data is needed for such 
calculations, Länsstyrelsen Östergötland was the provider of the secondary lake data through 
the Swedish water information system, VISS, as well as reports from Länsstyrelsen 
Östergötland. The amount of fish in kg was calculated as:  
 
mmin = tvmin · A  
 
mmax = tvmax · A 
 
where mmin is the minimum mass and mmax is the maximum mass of fish reduced from the 
lake. The target values (tvmin and tvmax) was based on previous studies conducted by Tengelin 
(2013b) with tvmin=150 kg/ha and tvmax=200 kg/ha. A is the lake area in hectares.  
 

                                                
2 Niclas Bäckman, Environmental protection unit, Länsstyrelsen Östergötland. Personal communication 13 Mars 
2014.  
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The amount of phosphorus and nitrogen removed with the fish was calculated based on the 
previous calculation on fish amount. The calculation of nutrient removal is performed to give 
an estimation on the possible nutrient removal through reduction fishing, for each lake as 
requested by Länsstyrelsen Östergötland. The nutrient reduction was calculated as:  
 
Premoved= mmax/min · P        
 
Nremoved= mmax/min · N 
 
where mmax/min is the mass of fish removed from the previous calculation,  P=0.7 % of the total 
fish mass and N=2.7% (Setälä, 2011; Sandström, 2011). 
 
3.2. Literature review 
Four common usage areas will be further evaluated in this report based on previous reduction 
fishing projects: fish for human consumption as food, feed for animals, as substrate for biogas 
production. Incineration was also added to investigate the possibilities of the waste 
management method in the area. A Literature review was conducted to find additional 
information on each area of use in a broader context. The review also handles environmental, 
societal and economical aspects that could be significant to the SWOT and sustainability 
analysis, described below. Scientific articles, project reports and company information were 
the main source of information for this section. 
 
3.3. Interviews and sampling 
An interview is a structured dialogue between an interviewer and a respondent, often used as 
a scientific method to get structured data from one or many sources. Interviews can be divided 
into structured and semi-structured interviews. In the structured interview, the interviewer 
asks questions based on a fixed scheme with purpose of a fixed context for all interviews. The 
semi-structured interviews allows the interviewer to change the dynamics of the interview, 
with respect to the pre-approved interview questioner, and to ask follow up questions if 
necessary (Bryman, 2001).  
 
The interviews in this study follows a semi-structured interview method where the aim of the 
interviews are to establish the possibilities for different disposal methods or area of use of 
roach and bream in Östergötland. The waste disposal methods and fish use investigated were 
fish for food, animal feed, biogas production or waste disposal by incineration. Interviews 
with fishmongers, and other possible stakeholders such as feed and biogas producers in 
Östergötland, aimed to find the possibilities of the use of reduced fish in their business. 
Interviews with fishmongers aimed to find the prospects for the use of roach and bream as 
food. The sampling of fishmongers was based on the criteria that fishmongers had a fish shop 
in the area of the two biggest cities in Östergötland, Linköping and Norrköping. Possible use 
of fish as animal feed was investigated but no animal feed producers could be found in the 
area of Östergötland during the sampling. However, two animal feed producers were found 
later on but they were not interviewed due to time constraints and thereby not incorporated in 
the study. One biogas producer was found in the area and was contacted for an interview to 
establish whether fish could be used for biogas production in that plant.  
 
The respondents were informed in advance per e-mail, and were later on contacted by phone 
to plan when to conduct the interview. The interview questions were prepared and sent to the 
respondents as an interview guide. The interview guide for fishmongers can be found in 
Appendix 1. Six fishmongers were contacted for an interview but only three participated in 
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the study and one biogas producer was interviewed. The interviews were conducted by phone 
as per requested by the interviewed fishmongers. Even if direct interviews are more common 
during scientific research, telephone interviews are, due to Bryman (2001), a valid type of 
interview technique. The answers from the fishmonger interviews were carefully written 
down during each interview and later on summarised in a table which can be found in 
Appendix 3. All answers from interviews with fishmongers were treated confidentially and 
are presented as answers from Fishmonger 1, 2 and 3. The precaution was made to avoid any 
answers to be directly linked to a specific fishmongers or harm their business. The 
fishmongers represents a part of the fish shops in Östergötland, but are important actors on the 
local fish market.  
 
One biogas producer, the Svensk Biogas plant in Linköping, was contacted for an interview, 
however, the dialogue resulted in an unstructured interview. The dialogues were directed 
towards the questions from the interview guide (Appendix 2). The dialogue only represents 
the possibility for a use of fish in the Svensk Biogas plant, as the company is the only biogas 
producer present in Östergötland. The independent and local food promotion business 
Östgötamat was also contacted for their opinion on rough fish for local food but no interview 
was conducted. The answers from the fishmonger interviews, and the communication with the 
biogas producer and Östgötamat will be presented under the respective disposal or usage area. 
All answers will be divided into environmental, societal and economical criteria. The answers 
are treated as equally important as the results from the literature review to generate a holistic 
approach for each disposal or fish use. The answers, as well as the literature review, will be  
evaluated in a sustainability and a SWOT (Strengths, Weaknesses, Opportunities and Threats) 
analysis, mentioned below.  
 
3.4. Sustainability and SWOT analysis 
Sustainability is difficult to evaluate due to its complexity and wide arrange of aspects 
covered (Nationalencyclopedien, 2014b). The issues covered are both environmental, societal 
and economical and may be similar to a traditional development that does not cover 
sustainability. Therefore it is vital to distinguish sustainability factors to reach a conclusive 
sustainability analysis (George, 1999). In this study, the results from both literature and 
interviews are divided into the three sustainability criteria: environmental, social, and 
economic aspects. The sustainability of each usage area will be evaluated based on the 
European Union waste hierarchy as well as the Swedish waste plan that covers all three areas 
environment, citizens and the market. Environmental criteria indicates if the disposal or usage 
area is environmental and resource effective. Answers from interviews and sources relating to 
environmental or recourse effectiveness will be found under this section. The societal criteria 
indicate whether the basic societal needs are met and whether it is accessible to society. 
Interview answers and information relating to accessibility basic needs are gathered in this 
section. The market aspects from interviews and literature sources are divided into the 
economical aspects if they relate to societal efficiency or economical issues. The different 
disposal methods and fish use will be considered as sustainable if all three sustainability 
criteria are present and are met.  
 
There three sustainability criteria were evaluated in a SWOT (Strengths, Weaknesses, 
Opportunities and Threats) analysis. The SWOT analysis is a tool to strategically find the 
major strengths and weaknesses in a business or organisation (Coman & Ronen, 2008). 
SWOT serves to evaluate information, hard facts, of a project or business to find the business 
chances to expand or stay stable among external and internal factors (European Commission 
Joint Research Centre, 2006). The identification of the strengths, weaknesses, opportunities 



 

 13 

and threats enables the planning for future actions in a project or business (McNutt, 1991). 
Strengths and weaknesses are internal forces that explain the situation within the company or 
project. Internal forces are linked to e.g. people, performance, quality, adaptability, services or 
reputation. Opportunities and threats are linked to external forces such as  markets, society, 
seasonality, competition, economics, politics, technology and environment (Chapman, 2014). 
Strengths and opportunities are aspects that will push a project forward, while weaknesses and 
threats are holding it back. SWOT is not a tool for prioritisation among factors, but does 
target the present strengths for a project, the opportunities to take, what weaknesses to 
overcome and threats to address in future plans (European Commission Joint Research 
Centre, 2006). To identify the SWOT's for each type of disposal, the sustainability criteria 
will be incorporated in the SWOT analysis as environmental, societal and economical issues 
from with each usage area/disposal. Results relating to present internal forces, within the 
disposal method or fish use, are placed under strengths and weaknesses. Results relating to 
external forces and future are placed under opportunities and threats. The aim for this analysis 
is to find the most viable way to use roach and bream Östergötland in a business perspective. 
Since SWOT does not prioritize among criteria, the number of criteria in each category will 
indicate whether the disposal is viable or not. Fewer identified strengths and opportunities 
than weaknesses and threats will be treated as unviable business at a present stage for the 
concerned disposal method. The number of categories in each SWOT and the sustainability of 
each usage area will be evaluated in the discussion.  
 

4. Results 
 
4.1. Fish catch and phosphorus removal  
The theoretical amounts of fish that could be removed from the lake and the corresponding 
amount of P and N removed with the fish is indicated in Table 1.  
 
Table 1. Possible catch and removal of phosphorus and nitrogen. The catch/year is based on a catch of the 
minimum 150 kg/ha per year and maximum 200 kg/ha per year. Premoved is based on P content of the common 
bream, 0.7% of the catch weight. The corresponding N content is 2.7%.  

Lake Lake area (ha) Catch/yr (tonnes) 
mMin - mMax 

Premoved (kg) 
mMin - mMax 

Nremoved (kg) 
mMin - mMax 

Asplången 229 34 - 46 241 - 320 928 - 1237 
Hällerstadsjön 147 22 - 29 154 - 206 595 - 794 
Nimmern 390 58 - 78 410 - 546 1580 - 2106 
Svinstadsjön 185 27 - 37 194 - 259 749 - 999 
Värnässjön 140 21 - 28 147 - 196 567 - 756 
Total:   162 - 218 1146 - 1527 4419 - 5892 

  
 
4.2. Fish as food 
Fish is an important source of vitamin D, B12 and selenium; meals containing fish should 
make up to 2-3 meals per week (Becker et al., 2007). The Swedish population ate 3.8 kg 
filleted fish and 9.3 kg fish products per person in 2011 (SCB, 2013). The intake of fish could 
have better effect on human health, because it reduces the risk of getting cardiovascular 
diseases (Becker et al., 2007).  
 
In Swedish cuisine, bream was long recognised as a fine and edible sweet water fish and was 
frequently used for cooking (Swahn, 2003; Wretman, 2008). The use of roach on the other 
hand is limited in Swedish cooking, and has no commercial value today (Jacobsson & 
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Solvika, 2010). The Forest Finns fermented roach, much like the present fermented herring, in 
the 19th century (Nyström, 2009). Fermented roach was also popular in Hälsingland county 
even up to the 1950's (Jacobsson & Solvika, 2010). The tradition of using roach as food still 
exists in Sweden, even if it is geographically limited.  

4.2.1. Environmental aspects 
Fish for human consumption is related to a number of sustainability issues. The exploitation 
of the marine fish communities have resulted in overfishing and damaged ecosystems (FAO, 
2010) and the import of fish to Sweden from countries outside the European union, mostly 
from Norway, China and Vietnam is substantial (Havsmiljöinstitutet, 2014). The CO2 
emissions per kg of fish depends on both trapping methods and transportation (Hjerpe et al., 
2013). At the same time there is an increasing consumer awareness, where branding has 
become an important way to reach out to potential customers. Consumers guides to 
sustainable fish consumption, published by non governmental organisations (NGO's), could 
lead to an increased consumer awareness (Ziegler, 2008). A study on future food consumption 
published by several Swedish agencies, means that the view of what we consider as edible 
fish has to become broader to meet future food demands (Hjerpe et al., 2013). 
 
Marketing of reduced fish as food could lead to decreased environmental impacts since less 
food have to be produced and imported (Miljödepartementet, 2012). Fish in Swedish lakes are 
plentiful, but the species fished for commercial use are mostly restricted to vendace, 
pikeperch and crayfish and to some extent eel and pike (Eriksson, 2013). The status of the fish 
stocks in the Swedish lakes are today unknown, and the ecological effects of intensive fishing 
can not be assessed (Lindquist et al., 2004). Most of the lakes in Östergötland are not 
exploited for commercial fishing. The future prospectives however, are positive since an 
increased consumer awareness has shown to increase the demand for locally produced fish in 
the county (Tibblin et al., 2012). A commercial fishing for bream and roach in Östergötland 
does not exist today, however, Fishmonger 1 claimed to sell both roach and bream, both for 
cooking purposes and as crayfish bait. The fish was also locally procured as it came from 
lakes in the Östergötland region and the estimated amount sold was 2 tonnes per year.  

4.2.2. Societal aspects  
The traditional use of bream and roach in Swedish cuisine points at a positive view and 
acceptability of the species. However, interviews with fishmongers and the local food 
promotion organisation Östgötamat, showed to be less positive. Three fishmongers 
interviewed stated that bream and roach had to many bones to be edible, and the fish are not 
suitable for cooking. Louise Ahlenbrandt3 at the local food promotion organisation 
Östgötamat confirmed that lake fish is difficult to market today. The interest for lake fish has 
decreased and even with promotion of lake fish, the interest for the fish is not increasing. 
Östgötamat is promoting the provincial fish of Östergötland, pike, in restaurants around 
Östergötland, but the interest is low. Bream and roach have bad reputation among Swedes and 
due to its reputation as being inedible; intense marketing would be needed to increase the 
interest and its reputation as edible. The fishmongers all stated that both roach and bream 
were fish not used for food and two stated that the bones were the reason (Fishmonger 1 and 
2). Two fishmongers (Fishmonger 1 and 2) also stated that there is a cultural difference in the 
customer demand and that customers with foreign origin more often asked for bream for 
cooking purposes'. Roach were considered to be suitable as crayfish bait (Fishmonger 1 and 

                                                
3 Louise Ahlenbrandt, Project manager, Östgötamat. Telephone conversation 11 Mars 2014. 
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3). Fishmonger 3 stated that bream and roach were more suitable for production of animal 
feed than for human consumption.  
 
Another issue to address before using the fish as food is the issue of possible pollution in fish. 
The Swedish food administration has warned about potential toxins and heavy metals in fish, 
such as methylmercury. High levels of methylmercury have been found in piscivorous fish 
such as pike, perch and pikeperch (Becker et al., 2007). Analysis of toxic compounds were 
performed in fish from Lake Finjasjön in 2012 since toxic substances can accumulate in fatty 
fish, such as bream (Annadotter et al., 2013). The levels of heavy metals and toxins were low 
in both bream and roach. However, since the levels of methylmercury depend on the fishing 
area as well as species (Becker et al., 2007), investigations on composition of the substance is 
advisable before using the fish as animal feed or for cooking purposes (Annadotter et al., 
2013). 

4.2.3. Economical aspects 
To reach the fish market, each fish has to live up to trade standards (Regulation 
1379/2013/EC, OJ L , p. 1 of 11.12.2013.). Small quantities caught by coastal fishermen are 
allowed to be sold directly to the retail business or consumers. There is no definition of the 
meaning of 'small quantities' today (Rosell, 2014). Among the interviewed fishmongers, there 
is already a potential market for bream and roach in Östergötland (Fishmonger 1 and 3). The 
extent of trade on these species depending on the consumer demand (Fishmonger 1, 2 and 3). 
Fishmonger 1 did already sell both roach and bream and was interested in selling them in the 
future as well.  Fishmonger 2 had no interest in the species whatsoever and meant that the fish 
was inedible but could  consider to sell them if there was a demand. Fishmonger 3 did sell the 
fish, but only as crayfish bait, and showed an interest in the fish and stated that the consumer 
demand would be the important factor if such business is possible.  
 
Both roach and bream are species that have no commercial value today. However, there are 
notifications from fish auctions in Gothenburg of sale of common bream with the price of 
7.00 sek /kg in April 2014 (Göteborgs fiskauktioner, 2014), thus one tonne would generate 
7000 sek. Reduction fishing of bream stocks in Finland has had a positive growth effect on 
the remaining fish in the lake which have increased the commercial value of bream (Vilt- och 
fiskeriforskningsinstitutet, 2014a). The varying size of the fish has caused some concerns for 
fishermen (Setälä, 2011) since there are restrictions on food quality which prohibits the trade 
of very small fishes (Rosell, 2014). To increase the interest of roach and bream as an edible 
fish, marketing of the products would be necessary. Such marketing could be difficult due to 
the resistance towards consumption of bream and roach today4. Fishmonger 3 claimed that 
customers are not aware of bream and roach, and that would explain the low demand for these 
species. The demand for processed fish products has increased in Sweden and the market is 
full of established fish product brands (Lindquist et al., 2004). In a Finnish reduction fishing 
project, fish products such as bream patties were produced from bream in the fish processing 
factory Brännskata Fiskare ab. The business switched over to use bream because of the 
decline in catches of other species (Långvik, 2009). The factory use 120-150 tones of fish, 
mostly bream to make ten tonnes of fish products each year (Backa, 2012). The processing 
costs increased the market value of the fish product from 0.4 €/kg to15-20 €/kg, 
approximately 4 sek/kg to 136 sek/kg (Setälä, 2011). In Östergötland, there is no such 
processing factory today. A processing factory such as the one in Finland would need both 
long term, as well as short term commitment and investments.  

                                                
4 Louise Ahlenbrandt, Project manager, Östgötamat. Telephone conversation 11 Mars 2014. 
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4.2.4. SWOT - Fish for human consumption 
SWOT analysis for fish for human consumption. The analysis is based on results from interviews and literature. 

Strengths Weaknesses 
• Fish should be consumed 2-3 times each 

week 
• Recycling of nutrients in the fish 
• Traditionally edible fish 
• Local food: Available in almost all lakes 
• Interest from some ethnic groups 

• Low demand for bream and roach 
• Varying size of fish 
• Not recognized as a edible fish - many 

bones 

Opportunities Threats  
• Consumer awareness could lead to 

increased consumption 
• New fish products are possible  
• Diminishing marine fish stocks 
• Better use of ecosystem service from 

lake could limit import of fish  
 

 

• The fish must be handled according to 
EU food standards  

• Cultural resistance towards bream and 
roach 

• Seasonal produce - fish is available only 
during the reduction fishing period.  

• Lake fish is difficult to sell due to low 
demand 

• Extensive marketing is needed  
• Potential toxins (methylmercury) 
• Expensive to build new processing unit 

 
4.3. Fish as animal feed 
Feed can be both unprocessed and processed and even small amounts of an ingredient is 
regarded as feed. In European Union's Regulation 178/2002/EC, OJ L 31, p. 7 of 1.2.2001, the 
definition of animal feed is: '‘feed’ (or ‘feedingstuff’) means any substance or product, 
including additives, whether processed, partially processed or unprocessed, intended to be 
used for oral feeding to animals'. Both primary producers and transports for feed have to 
register at the Swedish Board of Agriculture due to the European union requirements for feed 
hygiene (Dahlström et al., 2011). In the Regulation 183/2005 EC ' primary production of 
feed’ means the production of agricultural products, including in particular growing, 
harvesting, milking, rearing of animals (prior to their slaughter) or fishing resulting 
exclusively in products which do not undergo any other operation following their harvest, 
collection or capture, apart from simple physical treatment'. This indicated that fish from 
reduction fishing could be regarded as a primary production of feed. Regulation 
1774/2002/EC, OJ L 273, p.1 of 10.10.2002. concerning animal by-products for animal feed 
states that member states can allow animal by-products for feeding furry animals or as fishing 
bait. No mink farms that were able to use the fish were found in the county of Östergötland. 
However, Fishmonger 2 and 3 stated that there was demand for the species during crayfish 
period, and Fishmonger 1 indicated that roach only served as bait.  
 
The use of fish in processed animal feed is limited to fish meal that consists of ground fish 
and fish trimmings. The meal served as a nutrient source for production animals or pets 
(Nationalencyclopedien, 2014a) and is allowed in feed for fish, pigs and poultry 
(Jordbruksverket, 2014b). However, new restrictions in the EU, limits the use of fish in 
animal feed. The restrictions applies to feed for pigs and poultry, where unwanted fish taste is 
the reason for imposing the restrictions (Nationalencyclopedien, 2014a). Special restrictions 
and registers apply to all feed businesses handling animal products, using fish meal or 
producing feed for pets containing animal by-products. All businesses that use, store or 
process any animal by-products must also be registered at the Swedish Board of Agriculture. 
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All facilities for production of bone meal, meat meal or fish meal have to be approved by the 
Swedish Board of Agriculture (Dahlström et al., 2011) likewise if fish meal is used in the 
production of feed, it must be approved by Swedish Board of Agriculture and come from an 
approved fish meal producer (Jordbruksverket, 2014b).  
 
There is no bone meal production in Sweden today, since the last production Ängelholmen's 
fish meal factory shut down in 2005. However, such a production still exists in neighbouring 
countries (Nationalencyclopedien, 2014a). Most of the fish meal used in Sweden is imported 
form either Denmark, Norway or Ireland (Elwinger, 2013). Approximately 70% of the fish 
catch in Sweden is turned into animal feed. The catch is sent abroad, mostly to Denmark, to 
be processed into fish meal that is used in poultry and pig feeds (Lindquist et al., 2004). There 
are two animal feed factories in Östergötland toady, Svenska Foder and Lantmännen (Ekman, 
2011). The companies sells feed products for a number of farm animals. Fish meal is one 
protein sources used in feed mixes for pigs (Lantmännen, 2012).   

4.3.1. Environmental aspects  
The import of animal feed to Sweden is rather small and most of the feed used for Swedish 
farm animal is produced in Sweden. Due to high transportation costs, the animal feed market 
is regional, rather than national (Ekman, 2011). The use of fish in animal feed increases 
recycling of nutrients and could limit food waste in Sweden. The production of fish meal is 
argued to be unsustainable since the business have contributed towards overfishing and 
depletion of the marine fish stocks (Nationalencyclopedien, 2014a). A large amount of the 
commercial fishing in the pelagial (open water mass) in the seas are for commercial products 
such as fish meal or fish oil. This has flooded the market with fish at a low market price, 
leading to exploitation of marine fish stocks (Brady & Waldo, 2008). One third of the global 
fish catch is not directly consumed by humans, but is turned into fish meal for animal feed 
(Lindquist et al., 2004). The use of fish meal by the Swedish chicken producer Svensk Fågel, 
has decided to eliminate their use of fish meal in chicken feed. The decision was based on 
both ethical and ecological aspects of depletion of the marine fish stocks (Svensk Fågel, 
2014).  

4.3.2. Societal aspects  
Like fish for human consumption, fish for animal feed have to contain low levels of 
pollutants. The source of pollutants in feed is often fish meal and fish oil (Dahlström et al., 
2011). Feeds must be controlled and feeds are prohibited in Sweden if they lead to human 
health issues, results in inedible products from animals or have a negative environmental 
impact (Jordbruksverket, 2014b).  

4.3.3. Economical aspects 
There is a demand for crayfish bait during the crayfish season (Fishmonger 1, 2 and 3) which 
indicate a potential market for roach and bream. When it comes to the processed feed 
alternative, the entry barriers for new actors on the stable feed market are many and the 
market is based on businesses with rather similar products. The already established feed 
businesses prevent smaller companies to set up business (Ekman, 2011). The market price for 
fish meal and fish oil is increasing due to high demand from rapidly growing economies such 
as China (GAIN, 2007). Tacon & Metian (2008) indicated that the future use of fish meal 
produced form wild fish stocks will be limited due to limiting global supplies of fish, 
increasing market price, transportation costs and an increasing customer awareness could lead 
to a market pressure towards substituting fish meal to other protein sources. Due to the 
diminishing fish stocks in the seas, new protein rich diets are replacing the fish meal and can 
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cause competition in the market (Elwinger, 2013). Clam meal is one new option since clam 
farming has been introduced as a possible method to decrease P and N and decrease 
eutrophication along the Swedish coast lines (Jordbruksverket, 2014c). 

4.3.4. SWOT - Fish as animal feed 
SWOT analysis for fish as animal feed. The analysis is based on results from literature.  

Strengths Weaknesses 
• Recycling of protein and nutrients 
• Local feed production 
• Demand for fish as crayfish bait 

• No national fish meal production  
• Low demand for fish meal in products 
• No fur farms in the area 

Opportunities Threats 
• Fish can be stored as slurry or frozen 
• Future demand for local protein sources 
• Fish is allowed as feed for 

fishing/cultivation of fish 
 

• Limitations from the EU of fish in feed 
for poultry and pigs 

• Feed business have to be registered and 
use of animal ingredients controlled 

• Competition from existing fish meal 
producers in Denmark  

• Tough competition on a saturated feed 
market 

• New protein sources in the market 
• Increasing price of fish meal in the 

global market 

 
4.4. Fish as substrate for biogas production 
Biogas is the product of fermentation of organic compounds, and the energy from it can be 
used for district heating, electricity production and as fuel for vehicles (Biogasportalen, 
2014a). Biogas consists of  methane and carbon dioxide (CO2), where the methane can be 
transformed into kinetic energy or heat (SGC, 2012). The production of biogas (Fig. 5) starts 
with hydrolysis of the substrate where organic compounds are degraded into amino acids and 
sugar. In some cases, the substrate require pre-treatment to be effectively processed and 
degraded. The next step is fermentation where fatty acids, alcohol and hydrogen is produced. 
During the last step, microorganisms produce methane and CO2 which need to be purified in 
order to be used as biogas for vehicles. Sulphide and other impurities are removed which 
results in methane with the purity of 97% (Biogasportalen, 2014a). Bio-fertilizers are formed 
as a by-product from the biogas process, which can be used for crop improvement in the 
agricultural sector (Svensk Biogas, 2014).  
 

 
Fig. 5. Simplified description of biogas production 
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Suitable substrates for biogas production are food waste, manure, sludge and parts of plants 
(Biogasportalen, 2014a). The substrate must contain the right amount of dry matter content, 
volatile solids and nutrients to produce high grade of methane. Compounds as carbon, 
nitrogen and phosphorus are vital to ensure an adequate environment for microorganisms 
(Biogasportalen, 2014a). Fish has shown to be a potential substrate for biogas production 
(Kafle et al., 2013) with a 71% methane output (Carlsson & Uldal, 2009). However, fatty fish 
contains long fatty acids that can have inhibitory effects on the fermentation process and may 
therefore be more suitable as a co-substrate to increase the production (Ward & Løes, 2011). 
Fish waste also contains high levels of nitrogen which may inhibit the digestion process and 
other practical problems like odour as it is stored (Carlsson & Uldal, 2009).  
 
Biogas production in Östergötland is led by Svensk Biogas. Their two biogas plants, one in 
Linköping and one in Norrköping, produce biogas for both private use and for public 
transportation. Patrik Aronsson5 at Svensk Biogas in Linköping, confirmed that fish could be 
an potential substrate for biogas production. However, previous tests with salmon resulted in 
technical complications where as the fish skin stuck in the process where packages are 
removed form the substrate and only a small part of the fish got through to the next step. With 
the present technique it is not likely to use whole fish as substrate. The biogas project 'Biogas 
from fish' has been planned in Västervik, where the fish stickleback is a potential substrate 
(Västervik Miljö & Energi AB, 2014). Bruno Nilsson6 confirmed that the Västervik project 
aims to process the fish, first by grinding it, followed by digestion. A similar grinding 
technique is used by the local slaughterhouse in Linköping, which is delivered as substrate for 
biogas production. The slaughter waste is ground into a slurry (as 12 mm  particles) before it 
is delivered to the plant. The same solution would be possible for the fish, but the fish has to 
be ground before delivering it to the biogas plant.    

4.4.1 Environmental aspects 
Biogas is promoted as a locally produced, lifelike and renewable fuel from nature. Waste is 
transformed into renewable energy, which could decrease the use of finite resources such as 
natural gas and oil as propellant (Svensk Biogas, 2014). The Swedish government introduced 
a new energy bill in 2008 (Näringsdepartementet, 2008) which declares that the amount of 
energy from renewable sources must increase by 50% in Sweden by 2020. A propellant is 
regarded as sustainable if the whole production process satisfies a number of criteria; decrease 
of green house gas emissions and minimal impact on areas with high biological diversity are 
important aspects (SGC, 2012). 50% of the Swedish food waste should by 2019, be 
biologically treated as recycled nutrients and at least 40% must be recycled to energy, based 
on Swedish environmental goals (Ds 2012:23).  
 
Since biogas is the best renewable fuel in the market today it has great prospects to expand. 
Public transportation that runs on biogas has already contributed to decrease air pollution 
from cities (Prop. 2008/09:163). The green house gas (GHG) equivalent of biogas is claimed 
to be negative since the production replaces fossil fuels such as natural gas and oil with high 
GHG equivalent (Tufvesson et al., 2013). The environmental impact of biogas depends on 
what type of substrate is used in its production. Substrates such as food and industrial waste 
have shown to provide the greatest indirect environmental advantages, if composting of waste 
is substituted to controlled biogas production (Brännlund et al., 2010). The use of bio-
fertilizers from biogas production decrease mining of juvenile phosphorus since nutrients 

                                                
5 Patrik Aronsson, Business Manager for substrates, Svensk Biogas. Telephone communication 11 Mars 2014.  
6 Bruno Nilsson, CEO at Västervik Biogas AB. E-mail communication, 12 Mars 2014.  
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from biological waste are recycled. However, nutrients and ammonia from bio-fertilizer can 
leak into surface waters, causing acidification or eutrophication (Lantz & Börjesson, 2010).  

4.4.2. Societal aspects 
There are many benefits to the society biogas production and usage. The increasing need for 
renewable propellants is one of the most obvious reasons to produce biogas (Biogasportalen, 
2014b). Biogas production also enables cities to take a step towards independence from fossil 
fuels (Lantz & Börjesson, 2010). Biogas does also improve waste management since large 
amount and different kinds of waste can be used as substrate, and the local production 
generates new employment in the area (Biogasportalen, 2014b).  

4.4.3. Economical aspects 
Since there are there are two existing biogas plants in the region, the start up investments for a 
new plant is not mentioned further. The costs for biogas production depends on what substrate 
is used, how much substrate is available and transport (Lantz & Börjesson, 2010). A previous 
study on biogas costs showed that the investment costs for handling waste would be up to 
850-1 600 sek for each tonne of slurry waste and 2200-8 600 sek per tonne of solid waste 
(RVF, 2005). According to Patrik Aronsson7 at Svensk Biogas, the costs for disposal of 
animal waste substrate is approximately 200 sek per tonne of slurry, which means the cost for 
disposal of 162 tonnes of the fish would be ca. 32 400 sek. However, since fish slurry is not 
yet evaluated as substrate for the production in Linköping, the bream and roach fish slurry has 
to be analyzed before using it for biogas production. The management costs for use of fish as 
biogas substrate at the Svensk Biogas plant in Linköping, can be established after the fish 
slurry is tested and evaluated as substrate, and the treatment cost would depend on the gas 
exchange from the slurry in the biogas plant in Linköping.   

4.4.4. SWOT - Fish as substrate for biogas production 
SWOT analysis for fish for biogas production. The analysis is based on results from interviews and literature. 

Strengths Weaknesses  
• Can use large amount of substrate and 

fish as potential substrate 
• Already a functioning business 
• Local production of fuel 
• Energy recycling and bio-fertilizer as by-

product 
• Fish as possible biogas substrate or co-

substrate 

• Edible fish could be used elsewhere 
• Fish may cause technical problems and 

odour 
• Biogas plant has a deposition fee 
• Slurry - fish have to be milled before 

delivery at the biogas plant  
• Low gas exchange  
 

Opportunities Threats 
• Increased demand for renewable energy  
• Decreased emissions of CO2 compared to 

composting 
• Biogas is used for busses and cars in the 

area  

• The treatment costs is undetermined 
• Bio-fertilizer can cause eutrophication in 

lakes 

 
4.5. Incineration 
Incineration of waste in a combined power and heating plant is a waste management method 
to consume large amounts of waste and recycle energy. Waste is loaded into an incineration 
chamber where the temperature is at least 850˚C and energy from the heat is used to boil 
                                                
7 Patrik Aronsson, Business Manager for substrates, Svensk Biogas. E-mail communication 5 May 2014. 
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water to generate district heating and electricity. Smoke and gas from the incineration, flue 
gas, is cleaned in several steps in order to remove toxic compounds and pollutants. The only 
residues from the incineration is ash that consists of fly ash and a gravel like material, so 
called slag gravel (Tekniska Verken, 2011). The local incineration plant in Linköping, 
Gärstadverket, is one of the incineration plants in Östergötland that is allowed to incinerate a 
wide range of waste materials and animal by-products. The waste deposit can hold up to 24 
000 m3 of waste (Tekniska Verken, 2011). Plants that incinerate whole animal corpses need 
special permission from the Swedish Board of Agriculture, however by-products other than 
whole animal corpses does not need such approval (Jordbruksverket, 2014a). 

4.5.1. Environmental aspects 
The production of energy at Gärstadverket is based on the waste hierarchy, where waste is 
both recycled and incinerated. The point sources of pollutants from Gärstadverket are high, 
but due to an advanced purification technique, emission of pollutant is limited. The emissions 
of oxidised nitrogen are rather limited compared to the overall deposition of nitrogen 
pollution from national and international sources (Tekniska Verken, 2012). The strictly 
controlled incineration and purification the smoke also limits the release of pollutants such as 
CO2, nitrogen and sulphur dioxide which decreases the risks of air pollution, eutrophication of 
water bodies and acidification (Linköpings kommun, 2013). The energy in the waste used for 
incineration is recycled since both district heating and electricity can be produced in the 
process (Tekniska Verken, 2011). The district heating generated in the incineration process is 
said to contribute positively to the air quality in Linköping and decrease the fossil fuel 
consumption. The emissions from the district heating is calculated to be two tonnes CO2  each 
year, compared to the same amount of households using heating oil would be seven tonnes 
CO2 each year (Tekniska Verken, 2014).  
 
Incineration at Gärstadveket does not affect high natural or cultural values in the area, 
although it may have polluting effects at the nearby lake Roxen and river Stångån which 
strives to achieve a good ecological status (Linköpings kommun, 2013). The slag gravel from 
incineration can be used as building material in construction work such as roads and work 
surfaces, leading to decreased mining of natural materials (Tekniska Verken, 2012). However, 
the residues from flue gas treatment can not be deposited at Gärstadsverken since chlorides 
may contaminate the area. The residues are transported to Norway to undergo neutralizing 
treatment and used as filling material in limestone quarries (Tekniska Verken, 2013).  

4.5.2. Societal aspects 
The incineration of waste in plants such as Gärstadverket contributes to a better technical 
infrastructure in the society and its accessibility is important for the waste management in the 
area (Linköpings kommun, 2013). The recycled energy from the waste provides an increased 
district heating potential which can decrease the use of fossil fuels in the area (Linköpings 
kommun, 2013). Incineration of waste also contributes to a better waste management process 
and is one of the most effective methods to avoid landfills (Eriksson et al., 2005). The 
growing  city of Linköping will demand more energy and heating in the future, which has 
resulted in a planned expansion of the Gärstadverket plant. The expansion is the result of an 
increased interest for district heating as a substitution for use of fossil fuels (Linköpings 
kommun, 2013).  

4.5.3. Economical aspects 
Incineration of waste in Sweden is relatively cost efficient (Ekvall & Malmheden, 2012) and  
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based on assessment on different types of waste management options, incineration is said to 
be more economical and competitive than recycling (Ericsson et al. 2005). Gärstadsverken 
has a fee for disposal of waste which depends on one variable and one fixed cost. The variable 
cost is based on the weight of the waste and the fixed cost is the base charge for the handling. 
The size of the fee at Gärstadverket also depends on type of waste and the size of waste 
container. Business with special demands on transportation and disposal can have counselling, 
and a suitable price is set (Tekniska Verken, 2014b). 

4.5.4. SWOT - Incineration of fish 
SWOT analysis for fish for human consumption. The analysis is based on results from literature and business 
information from Tekniska verken.  

Strengths Weaknesses  
• Accessible in the area  
• Generates locally produced heating and 

electricity 
• Already a functioning business and 

infrastructure available 
• Economically more competitive than 

recycling  

• No recycling of protein and nutrients in 
the fish 

• Deposition fee  

Opportunities Threats 
• Expansion of the business  
• Some residues can be used as building 

material 
• Controlled incineration decrease 

atmospheric and land pollution  

• Pollution may affect nearby water bodies 
negatively 

• Residues exported to Norway 
 

5. Discussion 
The first part of this section deals with outcome from the secondary analysis of fish and 
nutrient removal in five eutrophic lakes. The second part discuss the possible disposal of fish 
from reduction fishing and the sustainability linked to theses. Lastly, the overall sustainability 
for using fish in Östergötland will be discussed as well as future research in the study area.   
 
5.1. Lake status, fish- and phosphorus removal  
The first part of this study aims to look into the amount of catch  five eutrophic lakes 
Svinstadsjön, Asplången, Nimmern, Hällerstadsjön and Värnässjön. in Östergötland as well as 
an estimation of potential 'rough fish' catch during biomanipulation process through reduction 
fishing. The result indicated that reduction fishing as a restoration method can be applied to 
decrease the levels of P and N all lakes The calculations indicate that there is a potential of 
reduction fishing in all these lakes, due to the composition of nutrients. The total amount of 
162 tonnes of bream and roach could be reduced each year from the five lakes, in order to 
reduce eutrophication. Approximately 21 to 78 tonnes of bream and roach could be removed 
from each lake. The calculation was based on the minimum amount of fish (150-200 
kg/hectare) that can be removed to change the ecological status of the lake. In the previous 
Vallentuna project, the catch was ca. 49 tonnes during the first year of fishing (Tengelin, 
2013a) which corresponds well to this study's 21 to 78 tonnes. Since the amount of catch per 
year tends to decrease as the fishing proceeds, the amount of fish removed from the five lakes 
is reasonable if no previous fish reduction has been conducted. The preferred amount of fish 
removed from lakes with a Tot-P >100 µg/L could be even higher, up to 300 kilograms per 
hectare each year for hypereutrophic lakes (Carlstein, 2012). However, the actual size of the 
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catch, depends more than the amount of fish in the lakes. In lake Finjasjön for example, the 
mean catch was only 87 kg/ha but significantly improved the water status (Annadotter et al., 
2013). The real effects from reduction fishing can only be determined after the reduction 
project is finished.  
 
Several other factors such as the work load, the trapping methods and equipment must be 
taken into consideration too. The use of trawling must be evaluated for each lake since the 
technique could damage the lake bottom and environment, as well as consume more fossil 
fuels than nets (Annadotter et al., 2013). Fishing with nets is the preferred option in lakes that 
are <5 km2 in size. However this results in less catch than a trawler and demands longer work 
hours (Tengelin, 2013b). All lakes in the study are small <10 km2 and deep (>5m). Trawling 
should be a possible method, since the five lakes in Östergötland are physically of the same 
type according to depth, area and eutrophication level, as Lake Vallentuna where the trawling 
method was used (Tengelin, 2013b). The environment around the lake is also vital e.g.; 
limited access to the lake, difficult terrain or few harbours could cause trouble for temporary 
equipment such as fishing boats and trawlers. Notably, the trapping method suitable for each 
lake depends on the surrounding area and bottom sediments. Exploratory fishing in each lake 
is also advisable before starting the reduction project since the status of the fish stocks are not 
determined today. Further investigations and deeper analysis have to be conducted to come up 
with more specific management plan for each lake and the cost estimate for each project.  
 
The results from the nutrient calculations showed that ca. 1.2 to 1.5 tonnes of  P and 4.5 to 5.9 
tonnes of N can be removed with the catch from these five lakes. The removal of internal 
nutrient loads in lakes is fundamental in order to improve both lake status and lake usability. 
Whether removal of nutrients in lakes contribute to decreased nutrient inflow into the Baltic 
sea or not, the removal can potentially lead to an improved ecological status in the lake which 
is the main purpose of reduction fishing. The improved ecological status of the lake supports 
the European Water directive and the Swedish environmental objectives 'Flourishing lakes 
and streams' and 'Zero Eutrophication' (Naturvårdsverket, 2013). An improved lake water 
quality is a benefit the ecological status in the lake, recreational activity and use of ecosystem 
services in lakes. The removal of nutrients from lake may cause shifts and improve the 
ecological status in surface water. Use of fish is correlated to redistribution of nitrogen and 
phosphorus, whereas it is important to illuminate the potential risk of  nutrients re-entering the 
system. It is vital that nutrients reduced are permanently removed and the return of nutrients is 
prevented to maintain a good ecological status. Depending on disposal method, nutrients may 
be recycled and used in other biological systems. Consumers benefit from the nutrients if fish 
is eaten, but they will eventually leave the body and enter the sewage water system. Since 
untreated sewage water is on of the external point sources of nutrients in lakes and seas 
(Naturvårdsverket, 2003), treatment of waste water is important to prevent lakes from re-enter 
a eutrophicated state. The use of biogas is not connected to water pollution, but the by-product 
bio fertilizer is. Bio fertilizer may leak into surface waters from agricultural land, whereas 
they cause eutrophication or acidification (Lantz & Börjesson, 2010). Pollution from 
incineration may also contribute to decreased status of water bodies (Linköpings kommun, 
2013). Disposal and use of fish is directly linked to redistribution of nutrients. Before using 
any disposal method, the re-generation of nutrients into each lake must be further 
investigated. 
 
5.2. Sustainability of fish use 
The most common use of fish from previous reduction fishing projects were for human 
consumption, animal feed, or as substrate for biogas production. For some of the previous 
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projects, no management or area of use was stated which also was the case for many of the 
projects conducted abroad. In this study, four handling methods for reduction fish waste were 
investigated, namely using bream and roach as food, for animal feed, for biogas production 
and incineration. The incineration option was added due to the possibilities of a fast and cost 
effective solution in the area of Östergötland.  

5.2.1. Food 
The use of roach and bream from reduction fishing, for human consumption goes along with 
the European and Swedish waste management plans, as waste from reduction fishing can be 
prevented. The SWOT-analysis indicated more weaknesses and threats with the use of bream 
and roach as food, but there were equally many strengths and possibilities as well. The use of 
local fish as food can be regarded as both environmentally and resource efficient since it can 
reduce the use of imported fish, and thereby reduce pollution from transport (Annadotter et 
al., 2013). Bream and roach are both edible and it was used both in Swedish traditional 
cuisine. It is eaten by some ethnical groups today, however a cultural resistance towards both 
species is then due to the bony constitution. In addition, import of other fish species have 
resulted in an underuse of native fishes, especially bream. The huge resistance towards using 
these species indicates that the prospects for a market is limited. Roach and bream can 
become a sustainable option to imported fish if the strict context of what is considered as food 
is reconsidered (Hjerpe et al., 2013). EU regulations put pressure on the fishermen since fish 
in the market must meet strict standard. Premade products such as fish patties, as in the 
Finnish reduction fishing project (Vilt- och fiskeriforskningsinstitutet, 2014b), may be a way 
to go around the problem. As the demand for ready to go products increase, processed fish 
product could gain popularity over time. The price of the rough fish in Finland increased as 
they were turned into patties, which can indicate an added value for processed products. Such 
fish processing business would rely on continuous supplies of fish. However, the supply of 
roach and bream from reduction fishing is seasonal, since the fishing is conducted in the 
spring or in the autumn. Moreover, the issue of potential toxins and heavy metals, such as 
methylmercury, in roach and bream must be eliminated if such business is started (Annadotter 
et al., 2013). 
 
All fishmongers interviewed could consider to either start or increase their trade with roach 
and bream if there were a higher demand from customers. To increase the interest for rough 
fish, marketing of fish products and education could lead to a change in perception towards 
using bream and roach. Consumers fish guides could incorporate bream in their list of 
approved fish stock and raise the consumer awareness and demand for bream. To use fish 
from reduction fishing as food, does not represent a sustainable area of use today, both due to 
the cultural resistance and lack of economical viability. 

5.2.2. Animal feed 
Recycling of protein and nutrients into animal feed is a method to prevent waste to 
accumulate. This can be regarded as environmentally efficient since local fish could replace 
the use of marine fish stocks (Annadotter et al., 2013). Fish from reduction fishing used as 
feed for fur farming and as fish bait has indicated to be promising (Hamrin, 1999). In Lake 
Ringsjöarna project (Hamrin, 1999) and in the Finnish reduction fishing project, fish was used 
for mink and fox. Most mink farms in Sweden, are located in the southern counties, Blekinge 
and Skåne (Hedfors, 2010), which could be ideal for use of reduced fish. Because such farms 
are absent in Östergötland, the possibility to use fish for this purpose in the area can be ruled 
out, unless such businesses are initiated.  
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In the area of processed animal feed, fish is and have been a suitable source of protein, but the 
use of fish in Swedish production is limited to fish meal. Since the local feed producers could 
not be interviewed in this study, the feed option should not be ruled out until investigated 
further. What was gathered from one of the local feed producers is that they use a limited 
amount of fish meal in their product. Currently Sweden does not have a fish meal production 
industry today, and hence fish meal must be produced abroad. However, nutrient recycling 
from fish from reduced rough fish may be an environmentally viable resource since it limits 
the use of other fish species for meal production (FAO, 2010; Nationalencyclopedien, 2014a). 
Increasing price of fish meal on the global market could lead to future demand for local 
protein source where the lake fish could be an optional protein source, if the fish meal is not 
eliminated as a product in feed. Today, the demand for such a product is unknown. Locally 
produced fish meal also require a start up capital for a new business and competition from 
existing fish meal producers such as Denmark and Norway, may cause additional economic 
competition. It is likely that the start up expenses for a fish meal factory today are too high 
compared to the low demand for fish meal product at a national level. The decline in use of 
fish as a source of protein in animal feed and the closed fish meal factory in Ängelholmen are 
both indicators for an unviable business investment.  
 
Since the feed area includes a broad spectrum of feed types, roach and bream can serve as bait 
fish. All fishmongers thought of roach as possible fish bait and at least two fishmongers 
already sold the bait because of consumer demand. However, fish for crayfish bait is limited 
to the crayfish season in autumn. Since reduction fishing is conducted during one period in 
the spring and one period in the autumn, only the autumn catch could serve as bait, unless the 
spring catch is frozen and stored during summer. The long term economic viability of such a 
fish bait market must be further investigated in order to determine the present market factors. 
The SWOT analysis indicated that there are more weaknesses and threats with fish for feed 
production than strengths and opportunities in this area. The bait is environmentally and 
resource efficient, has a possible economical viability today and is accessible. The major 
concerns are the present market and the seasonal fluctuations of the demand for this product.   

5.2.3. Biogas  
Using fish for biogas production is a way to recover energy and recycle nutrients for crop 
production. The environmental impact of biogas is said to be close to zero or even negative 
(Tekniska Verken, 2014), however the efficiency of this resource can not be regarded as 
optimal since fish as waste can be prevented particularly as both bream and roach are 
potentially edible. If a potential food source is used for biogas production it is an ethical issue 
that must be considered in the sustainability discussion. The fact that nutrients are recycled in 
the bio-fertilizer, and these can be used for crop cultivation, may limit the ethical standpoint. 
However, as bio-fertilizer from biogas production is a possible cause for eutrophication in 
lakes, suppression of external nutrient inflows to water bodies and seas must be prevented 
(Søndergaard et al., 2008; Jeppesen et al., 2012). Positive aspect of the use of rough fish as 
biogas substrate is the increasing demand for pollution free, renewable energy sources in 
rapidly expanding cities.  
 
The SWOT analysis indicated more benefits and opportunities than threats and weaknesses 
for the use of fish for biogas production. The biogas plant in Linköping has the capacity to use 
large amount of substrate today. The biogas option can be regarded as suitable waste disposal 
method, since fish have shown to be a potential substrate. As long as the fish is ground the 
proper way before delivered to the biogas plant, this is a feasible method. Costs involved with 
the pre-treatment are unknown, and an approximate fee for 162 tonnes of the fish would be 
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32400 sek. This disposal option would thereby require more investment capital for a project 
of this kind, along with the already existing costs for fishing, equipment and transportation. 
The overall sustainability and social benefits of this expensive technique is said to depend on 
how the environmental aspects such as decreased CO2 emissions (Karlsson et al., 2012) and 
mining of juvenile phosphorus are valued compared to the economical condition (Ekvall & 
Malmheden). This indicated that the technique may be sustainable if the environmental 
aspects are overpriced, despite the weaknesses in an economical perspective. 

5.2.4. Incineration 
Through incineration, some of the energy in the fish can be recovered and transferred to heat 
and electricity. There are few real threats to the business at Gärstadverken as it seems today 
because it allows an easy way to dispose of large quantities of waste with a limited 
environmental impact. The technique enabled a fast and accessible disposal and seem to be a 
economically viable alternative (Ekvall & Malmheden, 2012). SWOT indicates that there are 
less weaknesses and threats to this disposal method. Although the incineration plant in 
Linköping is a functional business that generates locally produced heating and electricity and 
is fairly pollution free, incineration of possible food sources with proteins and nutrients can be 
a controversial. Incineration of fish is not an efficient use of a biological resource since there 
are other types of waste that are more suitable. Particles not caught in the purification process 
after incineration may potentially pollute nearby water bodies the river Stångån and Lake 
Roxen, which does not go along with a environmental efficiency nor the European water 
framework directive (European Community, 2000). Since waste fish from reduction fishing 
can be recycled and even reduced by consumption, incineration of fish is not a sustainable 
alternative. All resources should be used efficiently, incineration does not live up to that, 
unless fish is contaminated with harmful substances and have to be disposed off.  
 
5.3. Overall discussion and future research  
Reduction fishing is a lake restoration method that is both environmental friendly and cost 
effective (Gołdyn et al., 2014; Sandström, 2011). Tonnes of roach and common bream can be 
removed from eutrophic lakes. According to the Swedish waste management plan and the 
European waste hierarchy, recycling of the nutrients through consumption should be 
prioritized since waste is prevented. The biogas alternative is an accessible way to recycle the 
nutrients as well as dispose of large quantities of biological waste in the county of 
Östergötland. The same goes for the incineration option, except it involves loss of nutrients. 
Still, there are ethical aspects to consider when disposing of unwanted fish as it constitutes a 
vital nutrient resource. Both the incineration technique and biogas production are based on a 
human need for energy for heating, electricity or as a fuel (Gomiero et al., 2010). The 
question whether a particular fish meets food standards and can be justified as a substrate for 
energy production is controversial. The most sustainable solution to the problem with large 
quantities of fish would be an option where the use of the fish resulted in a economical benefit 
along with societal and environmental aspects. A long term solution that yields money in the 
end and could cover the expenses for lake restoration and reduction fishing project, along with 
a social and environmental sustainability would be the best option. No such option could be 
established in this study, however the two possible solutions that could bring in money to the 
project are fish for human consumption and animal feed, provided there is a demand for roach 
and bream. Today, the biogas alternative is the most efficient way to dispose off large 
quantities of fish from reduction fishing due to the many strengths and opportunities and few 
weaknesses and threats in the business. Biogas production as a disposal method has been used 
in both Lake Vallentuna project (Tengelin, 2013a) and in Östhammarsfjärden project 
(Sandström, 2011), which indicates that the option is previously accepted. Until the local use 
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of rough fish as food or feed is established in the market, biogas and fish as crayfish bait is the 
best option that Östergötland has to offer.  
 
In this study, the SWOT contributed to a business analysis of each possible disposal method. 
The SWOT analysis is a limited business evaluation tool that only allows small scale analysis 
of a business or a project. The positive and negative aspects found in the SWOT may also 
have different long term effects. A weaknesses or threat may e.g. have little effect on the 
progress of a project if it can be eliminated. This makes the analysis more of a tool for advice 
than a pointed out strategy. The SWOT analysis does point out possible business aspects of 
the four disposal methods but will not contribute to any analysis of the sustainability criteria. 
Neither does it account for all possible aspects of the business. An additional sustainability 
analysis was necessary to conduct in this study since the SWOT does not handle sustainability 
issues. The SWOT and the sustainability analysis are two separate tools that evaluate disposal 
methods in two different levels. SWOT finds the overall chances of success in the society and 
how to work on a strategic disposal plan while the sustainability analysis deals with other 
criteria. The two analysis's may create contradicting issues since strategy in a business 
perspective might be less important in a sustainable perspective. The difficulties with 
evaluation of sustainability creates a need for a determined sustainability framework to work 
within. The dialogue created between the three aspects environment, society and economy can 
indeed point towards sustainability aspects of a issue (Nationalencyclopedien, 2014b), but 
scientific research needs structure and delimits to function, whereas the difficulties of 
sustainability evaluation reoccur. It may be difficult to perform a strong sustainability analysis 
since sustainability factors have to be carefully defined (George, 1999). The use of the waste 
hierarchy and Swedish waste management plan as a measure of sustainability was a suitable 
method for this study since fish from reduction fishing often is treated as waste. However, 
environmental, societal and economical aspects could have been defined further in order to 
achieve a stronger analysis.  
 
The aim of the project was to, on behalf of Länsstyrelsen in Östergötland, find the most 
sustainable disposal of roach and bream from reduction fishing projects in Östergötland. This 
study has indeed investigated a wide array of different aspects concerning eutrophication and 
sustainability of fish disposal, but the width resulted in a rather inconclusive study. Even 
though the study is based on a broad context, additional usage areas can be investigated. 
Delimits made leaves the research question only partially answered since not all possible 
usage areas are evaluated for its management and sustainability. The results from this study 
may be used by Länstyrelsen Östergötland to plan for a more viable and sustainable 
management of fish from future reduction fishing projects. The scale and possibilities for fish 
disposal from each individual lake is vital to address if a future, large scale resource 
management of fish is to be reality. Transportation of fish and other practicalities may cause 
difficulties not yet considered. The few examples of reduction fishing in Swedish lakes lay the 
foundation to an extended research in the area of reduction fishing. The Finnish research 
institute continues its work for evaluation of the possibilities for a sustainable management 
and the commercial use of fish such as the bream and roach products (Vilt- och 
fiskeriforskningsinstitutet, 2014b). If reduction fishing is to become a successful restoration 
method in Sweden, further research on the handling of the catch must be conducted. A large 
scale investigation such as the one in Finland, does not exist in Sweden but could contribute 
to a better fish management in all parts the country. For a more in-depth evaluation of 
sustainability of reduction fishing in Östergötland, each specific restoration project must be 
further studied. Several aspects, such as transportation, limitation of external nutrient sources, 
costs and fish management, have to be taken into account. The use of fish from reduction 
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fishing as a potential food source for zoo-animals or for fish cultivation in Östergötland are 
both possible solutions yet to be considered. Further studies on human fish consumption are 
advisable to follow up the issue on the present under-use of less appreciated fish species such 
as roach and common bream for cooking. 

6. Conclusions   
The interest for reduction fishing as a lake restoration method in lakes in Östergötland is 
increasing. There are great possibilities for reduction fishing in five of the most eutrophic 
lakes based on the predicted amount of cyprinid fish per hectare. Between 100 to 200 tonnes 
of fish could be removed from the lakes and the removal of the fish should correspond to ca. 
five to eight tonnes of nutrients from the lakes. The impact of nutrient reduction on the lake 
status is yet to be investigated. The most viable disposal of the catch in Östergötland is 
through anaerobic digestion for biogas production or a small amounts used as fish bait. 
However, the most sustainable management and use would be an increased use of roach and 
bream for human or animal consumption to reduce waste and directly recycle the nutrients the 
fish contains. Due to the present business situation in Östergötland and a huge cultural 
resistance towards cyprinid fish for cooking purposes, marketing and processing of fish could 
be suitable activities to increase the overall interests for the species and a sustainable 
management of bream and roach from reduction fishing project.  

7. Acknowledgements 
Regarding this project, I want to thank: Lars-Erik Larson at Länsstyrelsen Östergötland for 
coming up with the project idea and letting me conduct this project for Länsstyrelsen 
Östergötland; my supervisor Joyanto Routh, Linköping University; evaluator Teresia 
Svensson, Linköping University; Patrik Aronsson, Svensk Biogas; Bruno Nilsson, Västervik 
Biogas AB; Niclas Bäckman and Mathias Ibbe, Länsstyrelsen Östergötland; Louise 
Ahlenbrandt, Östgötamat AB; Jesper Lindström at Institutet för Livsmedel och Bioteknik AB; 
and fishmongers in Östergötland.  

8. References 
Annadotter, H., Forssblad, J. & Hagenrud K., 2013: Utveckling av fångstmetoder och vård av fisksamhället i 

Finjasjön 2012–2013. (Rapport 2013-08-v01). Regito AB, Vittsjö. 
 
Avfallsutredningen., 2012: Mot det hållbara samhället – resurseffektiv avfallshantering. (SOU 2012:56). 

Stockholm, Miljödepartementet.  
 
Backa. L., 2012: Braxen ger jobb i Nykarleby.[http://svenska.yle.fi/artikel/2012/08/15/braxen-ger-jobb-i-

nykarleby]. 5 May 2014.  
 
Backer, L.C., McNeel, S.V., Barber, T., Kirkpatrick, B., Williams, C., Irvin, C., … & Cheng, Y-S., 2010: 

Recreational exposure to microcystins during algal blooms in two California lakes. Toxicon 55, 909–921. 
 
Becker, W., Darnerud, P.O., & Petersson-Grawé, K., 2007: Fiskkonsumtion - Risk och nytta. (Rapport nr 

12/2007). ISSN 1104-7089. Uppsala, Livsmedelsverket.  
 
Biogasportalen., 2014a: Från Råvara till användning.[http://www..se/FranRavaraTillAnvandning]. 29 Apr 2014.  
   
Biogasportalen., 2014b: Miljö och samhälle. 

[http://www.biogasportalen.se/FranRavaraTillAnvandning/MiljoOchSamhalle]. 29 Apr 2014.  
 
Brady, M. & Waldo, S., 2008: Att vända skutan – ett hållbart fiske inom räckhåll. Rapport till Expertgruppen för 

miljöstudier 2008:1. Stockholm, Regeringskansliet.  
 



 

 29 

Brundtland Commission., 1987: Report of the World Commission on Environment and Development: Our 
Common Future. Oxford, Oxford University press.  

 
Bryman, A., 2001: Samhällsvetenskapliga metoder. Liber, Malmö.  
 
Brännlund, R., Nilson, I. & Söderholm, P., 2010: Samhällsekonomiska värden av olika miljöeffekter vid ett ökat 

utnyttjande av biogas. Underlagsrapport till utredningen Förslag till sektorövergripande biogasstrategi. 
(Rapport ER 2010:14). Luleå, Tekniska högskolan.  

 
Brönmark, C. & Hansson, L-A., 2005: The biology of lakes and ponds. 2nd ed. Oxford University Press, Oxford.  
 
Carlsson, M. & Uldal, M., 2009: Substrathandbok för biogasproduktion. (Rapport SGC 200). Malmö, Svenskt 

Gastekniskt Center. 
 
Carlstein, M., 2012: Förstudie avseende förutsättningar att  med reduktionsfiske biomanipulera  sjösystemet 

Trummen, Växjösjön, S. & N. Bergundasjöarna i Växjö kommun. Leksand, F.A.S.T. - Fiskeresursgruppen. 
 
Carpenter, S.R. & Kitchell, J.F., 1988: Consumer Control of Lake Productivity. BioScience 38, 764-769.  
 
Carpenter, S.R., Kitchell, J.F., & Hodgson, J.R., 1985: Cascading Trophic Interactions and Lake Productivity. 

BioScience 35(10), 634-639. 
 
Carpenter, S.R., Cole, J.J., Kitchell, J.F. & Pace, M.L., 2010: Trophic Cascades in Lakes: Lessons and Prospects. 

In J. Terborgh and J.A. Estes. (eds). Trophic Cascades - Predators, Prey and the Changing Dynamics of 
Nature.  Island Press, Washington D.C. 21-36 pp.  

 
Carvalho, L., McDonald, C., de Hoyos, C., Mischke, U., Phillips, G., Borics, G., … & Cardoso, A.C., 2013: 

Sustaining recreational quality of European lakes: minimizing the health risks from algal blooms through 
phosphorus control. Journal of Applied Ecology 50, 315–323. 

 
Chapman, A., 2014: SWOT analysis. [http://www.businessballs.com/swotanalysisfreetemplate.htm]. 22 May 

2014. 
 
Chorus, I. & Bartram, J. (eds.), 1999: Toxic Cyanobacteria in Water: A guide to their public health 

consequences, monitoring and management. London, E & FN Spon.  
 
COM(2001) 264. Commission communication 'A Sustainable Europe for a Better World: A European Union 

Strategy for Sustainable Development’. Brussels, Commission of the European communities.  
 
Coman, A., & Ronen, B., 2008: Focused SWOT: diagnosing critical strengths and weaknesses. International 

Journal of Production Research 47, 5677-5689.  
 
Dahlström, J., Eskilsson, K., Gredegård, S., Molander, C & Wejdema, K., 2011: Jordbruksverkets foderkontroll 

2010. (Rapport 2011:16), Jönköping, Jordbruksverket.  
 
Directive 2008/98/EC OJ. L 312, p.1 of 19.11.2008. Directive number 98 of 2008, Official Journal of 22 

November 2008, L 312, 3-30.   
 
Ekman, S., 2011: Konkurrensen på fodermarknaden. (Rapport 2011:22). Jönköping, Jordbruksverket.  
 
Ekvall, T. & Malmheden, S. (red.)., 2012: Hållbar Avfallshantering - Populärvetenskaplig sammanfattning av 

Naturvårdsverkets forskningsprogram. (Rapport 6523 Oktober 2012). Bromma, Naturvårdsverket.  
 
Elwinger, K., 2013: Fodermedel och foder till värphöns och slaktkycklingar. Uppsala, Sveriges 

Lantbruksuniversitet, Institutionen för husdjurens utfodring och vård.  
 
Eriksson, J., 2013: Fishing in inland waters by commercial fishermen in 2012. Preliminary data. (Statistical 

report JO 56 SM 1301). Stockholm, Havs- och vattenmyndigheten. 
 

 



 

 30 

Eriksson, O., Carlsson Reich, M., Frostell, B., Björklunda, A., Assefaa, G., Sundqvist, J.-O., … & Thyselius L., 
2005: Municipal solid waste management from a systems perspective. Journal of Cleaner Production 13, 241–
252. 

 
European Commission Joint Research Centre., 2006: SWOT (Strengths Weaknesses Opportunities and Threats) 

Analysis. European Commission. [http://forlearn.jrc.ec.europa.eu/guide/2_design/meth_swot-analysis.htm]. 14 
May 2014.  

 
European Community, 2000: Directive 2000/60/EC of the European Parliament and of the Council of 23 

October 2000 establishing a framework for Community action in the field of water policy. Official Journal of 
the European Union L327 (22), 1–73. 

 
FAO., 2010: The State of World Fisheries and Aquaculture 2010. Rome, FAO. 1-195. 
 
GAIN (GlobalAgriculture InformationNetwork), 2007: People's Republic of China—FisheryProducts Annual 

2007. USDA Foreign Agricultural Service, GAIN Report No. CH7094, 12/31/2007. 33 pp. 
 
George, C., 1999: Testing for sustainable development through environmental assessment. Environmental 

impact assessment review 19, 175–200. 
 
Gołdyn, R., Podsiadłowsk, S., Dondajewska, R. & Kozak, A., 2014: The sustainable restoration of lakes - 

towards the challenges of the Water Framework Directive. Ecohydrology and  Hydrobiology. (2014), 
[http://dx.doi.org/10.1016/j.ecohyd.2013.12.001].  

 
Gomiero, T., Paoletti, M.G. & Pimente., 2010: Biofuels: Efficiency, Ethics, and Limits to Human Appropriation 

of Ecosystem Services. Journal of Agricultural and Environmental Ethics 23, 403–434. 
 
Göteborgs fiskauktioner., 2014. Prisnoteringar - fiskhamnsrapport 2014-04-08. 

[http://www.gfa.se/prisnotering.html]. 9 Apr 2014.  
 
Hamrin, S.F., 1999: Planning and execution of the fish reduction in Lake Ringsjön. Hydrobiologia 404, 59-63.  
 
Hansson, L-A. 2008. Biomanipulering som restaureringsverktyg - kunskapssammanställning för limniska och 

marina system in Kan Östersjön restaureras? – Utvärdering av erfarenheter från sjöar. (Rapport 5860). 
Bromma, Naturvårdsverket.  

 
Hansson, L-A., Annadotter, H., Bergman, E., Hamrin, S.F., Jeppesen, E., Kairesalo, T.,… Strand, J., 1998: 

Biomanipulation as an application of food-chain theory: constraints, synthesis, and recommendations for 
temperate lakes. Ecosystems 1, 558–574. 

 
Havs- och Vattenmyndigheten, 2012: Återrapportering av anslag 1:12 Åtgärder för havs- och vattenmiljöer. 

(Dnr: 1-2013). 1-53.  
 
Havsmiljöinstitutet., 2014: Hur mycket fisk vi äter och varifrån den kommer. 

[http://www.havsmiljoinstitutet.se/hav-och-samhalle/fiskkonsumtion/]. 1 May 2014.  
 
Hedfors, A., 2010: Svenska minkfarmer bryter mot djurskyddslagen. 

[http://www.svt.se/nyheter/sverige/svenskaminkfarmer-bryter-mot-djurskyddslagen]. 14 May 2014. 
 
HELCOM., 2011: HELCOM Activities 2010 Overview. (Baltic Sea Environment Proceedings No.127). Helsinki, 

The Helsinki Commission. 
 
HELCOM., 2013: Activities Report 2012. (Baltic sea environment proceedings no. 134). Helsinki, HELCOM 

Secretariat. 
 
Hjerpe, K., Markensten, T., Pearsson., M., Rundberg, B., Lundström A., Rydberg I., … & Nilsson, K., 2013: 

Hur liten kan livsmedelskonsumtionens klimatpåverkan vara år 2050? – ett diskussionsunderlag om vad vi 
äter i framtiden. Livsmedelsverket, Jordbruksverket, Naturvårdsverket. 

 



 

 31 

Holtan. H., Kamp-Nielsen, L. & Stuanes. A.O., 1988: Phosphorus in soil, water and sediment: an overview. 
Hydrobiologia 170, 19-34.  

 
Horppila, J., Peltonen, H., Malinen, T., Luokkanen E. & Kairesalo T., 1998: Top-down or bottom-up effects by 

fish: issues of concern in biomanipulation of lakes. Restoration Ecology 6, 20–28.  
 
Jacobsson, A.S. & Solvika, R., 2010: Svenska matfiskars och skaldjurs historia. Stockholm, Rajoli.  
 
Jeppesen, E. & Sammalkorpi, I., 2002. Lakes, p. 297-324. In M. Perrow and T. Davy [eds.], Handbook of 

Restoration Eclogy (Vol 2). Cambridge, University Press.  
 

Jeppesen, E., Jensen, J.P., Søndergaard, M., Lauridsen, T. & Landkildehus, F., 2000: Trophic structure, species 
richness and biodiversity in Danish lakes: changes along a phosphorus gradient. Freshwater Biology 45, 201–
218. 

 
Jeppesen, E., Jensen, J.P., Søndergaard, M., Lauridsen, T., Junge Pedersen., L & Jensen, L., 1997: Top-down 

control in freshwater lakes: the role of nutrient state, submerged macrophytes and water depth. Hydrobiologia 
342/343, 151–164. 

 
Jeppesen, E., Søndergaard, M.,. Lauridsen, T., Davidson, T., Liu, Z., Mazzeo, N., … & Meerhoff., 2012: 

Biomanipulation as a Restoration Tool to Combat Eutrophication: Recent Advances and Future Challenges. 
Advances in Ecological Research 47, 411-488.  

  
Jokinen, H. & Reinikainen, M., 2011: Potential ecological effects of cyprinid reduction fishery in Pikkala Bay. 

Project report. University of Helsinki, Faculty of Biological and Environmental Sciences. 
 
Jordbruksverket., 2014a: Förbränningsanläggning. 

[http://www.jordbruksverket.se/amnesomraden/djur/produkterfrandjur/anlaggningar/forbranningsanlaggning.4
.6f9b86741329df6fab48000866.html]. 7 May 2014.  

 
Jordbruksverket., 2014b: Förbud mot att utfodra med animaliskt protein. 

[http://www.jordbruksverket.se/amnesomraden/djur/sjukdomarochsmittskydd/smittsammadjursjukdomar/tse/f
oderbestammelser.4.6a459c18120617aa58a80002202.html]. 7 May 2014. 

 
Jordbruksverket., 2014c: Ny dom underlättar för musselodling. 

[http://www.jordbruksverket.se/pressochmedia/nyheter/nyheter2013/nydomunderlattarformusselodling.5.425b
011913efa70e20ef53.html]. 7 May 2014. 

 
Kafle, G.K., Kim, S.H. & Sung, K.I., 2013: Ensiling of fish industry waste for biogas production: A lab scale 

evaluation of biochemical methane potential (BMP) and kinetics. Bioresource Technology 127, 326–336.  
 
Karlsson, M., Malmeus, M., Baresel, C., Sivard, Å., Ericsson, T. & Grahn, O., 2012: Kostnadseffektivitet i 

åtgärder mot  övergödning i Östersjön - Fallstudie Gävle fjärdar. (IVL Rapport B2078). Stockholm, Svenska 
Miljöinstitutet.  

 
Kuiper-Goodman, T., Falconer, I. & Fitzgerald, J., 1999: Chapter 4. Human Health Aspects. In Chorus, I. & 

Bartram, J. (eds.). Toxic Cyanobacteria in Water: A guide to their public health consequences, monitoring and 
management. London, E & FN Spon. 125-160 pp. 

 
Lantmännen., 2012: Råvaror. Gårdsmagasinet augusti 2012, 34 pp. 
 
Lantz, M. & Börjesson, P., 2010: Kostnader och potential för biogas i Sverige. Lund, Lunds tekniska högskola, 

Institutionen för teknik och samhälle - Avdelningen för miljö- och energisystem.  
 
Lindquist, A., Ackefors, H., Hansson, S., Järvi, T. & Alriksson, A., 2004: Fiskar och fiske i Sverige. Stockholm, 

Kungl. Skogs- och Lantbruksakademien (KSLA). 
 
Linköpings kommun., 2013: Miljökonsekvensbeskrivning (MKB) – tillhörande detaljplan i Linköping för 

Rystads-Gärstad 12:2 m.fl. (Gärstadområdet). (Granskningshandling Dnr. Sbn 2011-461). Linköping, 
Linköpings kommun - Miljö och samhällsbyggnadsförvaltningen.  



 

 32 

 
Långvik, A-S., 2009: Fiskare i Vexala gör braxen populär. [http://svenska.yle.fi/artikel/2009/07/20/fiskare-i-

vexala-gor-braxen-popular]. 8 May 2014.  
 
Länsstyrelsen Östergötland., 2010: Miljömål i Östergötland: Här är vi nu - mål i sikte 2010. (Rapport nr: 

2011:6). Linköping, Länsstyrelsen Östergötland.  
 
Länsstyrelsen Östergötland., 2014a: Algblomning. [http://www.lansstyrelsen.se/ostergotland/Sv/miljo-och-

klimat/vatten-och-vattenanvandning/hot-mot-vatten/Pages/algblomning.aspx]. 14 Jan 2014. 
 
Länsstyrelsen Östergötland., 2014b: Sjöar och vattendrag i Östergötland. Retrieved  at 

[http://www.lansstyrelsen.se/ostergotland/Sv/djur-och-natur/friluftsliv/ostergotlands-natur/sjoar-och-
vattendrag/Pages/index.aspx]. 6 Mar 2014.  

 
McNutt, K., 1991: SWOT - before you start. Nutrition today, Jan-Feb issue, 48-51.  
 
Meijer, M.L., de Boois, I., Scheffer, M., Portielje, R. & Hosper, H., 1999: Biomanipulation in shallow lakes in 

the Netherlands: an evaluation of 18 case studies. Hydrobiologia 409, 13–30. 
 
Miljödepartementet., 2012: Svenska miljömål – preciseringar av miljökvalitetsmålen och en första uppsättning 

etappmå (Ds 2012:23). Stockholm, Regeringskansliet. 
 
Miljödepartementet., 2014: Hållbar utveckling. [http://www.regeringen.se/sb/d/1591]. 14 Apr 2014.  
 
Miljömålsportalen., 2014. Ingen Övergödning - Når vi Östergötlands läns miljömål?.  

[http://www.miljomal.se/Miljomalen/Regionala/Regionalt/?eqo=7&t=Lan&l=5]. 10 Apr 2014. 
 
Nationalencyclopedien., 2014a: Fiskmjöl. [http://www.ne.se/fiskmj%C3%B6l]. 6 Mar 2014.  
 
Nationalencyclopedien., 2014b: Hållbar utveckling. [http://www.ne.se/h%C3%A5llbar-utveckling]. 14 Apr 

2014.  
 
Naturvårdsverket., 2003: Miljökvalitetsnormer för fosfor i sjöar - Redovisning av ett regeringsuppdrag.(Rapport 

5288). Bromma, Naturvårdsverket.  
 
Naturvårdsverket., 2013: Miljömålen: Årlig uppföljning av Sveriges miljökvalitetsmål och etappmål 2013. 

(Rapport 6557). Bromma, Naturvårdsverket.  
 
Nyström, I., 2009: Svedjefinnarnas matkultur - Påverkar den oss än idag? Mälardalens högskola. 

Västerås/Eskilstuna, Högskolan.  
 
Nässjö kommun., 2014: Restaurering av Ryssbysjön. [http://www.nassjo.se/Specialsidor/Aktuella-

projekt/Restaurering-av-Ryssbysjoen]. 12 May 2014.  
 
Olin, M., Rask, M., Ruuhijärvi, J., Keskitalo, J., Horppila, J., Tallberg, P., … & Sammalkorpi, I., 2006: Effects 

of biomanipulation on fish and plankton communities in ten eutrophic lakes of southern Finland. 
Hydrobiologia 553, 67–88. 

 
Parkin, S., Sommer, F. & Uren, S., 2003: Sustainable development: understanding the concept and practical 

challenge. Engineering Sustainability 156, 19-26. 
 
Persson, A.. 1995: Phosphorus release by fish in relation to external and internal load in a eutrophic lake. 

Limnology and oceanography 42, 577–583. 
 
Persson, G. & Svensson, J-E., 2004: Kvantitativa djurplanktonundersökningar i Sverige - När, var, hur och 

varför?. (Rapport 2004: 21). Uppsala, Institutionen för miljöanalys, SLU.  
 
Regulation 178/2002/EC, OJ L 31, p. 7 of 1.2.2001. Regulation number 178 of 2001, Official Journal of 1 

February 2001, L 31, 1 -34.  
 



 

 33 

Regulation 1774/2002/EC, OJ L 273, p.1 of 10.10.2002. Regulation number 1774 of 2002, Official Journal of 10 
October 2002, L 273, 1-175.  

 
Regulation 1069/2009/EC, OJ L 300, p. 1 of 21.10.2009. Regulation number 1069 of 2009, Official Journal of 

14 November 2009, L 300, 1-33. 
 
Regulation 1379/2013/EC, OJ L 354, p. 1 of 11.12.2013. Regulation number 1379 of 2013, Official Journal of 

28 December 2013, L 354, 1-21.  
 
Rockström, J., Steffen, W., Noone, K., Persson, Å., Chapin, S. I., Lambin, E., … & Foley, J., 2009: Planetary 

boundaries: Exploring the safe operating space for humanity. Ecology & society, 14(2). 32. 
[http://www.ecologyandsociety.org/vol14/iss2/art32/]. 

 
Rosell, A., 2014: Slänger vi fisk och skaldjur i onödan? – handelsnormernas inverkan på matsvinn. (Rapport 

2014:3). Jönköping, Jordbruksverket.  
 
RVF., 2005: Utvärdering av storskaliga system för kompostering och rötning av källsorterat bioavfall - Bilaga 

1a: Teknisk utvärdering rötningsanläggningar. (Rapport 2005:06). Malmö, RVF.  
 
Salameh, E. & Harahsheh, S., 2011: Eutrophication Processes in Arid Climates, in A.A. Ansari., S.S. Gill., G.R. 

Lanza. & W. Rast. (eds). Eutrophication: Causes, Consequences and Control. Springer, New York. 69-90 pp.  
 
Sandström, O., 2011: Reduktionsfiske som metod för att minska övergödningen i Östhammarsfjärdarna. 

(Rapport 2011/2). Uppsala, Upplandsstiftelsen.  
 
SCB., 2013: Jordbruksstatistisk årsbok 2013, Chapter 17: Konsumtion av livsmedel. Örebro, SCB, enheten för 

lantbruksstatistik. 295-308 pp.  
 
Schindler, D.W., 1974: Eutrophication and Recovery in Experimental Lakes: Implications for Lake 

Management. Science 184(4139), 897-899. 
 
Setälä, J., 2011: Mat, foder och bioenergi av mörtfiskar. Det nationella pilotprojektet. Branchseminarium för 

fiskerinäringen: Reduktionsfiske och bioenergi. Helsinki, Vilt- och fiskeriforskningsinstitutet.   
 
SFS. 2004:660., 2004: Förordning om förvaltning av kvaliteten på vattenmiljön. Stockholm, Miljödepartementet.  
 
SGC., 2012: Basdata om Biogas. Third ed. Malmö, Svenskt Gastekniskt Center.  
 
Skr. 2005/06:126.: Regeringens skrivelse 2005/06:126 Strategiska utmaningar – En vidareutveckling av svensk 

strategi för hållbar utveckling. Stockholm, Miljö- och samhällsbyggnadsdepartementet.  
 
Skr. 2009/10:213.: Skrivelsen Åtgärder för levande hav. Stockholm, Miljödepartementet.  
 
SMOFF (Styrelsen för Skunderns Miljö- Och FiskeFörening)., 2014: Projekt Skundern rapport 25 september 

2009. [http://www.smoff.se/skundernprojektet/rapporter/rapport-25-sep-2009.shtml] 12 May 2014.  
 
Svensk Biogas., 2014: Biogas. [http://www.tekniskaverken.se/sb/biogas/index.xml]. 29 Apr 2014.  
 
Swahn, J-Ö., 2003: Mathistorisk uppslagsbok. 2nd edition. Bromma, Ordalaget bokförlag.  
 
Swedish Environmental Protection Agency., 2012: Sweden's environmental objectives - An Introduction. 

Stockholm.  
 
Svensk Fågel., 2014: Svensk fågels policy om foder. [http://www.svenskfagel.se/?p=1061]. 7 May 2014.  
 
Søndergaard, M., Liboriussen, L., Pedersen, A.R. & Jeppesen, E., 2008: Lake Restoration by Fish Removal: 

Short- and Long-Term Effects in 36 Danish Lakes. Ecosystems 11, 1291–1305. 
 



 

 34 

Søndergaard, M., Jeppesen, E., Mortensen, E., Dall, E., Kristensen, P. & Sortkjær. O., 1990: Phytoplankton 
biomass reduction after planktivorous fish reduction in a shallow, eutrophic lake: a combined effect of reduced 
internal P-loading and increased zooplankton grazing. Hydrobiologia 200/201, 229-240. 

 
Tacon, A.G.J. & Metian, M., 2008: Global overview on the use of fish meal and fish oil in industrially 

compounded aquafeeds: Trends and future prospects. Aquaculture 285, 146–158. 
 
Tammi, J., Lappalainen, A., Mann, J., Rask, M. & Vuornemaa, J., 1999: Effects of eutrophication on fish and 

fisheries in Finnish lakes: a survey based on random sampling. Fisheries Management and Ecology 6, 173-
186. 

 
Tekniska Verken., 2011: Gärdstadsanläggningen - Energi ur avfall för miljöns skull. Linköping,  Tekniska 

verken AB.  
 
Tekniska Verken., 2012: Miljökonsekvensbeskrivning Förnyelse av Gärstadverket i Linköping. Linköping, 

Tekniska verken i Linköping AB.  
 
Tekniska Verken., 2013: Gärstadverket Teknisk beskrivning. [http://www.tekniskaverken.se/om-

oss/anlaggningar/garstadanlaggningen/framtidens-garstad/ansokan/bilaga-A-Teknisk-beskrivning.pdf]. 9 May 
2014.  

 
Tekniska Verken., 2014a: Positiv energi med kraftvärme. [http://www.tekniskaverken.se/komfort/vara-

fjarrvarmeorter/linkoping/]. 8 May 2014. 
 
Tekniska Verken., 2014b: Priser och avtal hushållsavfall Linköping. [http://www.tekniskaverken.se/avfall-

atervinning/priser-avtal/]. 8 May 2014. 
 
Tengelin, B., 2013a: Biomanipuleringsprojektet i Vallentunasjön. (Rapport Verksamhetsåren 2010-2012). 

Structor.   
 
Tengelin, B., 2013b: Sjörestaurering med hjälp av reduktionsfiske. Rapport. Linköping, Länsstyrelsen 

Östergötland.  
 
Tibblin, P., Larson, P-E., Gezelius, L., Hjälte, U., Holmstrand, L. & Ibbe. M., 2012: Plan för restaurering av 

värdefulla sötvattenmiljöer i Östergötland. (Rapport 2012:14). Linköping, Länsstyrelsen Östergötland.  
 
Tufvesson, L.M., Lantz, M. & Börjesson, P., 2013: Environmental performance of biogas produced from 

industrial residues including competition with animal feed e life-cycle  calculations according to different 
methodologies and standards. Journal of Cleaner Production 53, 214-223.  

 
United Nations., 2012: Back to Our Common Future: Sustainable Development in the 21st century (SD21) 

project - Summary for policymakers. New York, United Nations Department of Economic and Social Affairs, 
Division for Sustainable Development. 

 
United Nations., 2013: Global Sustainable Development Report – Executive Summary: Building the Common 

Future We Want. New York: United Nations Department of Economic and Social Affairs, Division for 
Sustainable Development. 

 
Vilt- och fiskeriforskningsinstitutet., 2014a: Braxen. 

[http://www.rktl.fi/svenska/fisk/fiskatlas/braxen/braxen.html]. 6 May 2014.  
 
Vilt- och fiskeriforskningsinstitutet., 2014b: Mörtfiskar blir biff och bioenergi. 

[http://www.rktl.fi/svenska/meddelanden/mortfiskar_blir_biff.html]. 22 Apr 2014.  
 
VISS, 2014: Om VISS. [http://www.viss.lansstyrelsen.se/About.aspx]. 1 Apr 2014. 
 
Västervik Miljö & Energi AB, 2014. Pressmeddelande: Biogas från Fisk. (Press release 2014-02-13) 

[http://www.vastervik.se/Vastervik-Miljo-och-Energi/Om-oss/Aktuellt/Nyheter-och-
pressmeddelanden/Pressmeddelande-Biogas-fran-fisk/]. 25 Apr 2014.  

 



 

 35 

Ward, A.J. & Løes, A-K., 2011: The potential of fish and fish oil waste for bioenergy generation: Norway and 
beyond. Biofuels 2, 375-387.  

 
Wetzel, R.G., 2001: Limnology - Lake and River Ecosystems. Third Edition. Academic Press, San Diego. 

Chapter 13: The phosphorus cycle, 239-288.  
 
World Bank., 2014: Sustainable Development Overview. 

[http://www.worldbank.org/en/topic/sustainabledevelopment/overview]. 14 Apr 2014. 
 
Wretman, T., 2008: Svensk Husmanskost. Stockholm, Forum.  
 
Ziegler, F., 2008: Delrapport fisk: På väg mot miljöanpassade kostråd. (Rapport 10 - 2008 ). Uppsala, 

Livsmedelsverket. 



 

 36 

Appendix 1 
 
Intervjufrågor - Fiskhandel 
(Interview questions - Fishmonger) 
 
Namn/kontakt:  
(Name/contact) 

1. Handlar ni med fiskarterna braxen eller mört? 

      (Do you sell the fish species bream or roach?) 

 - Om Ja, varifrån köps fisken och hur mycket i kg? 

 (If Yes, from what place do you buy the fish and how much in kg?) 

 - Om Nej, av vilka anledningar handlar ni inte med dessa fiskarter? 

(If No, why don't you sell these species?) 

2. Finns det idag ett intresse av mindre uppskattade fiskarter hos kunderna, såsom 

Braxen eller Mört? 

(Is there an interest for less appreciated fish species amongst the costumers, such as 

bream or roach?) 

3. Är det troligt att ni i framtiden kommer att handla med mindre uppskattade fiskarter, 

såsom Braxen eller Mört? 

(Is it probable that you will sell other kinds of  fish in the future that are not widely 

appreciated, such as bream or roach?) 

 - Om Ja/Nej, av vilken anledning? 

(If Yes/No, why?) 

4.  Skulle ni handla med dessa fiskarter om efterfrågan på dessa var större? 

(Would you sell these species if the demand for these were greater?) 

5. Om det fanns en kontinuerlig leverans av mindre uppskattade fiskarter, kunde ni tänka 

er att sälja dessa då? 

(If there was a continuous delivery of less appreciated fish species, would you 

consider to sell these?) 

6. Vad är er åsikt om dessa outnyttjade svenska fiskarter? 

(What is your opinion of these unexploited Swedish fish species?) 
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Appendix 2 

Intervjuguide - Biogasproducent 
(Interview guide - Biogas producer) 
 
Namn/kontakt:  
(Name/contact) 

 

1. Tar ni hand om animaliskt avfall, t.ex. fiskrester för produktion av Biogas? 

       (Do you take care of animal waste such as fish trimmings for your biogas production?) 

- Om Ja, Köper ni upp eller tar ni någon ersättning för att ta om hand om t.ex.  

fisk? 

(If Yes, do you buy or do you have a fee for taking care of e.g. fish?) 

- Om Nej, av vilka anledningar tar ni inte om hand fisk? 

(If No, why don't you take care of fish?) 

 

2. Är det troligt att ni i framtiden kan ta om hand stora mängder fisk som inte anses 

dugliga som livsmedel, efter så kallat reduktionsfiske? 

(Is it possible that you can  take care of large quantities of fish that is not suitable for 

food production, after reduction fishing, in the future?) 

 - Om Ja/Nej, av vilken anledning? 

(If Yes/No, why?) 

 

3. Hur sker transporten av substrat till biogasanläggningen? 

(How is the transportation of substrate to the biogas plant managed?) 

 - vem står för denna transport? 

(Who is responsible for the transportation?) 
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Appendix 3 
Answers from interviews with fishmongers 
Fishmonger  Q.1 Q.2 Q.3 
1 Yes, both roach and 

bream. About 2 
tonnes/yr from the East 
coast of Östergötland 
and inland lakes. 

Yes Yes, the demand 
 
 

2 No, neither roach or 
bream.  
 

No Maybe, if there is a 
demand for it 
 

3 Yes, but only during 
crayfish period when 
the demand for it 
increases as it serves as 
bait.  
 

In principle No. Due to 
the low demand when 
it is not crayfish 
season.   
 

No, most of the 
customers have no 
experience of these fish 
species, and there will 
be no demand.  
 

 
Fishmonger Q.4 Q.5 Q.6 
1 N.A. Absolutely, it is from 

those locations the fish 
comes today 

Swedes does not buy 
these fishes. Persons with 
a foreign origin does ask 
for the fish. It is the 
bones in the fish Swedes 
do not like. Roach serves 
as crayfish bait. 

2 Yes, maybe depending on 
popularity 

Doubtful 
 

Neither species are 
suitable as food since 
they contain too much 
bone. People from Poland 
have asked for the fish 
but the fish can most 
likely no be sold due to 
its bone content. 

3 Absolutely. The demand 
sets our selection 

If the consumers demand 
the product. There are no 
obstacles from the stores 
but we have to sell what 
we buy in and it is the 
customers that have to be 
informed and persuaded 
to buy the product. 

My personal opinion is 
that this is rough fish and 
there are other species I 
rather buy and when I 
fish - keep. It is a waste 
to dispose of a good 
protein source, and one 
way would be to use it as 
animal feed.  

 


