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Danish ﬁsh processing industry has been one of the pioneers regarding implementation of cleaner
production and environmental management systems. This article describes the experiences with cleaner
production (CP) among leading Danish industries producing pickled herring and canned mackerel. The
article emphasizes two case studies of ‘ﬁrst mover’ companies, but data from other ‘proactive’ companies
are also included.
The article provides an overview of different types of CP solutions, improvement potentials, synergistic
effects and possible trade-offs. The development of the applied solutions from the late 1980s until today
are analysed and recommendations to future strategies at company level and policy level are provided.
It is concluded that signiﬁcant environmental improvements have been obtained for the analysed
companies – especially concerning reductions in water consumption, wastewater emissions, and utilisation of ﬁsh ‘waste’ for valuable by-products. Still, more focus could be placed on the reduction of
energy consumption, change of packaging types, and environmental impacts in other stages of the
products life cycle.
Authorities and companies have mainly focused on on-site reductions of wastewater emissions, but life
cycle assessments show that more attention should be given to the reductions of environmental impacts
in other parts of the product chain, e.g. ﬁshing operations and transport as well.
Ó 2008 Elsevier Ltd. All rights reserved.
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1. Introduction
In the late 1980s, the Danish Environmental Protection Agency
(EPA) required that all ﬁsh processing industries should be connected to wastewater treatment plants, except for large plants that
were given the possibility of establishing separate treatment and
separate discharge of wastewater. Ultimately, the emission limits
would be the same as for the public wastewater treatment, but to
motivate the introduction of cleaner production, the EPA made it
possible to make a gradual change towards compliance. The idea
was that the companies should see how far they could get by means
of CP solutions, and then add end-of-pipe solutions, if necessary, at
a later stage rather than the other way around. Despite the general
focus on wastewater treatment in the late 1980s, authorities and
companies became convinced that cleaner production (CP) should
have ﬁrst priority in the ﬁsh processing industry [1,2].
The EPA’s ﬁrst programme for the promotion of cleaner
production was introduced in 1986 and lasted three years, but it
was replaced by another between 1990–93 and again from 1993–98
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[3]. During this period, at least 15 CP projects were conducted
related to ﬁsh processing, mainly within the pelagic segment of the
ﬁsheries (processing of herring and mackerel). One of the reasons is
that the processing of mackerel and herring often results in higher
emissions of organic matter – hence, higher levels of biological
oxygen demand (BOD) and chemical oxygen demand (COD). This is
because these species are gutted on land and because their oil
content is high [2]. Recent life cycle assessment (LCA) studies
conﬁrm that it is relevant to focus on the processing of herring and
mackerel – partly because the environmental impact potential is
generally larger compared to the processing of other species, but
also because other stages in the life cycle such as harvesting are
considered less important [4].
From the mid-1990s, two additional programmes were
launched that focused on environmental management systems
(EMS) and occupational health and safety. Several ﬁsh processing
industries beneﬁted from this and the ﬁrst EMS certiﬁcations
(EMAS and ISO 14001) in Denmark were actually obtained by ﬁsh
processing industries [3].
Considering the problems addressed by CP and EMS in the ﬁsh
processing industry, most attention has so far been given to the onsite improvements, in particular to the reduction of water
consumption and wastewater emissions. This has been motivated by
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signiﬁcant water costs and the introduction of gradually more
demanding emission limits for wastewater spurred by the lowering
of emission limits in the ﬁrst Action Plan for the Aquatic Environment
in 1987 [1–3]. From a public policy perspective, it appears that the
Danish strategy has changed from rather technically oriented CP
projects, to projects focusing on managerial aspects and continuous
improvements, towards life cycle thinking in the new millennium [3].
Hence, the approach has been characterised by:





Promotion of CP – instead of (or before) end-of-pipe solutions;
Focus on water input and wastewater output;
Focus on ‘on-site’ problems and solutions;
A shift from technical CP projects to a focus on organisational
aspects (e.g. EMS).

A signiﬁcant amount of literature about the Danish experiences
with CP exists especially concerning the options for technical
improvements. A key reference is made by Andersen et al. [5] who
provide a good overview of best practices of processing demersal
ﬁsh, shellﬁsh as well as pelagic ﬁsh (herring and mackerel). Two
important international reports have also been published by the
Nordic Council of Ministers and UNEP, respectively, which provide
an overview of cleaner production options in different types of ﬁsh
processing [6,7]. Both reports are partly based on data from
Andersen et al. [5]. A study of energy consumption and options for
energy improvements in the Danish ﬁsh processing industry is also
available by Matcon and Dansk Energi Analyse [8].
The Cleaner Technology group at Aalborg University has conducted several investigations in this ﬁeld as well [9–17]. Members
of the group have written the Danish equivalent to the best available technology (BAT) notes on this branch of industry [18].
This article provides an overview of the development in CP
solutions in two case companies (Section 3) and the development
in environmental indicators for ﬁve herring processing companies
over a 15-year period (Section 4). A number of studies exists which
describes CP solutions in other countries e.g. Refs. [19, 20]. But the
present article only addresess the experiences from Denmark.
2. Methodology
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Table 1
Company characteristics of cases A [21] and B [22]

Established
Number of
employees
Locality
Main product
types
Other products

By-products

Product volume
per year
Environmental
Management
System
Export markets

Saeby Fiske-Industri A/S (case A)

Erik Taabbel Fiskeeksport
A/S (Case B)

1947
150

1948
90

Saeby – Northern Jutland
Canned mackerel

Skagen – Northern Jutland
Pickled and sour herring
in barrels
Herring (salted, frozen
ﬁllet, matjes ﬁllet, and
herring roe)
Fish oil and ﬁsh waste
used for production of
ﬁsh meal and oil

Frozen Mackerel

Fish meal and oil (produced
on the premises)
Pet food
Fish waste used as fertilizer
100–300 million cans a year

Not publicly available

Management system based on
the principles of ISO 14001
(not certiﬁed)
Western Europe, US, Hong
Kong, and Australia.

ISO 14001
EMAS II
OHSAS 18001
Western Europe

interviews. Interviews were carried out in the year 2000 as part of
a project about innovation in the Danish food industry [13] and
again in 2006 as the basis of the present article [23–27].
Additionally, data from environmental approvals, other relevant
internal documents and from a previous study of inputs and
outputs have also been used [11,14]. The latter covers the inputs and
outputs for the period of 1989–97 and is mainly based on internal
documents and environmental permits as can be seen in Table 2.
The interviews in year 2000 were undertaken as part of a project
ﬁnanced by the Council of Northern Jutland, which focused on
environmental regulation, innovation and quality within the
Danish ﬁsh processing industry [13]. Apart from the empirical
studies, the article draws on experiences from previous studies of
the Danish CP programmes in relation to the ﬁsh processing
industry mainly within the pelagic segment [5,7] but also other
references from the Cleaner Technology Group mentioned
previously.

2.1. Scope of the study
The ﬁrst part of the analysis is based on a detailed case study of
two environmentally proactive ﬁsh processing companies within
the pelagic segment namely Saeby Fiske-Industri A/S (case A) and
Erik Taabbel Fiskeeksport A/S (case B). The company characteristics
are listed in Table 1.
For both companies, the analysis includes the development in
CP initiatives, opportunities in focus areas, synergistic effects,
possible trade-offs, and the potential for future improvement.
In addition to the detailed case studies (A and B), the article
includes a benchmark analysis, of ﬁve of the largest herring processing companies in North Jutland, Denmark, of which one is case B.
Unfortunately complete datasets were not available at case A because
parts of the company burned down in 1998. The four additional
companies are kept anonymous and named companies 1, 2, 3, and 4.
The benchmark analysis supplements the case studies and provides
a basis for generalization. The intention of the ‘complete’ analysis is to
provide an overview of the Danish CP experiences, to pinpoint the
most obvious improvement potentials, and to provide recommendations for CP strategies at the company level.
2.2. Data collection
The main data sources of the current study are the company’s
publicly available green accounts, environmental reports and

2.3. Concepts and deﬁnitions
The term ‘cleaner production’ has many connotations. The
present article applies the deﬁnition adopted by UNEP, which
describes cleaner production as:
‘‘.the continuous application of an integrated preventive
environmental strategy to processes, products, and services to
increase overall efﬁciency, and reduce risks to humans and the
environment.’’ [26].
Hence, CP is a preventive strategy which may address both
manufacturing processes and products and which interprets the
development of cleaner products as the most radical type of
Table 2
Overview of data sources applied in the current study

Interviews in 2000 [13]
Interviews in 2006
[23–27]
Green accounts [21]
Env. Statements [22]
Previous benchmark
studies [11,14]

Case
A

Case
B

Company
1

x
x

x
x

x
x

x
x
x

x

Company
2

Company
3

Company
4

x

x
x

x

x

x

x

x

x
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improvement. According to UNEP [29], it is relevant to distinguish
between six types of solutions:
(1)
(2)
(3)
(4)
(5)
(6)

Good housekeeping practice;
Reuse and recycling;
Substitution of hazardous materials and chemicals, etc.;
Process optimisation;
Technology change and innovations;
Development of cleaner products [29].

Increased awareness and good housekeeping practices represent the ‘low hanging fruits’, because investments are at
a minimum. Good housekeeping is a natural ﬁrst step, while
cleaner products will often be the last step because it may involve
other components of the product chain. It is therefore fruitful to see
the solutions as complementary.
In practice, it is our experience that Danish companies interpret
cleaner ‘products’ as the next step, following cleaner ‘production’
which is mainly seen as a concept referring to preventive
improvements taking place inside the companies ‘fence’, despite
the UNEP deﬁnition [13].
2.4. Introduction to ﬁsh processing
Fish processing is not an exact term, but may include several
processes such as sorting, grading, gutting, de-skinning (peeling if
shellﬁsh), ﬁlleting, and trimming. For some ﬁsh or shellﬁsh products, the processing may include breading and ﬁlling as well as
Demersal fish

Pelagic fish

boiling, pickling, freezing and smoking and different types of
packaging, e.g. canning.
The processing depends on the type of product, and in Denmark
it is relevant to distinguish between the processing of demersal ﬁsh
(mainly codﬁsh and ﬂatﬁsh), the processing of pelagic ﬁsh (e.g.
herring and mackerel), and the processing of shellﬁsh (e.g. shrimp,
prawn, lobster and mussels). The processing of demersal ﬁsh is
typically relatively simple while pelagic ﬁsh are often processed
into more reﬁned products, such as pickled herring and canned
mackerel, which involve more processing. Another characteristic is
that pelagic ﬁsh are gutted in the factory, while demersal ﬁsh are
usually gutted on the sea. Together with high oil/fat content, this
contributes to higher pollution levels in the wastewater of pelagic
ﬁsh processing. Shellﬁsh are processed into many different types of
product. One of the characteristics here is that the products are
usually boiled – contributing to higher levels of energy consumption. Fig. 1 provides an illustration of the main types of ﬁsh processing taking place in Denmark. It should be stressed that some
processes are not included in the illustration, such as ‘traditionally
soured’ pickled herring, which is not gutted until after the souring
process.
For mackerel, the processes are landing, transport, sorting
(scaling, grading), removal of head and tail, gutting, freezing (and
storing), de-skinning, boiling, ﬁlleting, canning, autoclaving, packaging, and storing. For herring, the processes included are landing,
transport, sorting (scaling, grading), removal of head and tail,
gutting, de-skinning, ﬁlleting, pickling (including souring), canning
(glass jar), packaging and dispatch.
Prawn and shrimp

Mussels

Transport from landing/auction stage to processing
Water

(Thawing), de-icing, grading and scaling

De-sanding
Solid waste
(non organic)

Ice (demersal fish)
Packaging
(primary and secondary)

Removal of head and tail

De-stoning
By-products
(mince - demersal fish)
Washing

Gutting
Auxilaries
(further processing)
Freezing

Boiling

Energy (electricity/ heat)
Cleaning agents
Cooling agents
(insignificant)

Filleting, de-skinning, trimming

Peeling

By-products to mink
(demersal fish)
By-products to fishmeal
(typical from pelagic fish)
Sludge from initial waste
water treatment

Boiling
(mackerel)

Waste water
(organic effluent, cleaning
agents and process
chemicals)

Process chemicals
(further processing of
pelagic fish)
Further processing (breading, filling, pickling, canning etc.)

Freezing

Packaging

Storing and dispatch

Main product
Fig. 1. Different processes and overview of the main categories of inputs and outputs of the four main product categories (or product chains) in the Danish ﬁsh processing industry
[16]. The product chains investigated in this article are written in bold-faced type.
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It should be noted that many inputs and outputs are related to
ﬁsh processing; but in this article, the focus will be placed on water
consumption, wastewater emissions and energy consumption, to
the extent that data were available.
3. Analysis of CP initiatives in mackerel and herring
processing
The following analysis includes a case study of CP initiatives in
the two companies which process canned mackerel (case A) and
pickled herring (case B).
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processes (e.g. steam boiling and autoclaving), and the use of
cyclones for the separation of ﬁsh oil from wastewater [23].
These initiatives must be viewed in the light of a general
commitment to continuously develop products and processes, and
the total investments were signiﬁcant. The founder’s vision is to be
technologically advanced and the factory strives to be emissionfree. Despite the fact that the factory was built and equipped in
1987, the plant has more or less been totally redesigned. The
different changes of the redesign will be presented in the following.
The environmental strategy has been focusing on the aquatic
environment (water consumption and wastewater emissions) as
well as resource and energy efﬁciency.

3.1. Analysis of case A (processing of canned mackerel)
A/S Saeby Fiske-Industri is situated in Northern Jutland (Denmark) and is the largest producer of canned mackerel in the world
with a production capacity of up to 300 million cans per year [23].
The factory processes mackerel, which are received as whole fresh
ﬁsh and then gutted and de-headed. The ﬁsh are then frozen and
stored at 32  C . The ﬁsh are taken out continuously as production
takes place all year round. The skin is subsequently removed, and
the ﬁsh are dry-cooked and cooled before entering the ﬁlleting
process. Further processing steps involve adding brine, canning,
autoclaving and storing [21].
3.1.1. Environmental objectives and time line
For decades, the company has been committed to reducing their
impact on the environment through preventive solutions. Examples of environmental objectives include:
 Utilise raw materials with a minimum of waste;
 Reduce energy consumption to the lowest levels possible;
 Reduce emissions to the air, water and soil compartments as
much as possible;
 Satisfying supplier requirements for certiﬁcation for genetically modiﬁed organism (GMO) free ingredients;
 Environmental requirement by suppliers of inputs such as
chemical content and pesticides;
 Environmental consideration in all product development [21].
An overview of the most important CP initiatives is presented in
Fig. 2.
3.1.2. Spill prevention, fuel switching and separation of
ﬁsh oil (1980s)
In 1987, the construction of a new factory began in a new
industrial area south of the city Saeby. As part of the design of the
production process, environmental aspects were taken into
consideration. Environmental initiatives included the optimisation
of production equipment to increase the utilisation of the ﬁsh [21],
the shift from oil to gas as the energy source of all heat-demanding
De-skinning by gas flames
(substitution of NaOH and HCL)
Microwave boiling
(instead of water boiling)

3.1.3. Wastewater treatment and substitution of soda lye with gas
(early 1990s)
One of the ﬁrst initiatives in the 1990s was the introduction of
microwave boiling of the frozen ﬁsh. This gave a better product
quality and reduced the levels of energy – partly due to the
microwave oven itself and partly due to the savings on ventilation.
However, the microwave technology did not become a success
because of the difﬁculties related to the handling of different sizes
of ﬁsh at the same time [23].
Another initiative in this period was the establishment of
a biological wastewater treatment plant, which could treat all
wastewater and thus be allowed as a separate discharge of wastewater. This was not a preventive solution as such, but as a nearby
farm was bought and the ‘treated’ wastewater was used for irrigation, it showed initiative and concern for the environment.
In 1993, the company stopped using soda lye for the de-skinning
process. Instead, gas ﬂames were introduced which burned off the
skin of the frozen ﬁsh. The new type of de-skinning improved
the quality of the ﬁnal products, and made it easier to control the
wastewater efﬂuent levels due to the substitution of soda lye. The
gas burners only used a small amount of energy – but they did
represent a signiﬁcant ﬁre hazard, as history later showed [23].
3.1.4. Removal of tails earlier in the production
As mentioned earlier, the mackerel are de-headed and gutted
before the freezing process. Before the tails were left on the ﬁsh
during the freezing process. The result was that many tails broke off
in the freezing house while others fell off during the processing and
ended up in the wastewater stream. A valuable by-product was lost
and the tails contributed to higher COD levels. Hence, around 1995,
the company decided to cut off the head and tail simultaneously
before freezing the ﬁsh. The result was reduced COD levels, more
waste which could be sold as a valuable by-product, and increased
cold storage capacity [23].
3.1.5. Steam instead of water boilers (mid-1990s)
The old water boilers were replaced with new and more efﬁcient steam boilers in 1996, which reduced the water and energy

Fish oil and petfood production
(based on fish waste )

Steam boiling
(instead of water & mic.)

Re-introduction
chemicals

De-skinning by steam
Instead of gas
Year

1990
Establishment of biological
waste water treatment plant

1995
Removal of tail
before freezing

2000
Ozone for pretreatment
(substitution of chemicals)

2005
Filter to solve
odour problems

Initiatives during the 1980s: Reduction of fish spillage, vacum
removal of guts, shift from oil to gas and cyclones to seperate fish oil
Fig. 2. Examples of the most important CP initiatives at case A from 1990–2005. Based on information available in [21,23].
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consumption. Also the quality of canned mackerel and waste
products for animal food and ﬁsh oil was improved, giving rise to
better possibilities of recycling [21].
3.1.6. Fish oil and pet food production (late 1990s)
In the spring of 1997, the company started reconstructing the
old ﬂotation plant into a smaller plant in order to get a more simple
primary treatment of the wastewater before sending it to the biological treatment plant. The extra space could then be used for
producing pet food and ﬁsh oil, which were made from leftovers
from the canned food production as well as heads and guts. Due to
different reasons, the ﬁsh oil and pet food plant were not ﬁnished
until September 1998. It has been both a ﬁnancial and an ecological
challenge for the company to use all waste products in the
production of ﬁsh oil and animal food [21].
3.1.7. Substitution of polymers (late 1990s)
The company’s objective of being totally independent of
external handling of sludge from the ﬂotation plant has not yet
been fulﬁlled. This is due to the chemicals in the sludge. The
company tried to solve the problem in 1999 by using an ozone
system for the pre-treatment of the wastewater, but so far it has not
proved to be effective [9].
3.1.8. Switching to steam instead from gas
for de-skinning (late 1990s)
As previously indicated the gas-based de-skinning caused
a serious ﬁre in 1996. When rebuilding the factory, a new solution
was sought that did not involve chemicals or represent a ﬁre
hazard. The idea for the second generation of heat solution came
when one of the employees watched his wife cooking. He saw how
she used boiling water to peel the tomatoes! This led to a kitchen
experiment with frozen mackerel which turned out to be
successful. The idea was presented to the management which
immediately picked up the idea and invested in a new de-skinning
technology, based on steam, in 1999/2000. In an interview with the
director in 2000, he noted that the solution has many synergies:
better product quality, reduced ﬁre hazard and reduced water
consumption because signiﬁcant water quantities previously had
been used for cleaning when the gas technology was used.
This example shows how the search for substitution of chemicals may lead to completely new solutions, which also have proven
to represent a beneﬁt in terms of better product quality. It also
serves to illustrate that different types of solutions (e.g. types 3, 4
and 5) are often used in combination.
3.1.9. Other product-related initiatives (early 2000)
The company has also considered introducing ‘organic’ products, but currently the problem is that wild ﬁsheries cannot be
certiﬁed according to the criteria for organic products in Denmark.
It is possible, however, that the company will provide ﬁsh products
with the eco-label from the Marine Stewardship Council (MSC) in
the future although this focuses on the state of exploitation of the
stocks [23].
A signiﬁcant impact potential is related to the use of aluminium
cans because the production of aluminium requires large amounts
of energy [21]. The company has considered other solutions such as
plastic (PET), but so far no good alternative has been found,
according to the environmental manager [21].
3.1.10. Environmental focus and achievements
Case A has from the mid 1980s been focusing on product and
process developments. The philosophy has been to design the
processes in a way which secured the optimal utilisation of the
mackerel. Most of the mackerel is sold either as canned or frozen
mackerel. The rest of the mackerel is used for by-products such as

pet food and ﬁsh oil. The core strategy has been based on process
optimisation as well as technology change and innovations. A
future development could be an integration of EMS and more focus
on product innovation. So far, Saeby has received relatively few
environmental demands from customers.
3.2. Analyses of case B (processing of pickled herring)
The main product of Erik Taabbel Fiskeeksport A/S is pickled
herring based on fresh herring that are de-headed, gutted, ﬁlleted
and pickled. The processing of herring typically results in considerable emissions of wastewater with a high content of organic
matter.
3.2.1. Environmental strategies and time line
In the following, the technological and organisational development at case B will be presented. The environmental strategy is
a traditional EMS strategy that secures environmental improvements by applying good housekeeping and process optimisation.
An overview of the most important CP and management initiatives
is presented in Fig. 3.
Experience at case B has shown that the efﬂuent levels can be
signiﬁcantly reduced by applying one of the three simple strategies:
 Separate ﬁsh from water to the extent possible;
 Reduce contact time between ﬁsh and water;
 Reduce mechanical treatment of ﬁsh offal [22].

3.2.2. Separation of ﬁsh oil from waste stream (early 1980s)
In the early 1980s, the company took the ﬁrst initiatives in
reducing the contamination of efﬂuent by using centrifugation to
separate ﬁsh oil from the wastewater. This provided a valuable byproduct (ﬁsh oil), while signiﬁcantly reducing efﬂuent levels. This
type of solution requires that process water and cleaning water are
separated in two distinct systems [13]. This solution is on the
border between pollution prevention and pollution abatement, but
as it provides valuable by-products (which substitute other types of
products) and is applied close to the source of pollution, it has many
of the characteristics of prevention and is the ﬁrst important
example of cleaner production at case B.
3.2.3. Focus on spillage and working routines (early 1990s)
The bulk of work with CP began in the early 1990s – mainly by
increasing the focus on spillage and working routines. The company
director had a strong personal interest in environmental issues and
due to the increased attention on the environment among
management, employees gradually became motivated to change
working routines, especially cleaning, which constituted and still
constitutes roughly 40% of the total water consumption [24].
Changed working routines included:
Physical removal of ﬁsh waste to the extent possible by use of
scrapers and compressed air;
Pre-soaking of ﬂoors and processing equipment to increase
contact time with cleaning agents;
Reporting and/or adjusting processing or cleaning equipment
when malfunctioning;
Reporting on water usage, e.g. after cleaning [24].
Apart from the changes in routines, small investments in technical solutions were necessary as well. These included:
Water pistols that restrict the water ﬂow in the end of water
hoses;
Spray nozzles on hoses to ensure more effective cleaning;
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ISO 14001
Dry removal of
guts and skin BS 7750 & EMAS
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Nanofiltration, reverse osmosis
and heat centrifugation (test)
Year

1990
Good housekeeping
Practise

1995
Extraction of
herring roe

Early 1980s: Separation of fish oil

2000

2005
Focus on energy reduction
2008: New factory (BAT)

Fig. 3. Examples of the most important CP initiatives at case B in 1990–2005. Based on information available in [22,13,24].

Fitting drains with screens preventing solid materials from
entering the efﬂuent stream;
Installation of high pressure water hoses and compressed air;
Installation of water meters [24].
The environmental manager stressed the importance of better
housekeeping in this period and characterises it as the overall most
important type of cleaner production [24].
3.2.4. Dry transport of ﬁsh (early 1990s)
Before the 1990s, large amounts of water were used for transporting ﬁsh and ﬁsh waste in open drains in the factory ﬂoor. The
ﬁrst CP solutions focused on recycling the water, but the limitations
of this solution were soon realised. It did not reduce the water
consumption signiﬁcantly nor the emissions of COD, due to the
contact between ﬁsh and water.
In the early 1990s, the plant personnel realised that dry transport was a better solution. This involved a special type of ﬁlter
conveyer belts and brushes which transported and positioned the
ﬁsh in the machines [13,7]. Dry transport is a great beneﬁt for the
environment. It saves water, it reduces the content of organic
matter in wastewater, and it provides more ﬁsh offal that can be
sold for ﬁsh meal production or pet food [13]. Concerning the latter,
it should also be noticed that the ﬁsh offal becomes dryer and more
valuable because less energy is needed for evaporation during the
production of ﬁsh meal.
The ﬁrst conveyer belts were installed around 1990, but the
company still uses water for transport in certain processing steps.
In 2008, however, a new factory will be built at which conveyer
belts will be used under all machines (de-heading, ﬁlleting and
skinning) – thus entirely avoiding water as a transport medium
[24].
Experiments with removal and transport of guts by vacuum
have also been conducted, but have not proven successful in the
herring industry – mainly due to maintenance problems and noise
[24].
3.2.5. Dry removal of guts and skin (early 1990s)
The strong ﬂows of separating ﬁsh and water resulted in
a number of technological modiﬁcations in this period as well. The
company’s factory engineers modiﬁed machines for de-skinning
and gutting in such a way that skin and guts were removed and
transported to the special conveyor belts without water. This
reduced the content of organic matter in the efﬂuent stream even
more [24].
3.2.6. Extraction of herring roe and development of machines (mid1990s)
According to the environmental manager, CP is often a question
of solving ‘old problems’ in new ways, and employee participation
and creative thinking are important factors. Creative thinking is
also a matter of changing perceptions of ‘waste’. At case B, ‘waste’ is
redeﬁned and now seen as a potential ‘valuable by-product’.
Previously, herring roe was treated as a waste product, but today

the roe is gently removed, cleaned and sold on the Japanese market
as a luxury product, an example of CP solution type 2 [13].
One of the characteristics of case B is the strong involvement of
employees, which has been reﬂected in the strong focus on good
housekeeping practice already from the early 1990s (see Section
3.2.1). The processing equipment has continuously been developed
as a result of close co-operation between the company’s own
factory engineers and the suppliers of processing equipment [24].
One of many examples is the development of machines for the
removal of herring roe (herring roe separator) in which the
company has been involved in obtaining a patent. Another example
is the development of machines for dry gutting and dry de-skinning
in the early 1990s [13].
3.2.7. Implementation of environmental management systems
(mid-1990s)
As mentioned, management aspects and working routines were
included already in the beginning of the 1990s, and the company was
actually among the ﬁrst Danish companies, at all, that obtained
a certiﬁed environmental management system. The ﬁrst certiﬁcation
was obtained in 1995 according to the British Standard BS 7750, and
in 1996 the company obtained certiﬁcation according to ISO 14001.
In 1996, it obtained an EMAS registration as well. Today the company
has included working environment in their management system and
has obtained a certiﬁcation according to OHSAS 18001 [15].
3.2.8. Cutting edge wastewater treatment (late 1990s)
In the late 1990s, experiments were also performed with an
advanced type of ﬁltration which involved heat centrifugation,
reverse osmosis and nano-ﬁltration. This reduced the efﬂuent
levels to almost zero, and had the potential to provide valuable byproducts. But in the end, this technology turned out to be costly and
unreliable. Another disadvantage was that it required considerable
amounts of cleaning agents and energy (electricity). LCA studies
showed that the environmental beneﬁts were eroded by the
signiﬁcant energy consumption, which illustrates the limitations of
the end-of-pipe approach. The project was stopped after 3 years,
but the heat centrifugation remained [13,30].
3.2.9. Energy reductions (2000 -)
After a period with a strong focus on water and wastewater, the
focus gradually expanded to include energy consumption from
2000 to 2005. As in the case of water issues, it began with a review
of energy use by an external consultant. The CP initiatives implemented in the following period included changed working routines
as well as technical modiﬁcations.
An example of the change in working routines is the practice of
truck drivers, who began to turn off their engines when idle and
during lunch and coffee breaks. Another problem related to trucks
was the fact that the doors of the factory remained open when trucks
entered or left the buildings, thus allowing heated or cooled air to
escape. However, it was very difﬁcult to change the routines of the
drivers, and the company therefore chose to install automatic doors.
Today, automatic double doors are installed in most places [24].
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Other examples of technical solutions included the shifting of
electric engines and pumps to smaller sizes or more effective types,
instead of using engines which are too big for the purpose. Smaller
pumps can be used in many cases – especially if the diameter of the
pipes is increased – due to the reduction in friction.
3.2.10. Other initiatives
The development in automation means that machines and
robots have gradually taken over processes which were previously
handled by human labour. So called ‘vision equipment’ has been
installed in recent years. Vision equipment involves a camera and
secures the quality of the product. It makes sure that only the correct
ﬁsh species enter in the process; that the ﬁsh are sorted and positioned in the right way, etc. Hence, the need for human labour is
being reduced. This may have some negative social impacts, but the
Danish Working Environment Authorities are positive because it
reduces work-related injuries, especially those related to repetitious
and monotonous work. The impact on the external environment is
not signiﬁcantly inﬂuenced by the increased automation [24].
3.2.11. Environmental focus and achievements
Case B was among the front runners in implementing an EMS,
but customers’ environmental demands have been limited.
Nevertheless, we consider the company EMS as a success because it
provides an organisational framework for CP projects. Workers’
participation and change of routines have had a signiﬁcant environmental beneﬁt and, according to the environmental manager,
the payback time is counted in hours. The fact that the company has
implemented an EMS sustains the efforts of better housekeeping.
Dry transportation of ﬁsh and waste as well as better housekeeping
have been the key principles for process optimisation. The environmental strategy has had a signiﬁcant environmental impact
both in terms of reduction of COD and water consumptions. A more
detailed discussion can be found in our benchmark analysis.
3.3. Overall assessment of tendencies, CP initiatives and
opportunities (cases A and B)
3.3.1. Towards a more holistic environmental strategy
Both companies have worked intensively with cleaner production for nearly two decades. The bulk of the work took place in the
beginning of the 1990s, and this is also the time when the major
improvement has occurred – see the development tendency for
case B in Figs. 5 and 6. Case A has been oriented towards technological improvements both in terms of process and products
developments, while case B soon realised the need for incorporating the improvement projects into an EMS.
Generally, there has been a shift in focus from water
consumption to wastewater emissions and ﬁnally energy
consumption towards the end of the period. Some initiatives have
also been taken in inﬂuencing suppliers as part of the environmental management systems [13,24]. Obvious areas for improvement in the future are impacts occurring in other stages of the
product’s life cycle from sea to table. The ﬁshing stage is one
example where improvements can be made in energy consumption, emissions of anti-fouling agents and reductions of overexploitation of marine resources. Hence, we will probably see an
expansion from on-site improvements related to water consumption and wastewater emissions, towards reductions in inputs and
outputs more generally in the entire life cycle of the products in the
future.
3.3.2. Reduction of spillage and its importance
Another important result is that the spillage of ﬁsh has gradually
been reduced. The ﬁllet yield has only improved slightly through
the optimisation of processing equipment, better sorting, etc., but

the utilisation of other parts of the ﬁsh has increased signiﬁcantly. I
other words, less ﬁsh has been transformed into COD in the efﬂuent
stream and more has been taken out as valuable by-products. The
by-products include:
 Fish oil (extracted via centrifugation);
 Fish meal and pet food (e.g. from ﬁlter conveyor and dry
removal of skin and guts – case A even has its own pet food
production plant);
 Herring roe (from roe separator in case B).
These developments provide additional income and, at the same
time, they represent a signiﬁcant environmental improvement. This
improvement is based on the fact that the by-products substitute
for other food products, and consequently all the upstream
processes related to these products. According to Dalgaard et al.
[31], ﬁsh oil is most likely to substitute for palm oil (a marginal
edible oil), while ﬁsh offal can be used for pet food and ﬁsh meal can
probably substitute for soy meal (a marginal protein source).
Herring roe may substitute for other luxury food products, but
this has not been investigated further. Still, the important conclusion is that a large number of upstream processes are avoided. In
the case of soy protein and palm oil, this includes land conversion
and ultimately contribution to clear cutting of rain forest [31].
Hence, it is clear that the overall environmental impact potential of
the two ﬁsh processing plants could have a positive effect on
several impact categories.
3.3.3. Synergistic effects
Cleaner production projects which address water conservation
and water pollution often have synergistic effects. First, a reduction
of the water use results in less wastewater. This provides the basis
for economic savings and reductions of environmental impacts
related to groundwater extraction and wastewater emissions.
Another important point is the fact that wastewater treatment
plants in Denmark are regulated through emission limits in the
form of maximum emission ‘concentration’ levels rather than
absolute emissions of N, P, COD, etc. Hence, a reduction of the water
consumption at the processing plant actually reduces the total
emissions of N, P and COD from the wastewater treatment plants, as
their concentration levels remain ﬁxed due to regulations [4]. This
was conﬁrmed by the local wastewater treatment plant that treats
wastewater for most of the companies in the present study. They
even argue that COD from the processing industries is a small
problem and that it boosts the biological processes at the wastewater treatment plant [25].
Less water use obtained through dry transport of ﬁsh and less
contact between ﬁsh and water may also give smaller COD emissions from the factory as well as reduced ﬁsh waste (or higher ﬁllet
yield).
Finally, it is also likely that the consumption of energy and
certain chemicals and auxiliaries can be reduced. Less water
consumption simply means less water to be pumped and heated
(e.g. for cleaning and washing operations).
Hence, by addressing one environmental aspect, a number of
synergies can be obtained in relation to other impacts as well as the
economic bottom line (Fig. 4).
Apart from the synergy between environment and short-term
economic goals, cleaner production may contribute positively to
the companies’ image and to the competitive advantage on markets
with increasing demands for greener products. Furthermore,
advantages can be obtained in relation to occupational health and
safety as well. As an example, the increased insulation of the
production place in ﬁsh processing industries reduces the energy
bill, the air emissions, as well as the employees’ exposure to
draught and cold.
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Reduced need for certain
chemicals and auxaliries
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Less waste water
for treatment

Cleaner waste water
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Less product waste
–higher yields

Economiic
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Fig. 4. Environmental and economic beneﬁts related to reductions in water
consumption.

3.3.4. Trade-offs
It should be acknowledged that CP does not always result in
positive synergistic effects. One example is the use of water-saving
nozzles for cleaning which in some cases are considered to cause
respiratory problems of employees [13].
The two case studies also show that certain technological
solutions which are immature may cause more problems than they
solve. Two good examples are wastewater treatment by nanoﬁltration and gas-based de-skinning. For nano-ﬁltration, the environmental beneﬁts were eroded by the increase in energy
consumption, while the gas-based de-skinning technology resulted
in a ﬁre.
4. Benchmark analyses
Due to our continuous research effort in the last decade, we can
describe the improved environmental performances of 5 herring
industries (case B and companies 1–4). Based on in-depth knowledge of each company, we are also able to explain the reason for
general improvements that can be observed – hence, linking key
indicators to developments in CP and EMS efforts within the groups
of companies.
4.1. Developments in COD emissions
Based on data collected in this study, the water consumptions
and COD discharges fell signiﬁcantly in the period from 1989 to
2005 as can be seen in Figs. 5 and 6. Meanwhile, the ﬁsh processing
facilities have increased their product reﬁnement. Most of the
companies have changed from discharging directly into the sea to
being connected to the municipal sewer system. In 2005, only one
of the companies in the study still had separate discharge directly
into the sea.
During the 1980s, the ﬁsh processing industry was characterised
by a large consumption of water and a signiﬁcant discharge of
organic material. Environment and pollution were hardly on the
agenda at that time. However, the Danish government established
a national cleaner production programme in 1987. At all ﬁve
herring processing companies, the water consumption and the
organic discharge were signiﬁcantly reduced in the period that
followed (Figs. 5 and 6).
The data for COD emissions for the years 1989 and 1990 are
considered to be somewhat uncertain and improvements occurring
after 1999 are mainly related to advanced biological wastewater
treatment in company 1. The most reliable data for interpretation
relate to the period 1991–1999. In this period, COD emissions have
on average almost been reduced by a factor 5. Measured in absolute
ﬁgures, this is equivalent to a reduction of 40,000 PE, from roughly
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50,000 PE to 10,000 PE (1 PE is equivalent to 90 kg of COD). This is
a remarkable achievement, especially because the companies make
more reﬁned products towards the end of the period – a tendency
that would suggest an increase in emissions.
The largest reductions in COD levels occur in the beginning of
the 1990s and in the mid-1990s. Improvements based on preventive solutions have been almost absent since year 2000. All
companies have, in a systematic manner, implemented the dry
transportation of ﬁsh and offal, which limits the contamination of
process water. Dry removal of guts, bones and skin are also practiced by all companies. Finally, all companies have optimised the
technology processes to almost the same status. The general
tendency is that the improvements in the beginning of the period
are obtained through simple process improvements and changes in
working routines, but the ﬁrst ﬁlter conveyer belts are also established in the early period.
If we take company 3 as an example, the reductions in the early
1990s were mainly related to the elimination of an inappropriate
waste handling system in which wastewater was pumped to
a reservoir on the roof and led to a ﬂotation tank. This was obviously a bad solution, because the pumping process mixed water
and ﬁsh waste, which resulted in wastewater with a very high
content of organic matter. The ﬁrst ﬁlter conveyer belts in company
3 were established in 1990, but ﬁlter conveyer belts were not
applied more widely until 1994/95. This happened at the same time
as the company purchased new processing machines and as
a result, emissions dropped signiﬁcantly from 1994 to 1995 [27].
It appears that the absolute variations between the companies
have been reduced signiﬁcantly during the period. The remaining
difference in environmental performance after year 2000 is mainly
caused by different levels of product reﬁnement, different application of abatement technologies and the implementation of
different types of production planning [11].

4.2. Developments in water consumption
The relative water consumption also shows a decreasing
tendency throughout the period – see Fig. 6. The average water
consumption per ton raw material is reduced with a factor of 2–3
towards the end of the period, but as for COD emissions, it appears
that most of the improvements happened before 1998.
Most of the improvements obtained in the beginning of the
period is the result of better housekeeping practices mainly related
to more efﬁcient cleaning procedures. Large reductions can be
obtained by making the cleaning staff aware of their consumption,
e.g. by encouraging them to register their water consumption after
each day. This only requires an investment in a few water meters,
a piece of paper and a pencil. The environmental manager at case B
stressed that the payback time of such investments was very short
and the company had saved around 120,000 Euro in one year
through reductions in water consumption due to changed working
routines. That was in the beginning of the 1990s. However, today
cleaning is often managed by contractors. Hence, the challenge is to
motivate the contractors to make water savings. Company 1
required the cleaning company to use less than 50 m3 per day. This
could be done without any reduction in cleaning quality and it
halved the water consumption for this purpose [5]. Hence, better
housekeeping practices probably play a greater role for water
savings compared to COD emissions where process optimisation is
more pivotal.
All case companies have reduced water consumption at all
stages of the production process by collection of waste in dry state,
implementing mechanical herring transport instead of waterborne, reducing water use on the machines, improving the cleaning
methods with water nozzles, etc. [13,23,24,27,28].
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Fig. 5. COD emissions per ton raw material at ﬁve herring processing industries [11,14,21,22].

Except for one company, all the companies introduced EMS in
the mid-1990s. EMS was by the companies considered to be the
next step following cleaner production. It implied that the cleaner
production projects were integrated in an organisational framework and that all industries had employed environmental staff and
in some cases also an environmental manager. Today, all four
companies are still certiﬁed according to ISO 14001 and case B is
even registered according to EMAS as well [13,24].

efﬁciency improvements, reductions do not occur because an
increased product reﬁnement has also taken place. Automation has
increased and a general tendency exists to include more freezing
capacity on the company’s premises instead of using external
suppliers. One of the companies (case A) has actually increased the
freezing capacity to the extent that it has started to store food
products from other companies in recent years [23].
It is also worth stressing that the source of energy must be
considered. As described in Section 3, company A changed from oil
to natural gas as a source of heat supply. The improvement in terms
of the contribution to global warming, acidiﬁcation and nutrient
enrichment is signiﬁcantly increased by switching from oil to gas.
Indicators for energy consumption are, therefore, more complex
and require the use of LCA.

4.3. Development in energy consumption
Data for energy consumption have only been available in short
periods for the companies in the present study. Interviews revealed
that smaller energy reductions have been obtained in several of the
companies, but our indicators do not reveal any signiﬁcant reductions over the period.
However, the companies mentioned several initiatives over the
past 5–10 years. At case B, it was mentioned that energy has been
an important issue and improvements include smaller pumps,
more efﬁcient air compressors, automatic door openers, reduced
idling of production equipment and trucks, etc. Despite the

4.4. The role of CP and EMS
Recent ﬁgures on pollution level obtained from the herring
industry show that a general pollution reduction factor of 5 has
now been reached mainly by introducing and employing several
different, relatively simple, types of CP and systematising this by
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Fig. 6. Water consumption per ton raw material at ﬁve herring processing industries [11,14,21,22].
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applying environmental management systems. This is in itself very
positive, but is strengthened by the fact that the industry in general
has reﬁned its products further.
Though the results of the implementation of preventive environmental measures like CP and EMS in the herring industry are
quite positive and to the beneﬁt of the general environment, it is
evident that CP and EMS should not be applied singularly but
simultaneously. In a Danish context, the pollution level is still quite
high in untreated wastewater. Hence, the wastewater has to be
treated on a wastewater treatment plant anyway.
4.5. Environmental governance and cleaner production
It is important to stress that the cleaner productions practiced
by the leading Danish ﬁsh processing companies hardly appear by
themselves. From a governance perspective, it has been pivotal that
new emission limits have been introduced gradually, providing the
companies with an opportunity to adapt to stricter emission limits
through preventive solutions. This type of self-regulation has also
been promoted through green taxes on water and energy as well as
subsidies to preventive technological solutions and environmental
management systems that create the basis for continuous
improvements.
The regulatory focus has, to a great extent, been COD emissions
so far, but LCA studies have shown that more concern should be
given to energy consumption and environmental aspects related to
the ﬁshing stage, packaging, and transport [4,12].
The applied cleaner production projects in the case companies
are in line with the recommendation laid down in the EU BAT note
on Food, Drink and Milk. More information on BAT can be found at
the European IPPC bureau in Seville (http://eippcb.jrc.es/).
5. Conclusions
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water consumption especially in relation to cleaning. Due to the
relatively high prices on clean groundwater and the low investment
costs of good housekeeping, this type of solution had a very short
payback time in a Danish context. Reductions of water consumption can also be obtained through the reuse of cleaning and process
water, and by different types of process optimisation. The latter
includes dry transport of ﬁsh offal and better dosage of water in
processing equipment. A reduction of water consumption is pivotal
because a number of synergies are obtained in relation to energy
consumption, COD emissions and better utilisation of the ﬁsh (less
ﬁsh end up in the efﬂuent stream).
Reductions in COD emissions depend to a higher degree on
investments in technologies that allow the transport of ﬁsh offal
and the separation of ﬁsh and offal at the earliest stage possible in
production.
5.1.1. Broadening the environmental focus
The study unveils a broadening of the environmental focus to
include water consumption, COD emissions, and energy consumption as the key aspects. All three aspects are important areas of
improvement. If effective wastewater treatment is established, it
may not be important to reduce COD levels to avoid nutrient
enrichment of the recipient, but COD is a good indicator for product
loss, and therefore an important optimisation parameter both
environmentally and economically. From an environmental point of
view, the reduction of product loss is important because it means
that less ﬁsh has to be caught, landed, transported, cooled, and
stored per kg product sold and consumed. A higher production of
by-products such as ﬁsh meal, ﬁsh oil and pet food also substitute
for other oil and protein sources which otherwise would cause
signiﬁcant land use impacts in other parts of the world.

This article documents how signiﬁcant environmental
improvements can be obtained through cleaner production and
simple solutions that require small investments. Environmental
indicators for water consumption and COD emissions over a period
of 15 years have been analysed. The indicators show that reductions
of factors 3 and 5, respectively, can be obtained through continuous
improvements and incremental improvements. Good housekeeping practices are important, but process optimisation and
reuse have also been part of the solution portfolio. The achieved
environmental improvements in the herring industries are beyond
the expectations which the consultants had to the cleaner
production projects. The explanation is that the companies have
implemented management systems, employee participation, and
used prevention principles when establishing new production
units or introducing changes to the existing productions.
Innovations of a more radical character have also occurred. For
mackerel processing this includes vacuum removal of guts, microwave boiling, and de-skinning by gas and recently by steam. For
herring processing, it involves the development of machines for
removal of herring roe, but there have also been projects focusing
on the reuse of the brine used for pickling as well as tests of
advanced wastewater treatment by heat centrifugation, nanoﬁltration, and reverse osmosis.
The case studies indicate that environmental management
systems and employee participation are important factors, both for
housekeeping practices, innovations, and for keeping the
momentum for improvements.

5.1.2. Potential for future improvements
Obvious areas for future improvement within processing of
herring and mackerel are packaging. LCA studies of canned mackerel and pickled herring show that the impact potential related to
packaging makes up a signiﬁcant part of the total environmental
burden [16]. As an example, it would be possible to substitute
aluminium cans with PET containers or some kind of pouch of
plastic or aluminium with a much smaller material content. Also, it
would be possible to put environmental information on the packaging, e.g. about the importance of reducing food waste or the
importance of packaging recycling.
So far, the CP initiatives have mainly been addressing on-site
aspects – the immediate inputs and outputs on the premises. There
are still potentials for on-site improvements, but the most obvious
areas for further improvement (seen from an environmental
perspective) are hidden in other stages of the products’ life cycle.
The companies can address other stages (upstream) indirectly by
increasing the utilisation factor, but they can also address it directly
by inﬂuencing the suppliers of ﬁsh, ancillaries and suppliers of
other products or services, e.g. transport, packaging, vinegar, sugar,
salt, vegetable oil, or tomato paste.
Another opportunity is to use eco-labelling such as the Marine
Stewardship Council (MSC) which ensures that the ﬁsh comes from
sustainable stocks see Thrane, Ziegler, and Sonesson in the current
issue [32]. Eco-labelled products is one of the measures which can
ensure that environmental initiatives are actually communicated to
consumers – providing the basis for market feedback in terms of
higher sales or prices. The latter has often been lacking – despite
investments in CP and certiﬁed environmental management systems.

5.1. Lessons learned at the company level

5.2. Lessons learned for public policy

The general conclusion based on our interviews is that better
housekeeping practices play an important role for reductions of

Cleaner production is a question of ﬁnding preventive solutions,
but it is also a matter of achieving as much as possible by pollution
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prevention before investing in expensive abatement solutions. The
companies, analysed in the present study, have been very
successful in doing exactly that. However, this pollution prevention
does not occur automatically. The active involvement of authorities
and a dynamic approach towards environmental regulation play
a great role. By dynamic, we mean that environmental demands
(e.g. emission limits) must be tightened gradually (not instantly).
Simultaneously, subsidies have been given to promote CP initiatives, while green taxes have created the foundation for synergy
between environmental and economic improvements.
For front-runner companies, it is clear that the next step will be
in cleaner products in which environmental improvements will be
obtained at several stages of the products’ life cycle. In the case of
Denmark, it was incidents with oxygen depletion in the coastal
waters that spurred the strong attention towards COD emissions in
the 1980s. This gave rise to the ﬁrst action plan for the aquatic
environment with new emission limits – and the promotion of
cleaner production in which companies should make the most of
the investments according to the ‘‘polluter pays principle’’. Later,
environmental management systems gained momentum and
contributed to an expansion of the scope to energy, OH&S and other
environmental issues. In this era, companies realised another
version of 3P: ‘‘pollution prevention pays’’.
Today, the scope is challenged even more. The World Business
Council for Sustainable Development talks about people, planet
and proﬁt; yet another version of 3P which embraces the concept of
sustainability while referring to life cycle thinking. However,
Danish authorities today, do little to encourage companies to take
initiatives in this direction (contrary to the promotion of CP during
the 1990s). Environmental instruments could include the promotion of eco-labels for seafood products, stricter regulation on
packaging, subsidies, new partnerships, product information, etc.
Implementing a product-oriented policy requires new regulatory
regimes, better collaboration among the stakeholders and more
ambitious strategies among the industries as well.
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