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Abstract
In 1985, the U.S. Environmental Protection Agency (EPA) detected low concentrations of dioxins
in fish caught downstream a few paper mills. It was not previously known that those extremely
toxic highly chlorinated hydrocarbons could be formed in the manufacturing of paper. In both the
U.S. and in Sweden the pulp and paper industry together with environmental authorities
immediately started to investigate the formation of dioxins in pulp mills. Two years later, in
September in 1987, the US EPA announced the results of the investigation to the public, i.e.,
dioxins had been detected in pulp mill effluents, in fish caught downstream from the pulp mills,
and in various bleached paper products. The EPA report raised the issue of bleached pulp on
public and governmental agendas throughout the world and consumers began to ask for chlorinefree paper.
Although both North American and Swedish firms were exposed to the dioxin alarm
simultaneously, Swedish (and Scandinavian) firms would lead and move ahead U.S. firms in the
transition towards chlorine-free pulp bleaching. Oxygen delignification, the core technology to
implement elementary chlorine free bleaching, was first developed and commercially operative in
Sweden. It was also Swedish mills that developed and commercialized total chlorine free bleached
pulp. According to previous research, this was mainly due to a new green (primarily German)
market for the Scandinavian firms in the late 1980s, for chlorine-free pulp. In this paper, we argue
that the explanation behind why Swedish companies were at the forefront in the production of
chlorine-free paper must be sought deeper than in changing market demands in the late 1980s. By
focusing on the pollution control strategies of Swedish pulp and paper firms in the 1970s, and by
contrasting them to U.S. strategies, we will try to show how the regulatory framework, in tandem
with business strategies, came to foster initial knowledge development and technological
approaches that had implications for the potential to respond to the dioxin alarm and subsequent
regulatory measures in the late 1980s.

1. INTRODUCTION
In 1985, the US Environmental Protection Agency (EPA) detected dioxins in fish caught downstream
a few paper mills. The concentrations were low, but dioxins, which are the name of a group of highly
chlorinated hydrocarbons, are extremely toxic. It was previously known that dioxins could be formed.
That dioxins could be formed in the manufacturing of paper was however a novelty. The U.S. paper
industry immediately started up further investigations together with the US EPA. At the same time in
Sweden, both industry and authorities started to study the formation of dioxins in pulp mills. The
results were unambiguous. In the sewage from factories producing bleached chemical pulp – but not
unbleached – dioxins were found in measurable levels. 1 Finally, in September in 1987, the US EPA
announced public that dioxins had been detected in pulp mill effluents, in fish caught downstream
from the pulp mills as well as in various bleached paper products such as diapers, coffee filters and
milk cartons. 2 Because of the high toxicity of dioxins, the EPA report raised the issue of bleached pulp
on both public and governmental agendas throughout the world. Regulatory processes were initiated in
pulp producing countries and consumers, essentially the European market, began to ask for chlorinefree paper.

Prior studies noticed that Sweden came to lead the way in the new green market for non-chlorine pulp
that emerged after the dioxin alarm in the late 1980s. 3 Two alternative bleaching technologies – where
chlorine (Cl2) was replaced as bleaching agent – entered the market: elemental chlorine free (EFC) and
total chlorine free (TCF). 4 Oxygen delignification, the core technology to implement the alternative
bleaching technologies was first developed and commercially operative in Sweden. It was also
Swedish mills that developed and commercialized TCF-pulp. Moreover, the replacement of chlorinebased bleaching was very fast in the Scandinavian countries while it was rather slow in North
America. 5 This paper deals with the question why Swedish firms came to lead the way in the transition
to alternative bleaching processes and production of chlorine-free pulp and paper and we will contrast
the Swedish development with experiences from the U.S. Unlike prior studies we will seek more
historical explanations to why Swedish firm came to move ahead U.S. firms in the transition towards
chlorine-free bleaching, even though the dioxin alarm affected both countries simultaneously. We will
specifically study the pre-conditions for the rapid technological transformation within the Swedish
pulp industry, a knowledge development that was initiated much earlier than previous studies has
revealed. By using a unique archive source material that includes the Swedish pulp- and paper
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industries environmental R&D projects since the 1970s, we will be able to study the underlying
motives for technological change in-depth. Both industry level- and firm level motives for advancing
alternative bleaching processes will be explored.

Differences in the regulatory approaches between the countries and a stronger market pressure for the
Nordic pulp producers have been highlighted as major explanations to why Swedish firms moved
faster towards chlorine-free pulp production compared to the industry in North America. 6 Essentially,
events on the German market have been regarded as very important for how Nordic pulp and paper
producers reacted on the dioxin alarm. In 1991 the Greenpeace magazine “Das Plagiat” was published
in Germany and was outwardly a copy of Der Spiegel. The magazine was printed on chlorine-free
paper and contained a series of articles on the risks of using substances containing chlorine in the
manufacture of paper. Das Plagiat had great impact on the German public and the German pulp and
paper buyers, and the Swedish pulp and paper producers could not ignore the development on their
main export markets. 7

However, as argued by Reinstaller (2005), the series of events in the late 1980s and the rise of “green
consumerism” in the key markets for the Nordic producers cannot explain the divergences in diffusion
patterns of the alternative bleaching processes. Instead, Reinstaller stresses the importance of
differences in the regulatory approaches as well as deviating perceptions and interpretations of the
dioxin threat by firms and consumers in the two countries. 8 Moreover, the technology for pulp and
paper production is known for being a mature technology and the chlorine-based bleaching process
had been the dominant bleaching technology since the 1950s. 9 Thus it could not possibly change
overnight albeit demand for chlorine-free products came to be very strong in the late 1980s and the
early 1990s. By focusing on initial pollution control strategies in the Swedish pulp and paper industry
in contrast to the U.S., this paper highlights circumstances that fostered initial technological
approaches that had implications for the potential to respond to the dioxin alarm and subsequent
regulatory measures. By doing so, we will shed new light on the critical importance of how events in
the past may influence firms’ ability to respond to sudden and unexpected challenges stemming from
environmental regulation and ‘greener’ market demand and requiring rapid technological changes.
These events particularly include R&D strategies undertaken by firms in the past and the extent firmactivities interplayed with the national strategies for environmental regulation under which the firms
operate.
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2. THE PULP AND PAPER INDUSTRY AND THE CHLORINE ISSUE: A SHORT
BACKGROUND

Sweden and U.S. are key players in the ensemble of pulp and paper producing countries. Today, U.S.
is the second largest producer of paper after China, while Sweden is the sixth largest. Moreover, U.S.
is the world’s largest producer of pulp while Sweden is the fourth largest. 10 Additionally, U.S. is the
second largest exporter of paper in the world and the biggest exporter of pulp, while Sweden is the
sixth largest exporter of paper and the fourth largest exporter of pulp. Swedish pulp and paper
production is however far more dependent on exports than the U.S. – about 50 percent of the Swedish
paper production is exported.

As mentioned in the introduction, the dioxin issue was raised on the global agenda after the US EPA
announcement in 1987 that dioxins had been detected in pulp mill effluents and in various paper
products. At the time, the volume of imports of pulp and paper was larger in U.S. than its exports.
Despite the globalization of the U.S. economy, exports in pulp and paper was only around 6 percent in
the early 1970s and had increased only slightly up to the mid 1990s – to about 10 percent. 11 The
inverse relationship was true for Sweden. In 1984, imports of pulp and paper were negligent. 12 In
1986, the German market accounted for 24 percent of the Swedish pulp export followed by Italy, UK
and France. Germany was also the largest export market for newsprint, closely followed by UK which
was the largest export market for other publication paper than newsprint. 13

The chlorine used in bleaching not only affects the mill’s wastewater but also persist in the final paper
product. Removing elemental chlorine from the production process thus not only prevents pollution
stemming from the production process but also such pollution diffused in society by paper products.
The manufacturing process for producing bleached chemical pulp consists of two main processes,
boiling and bleaching, where bleaching is one of the most environmentally intensive aspects of paper
production. The aim with chemical pulp production is to extract fibres for paper production from
wood, where they are imbedded in lignin. To break down wood into lignin and fibres, wood chips are
boiled in a digester with either alkaline sulphate (i.e. the Kraft process) or acid liquor. The bleaching
occurs in stages, generally alternating between acid and alkaline stages. The acid stages increase the
whiteness of the pulp while the alkaline stages remove any residual lignin and alkali from the pulping
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stage. 14 The use of elemental chlorine (Cl2) as bleaching agent became dominant in the 1950s. 15
Previous research has reported that two alternative bleaching technologies, elemental chlorine free
(EFC) and total chlorine free (TCF), were developed and diffused as a response to the dioxin alarm. 16
A complete replace of chlorine (Cl2) with chlorine dioxide gas (ClO2) is known as the ECF-process.
By replacing Cl2 with ClO2 the levels of absorbable organic halogens (AOX) are greatly reduced. The
TCF-process in turn completely eliminates the use of both Cl2 and ClO2 and instead typically
Hydrogen peroxide (H2O2) and/or ozone (O3) is used as substitute bleaching agent. 17 The development
of ECF and TCF was aided by improvements in oxygen delignification in a pre-bleaching stage.

The direction of technological development is affected by decisions taken in the past and influenced
by society’s institutions. Therefore – to understand why Swedish mills developed oxygen
delignification and made it commercially operative as well as were the first to develop and
commercialize TCF – it becomes important to understand the framing of the environmental regulatory
approach and the establishment of technological trajectories. Drawing on the literature of path
dependency, we will give a brief overview of the institutional context in Sweden and the U.S. in terms
of environmental regulatory approaches and technological strategies. In the following section we will
deal with the chlorine issue and in the last section we will sum up and discuss our results.

3. TECHNOLOGY DEVELOPMENT, ENVIRONMENTAL POLICY, AND FIRM
STRATEGIES
3.1. Environmental regulation and technological change

It has been suggested that environmental regulations can substantially determine the direction of
technology development 18 and they are moreover seen as the primary driver for innovation. 19 Previous
research has noticed different regulatory approaches and modes of corporate response and compliance
strategies between Sweden and the U.S. 20 The reason why these different pathways can be noticed is
an empirical question and has to do with different national contexts in terms of political culture,
institutions, knowledge, direction of R&D, including also, the national environmental regulatory
14
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framework and associated relations between the regulators and polluters. Both countries were
(together with Japan) early adopters of environmental regulation, where Sweden was the first country
in the world to establish an environmental protection agency in 1967. Sweden developed a cooperative
mode of the environmental protection system 21 based on flexibility in compliance measures and a
functioning dialogue between regulators and industry 22, while the U.S. practiced a legalistic style and
a political toughness with poorer relations between the policy makers and industry. 23 In contrast to the
U.S., Swedish firms invested predominantly in pollution prevention and internal process control
technologies 24 while U.S. firms invested heavily in end-of-pipe facilities. 25

The literature on technological path dependency assumes that historical events that seem minor at the
time can be amplified by positive feedback in ways that drive the selection of technology down an
unanticipated trajectory. 26 Modern and more complex technologies often display ‘increasing returns’
to adoption; the more experience that is gained with them, the more they are improved. When a new
technology begins to emerge it becomes progressively more ‘locked in’ by ‘chance’ or ‘historical
events’ forming an outcome not necessarily the best alternatives, easily altered or totally predictable in
advance. 27 The Swedish pulp and paper industry and the Swedish regulatory approach early on came
to favor internal- (in-plant) over end-of-pipe measures and performance standards 28 – a strategy that
stands in contrast to the U.S. where the regulatory approach became heavily reliant on the design (Best
Available Technology, BAT) or specification standards that preferably could be met by end-of-pipe
abatement measures. 29 Literature on technological path dependency has noted that once a pathway is
established, the technology development is driven along a certain direction even though more superior
routes are available.30 Initial technological strategies to deal with pollution can therefore have serious
implication for firms’ options and ability to adapt process technology to deal with new, uprising
environmental problems. This since technological development requires much information, and the
acquisition of information is a costly activity. 31
Apart from that firms are restricted by high development costs in advancing new technologies,
technology innovations are moreover intertwined with cultural evolutionary processes that may
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emerge at the sub-national, national and transnational levels. 32 Rycroft & Kash (2002) state the link
between culture and institutions and technological innovations is most clearly distinguished at the
national level. The influence of culture and institutions on path dependence is however important also
at other levels. At the national level, distinct national institutions (e.g. firms, government laboratories
and universities) have evolved into sophisticated national innovations systems (NIS) where cultural
norms and culturally based institutions contribute the context within which the previously distinct
institutions continuously create and integrate the knowledge that makes it possible to repeatedly
develop new and enhanced complex technologies. 33 From this perspective, the development of
environmental technology cannot only bee seen as a lengthy process of trial and errors and ‘historical
events’ that eventually results in a technology entering the market. Since national cultures and
institutions tend to be deeply embedded 34 they are hard to modify, even when new technological
opportunities appear. 35 Dosi (1982) uses the term “technological paradigm” to refer to the presence of
technological trajectories. The origin of the technological paradigm stems from the interplay between
scientific advances, economic factors, institutional variables and unsolved difficulties on established
technological paths. Within this context, public policies plays on important role related to the search of
new technological paths. The regulatory approach of a country influences the technology strategy
chosen and has implications for firms’ willingness to innovate.36

3.2. Regulatory frameworks in Sweden vs. U.S.: a brief overview
The Swedish Environmental Protection Act was implemented in 1969, and it represented the first
uniform framework for regulation of emissions to air, water pollution, noise and other disturbing
activities from industrial plants in Sweden. The Act had a pre-history that dates back to the Public
Health Act of 1874 and the Water Rights Ordinance of 1880. After step-wise additions of the
regulatory frameworks, the Swedish government in 1963 appointed an expert committee assigned to
investigate the issue of all interference from stationary plants. A proposal was presented in 1966 37
which came to form the basis for the Environmental Protection Act (hereafter EPAct) passed by
Parliament in 1969. In the years before the final bill was passed, the construction of a modern system
for environmental protection began in Sweden. Thus, in 1967 the National Environmental Protection
Agency, a unified body for almost the entire area covered by the EPAct, was founded. The
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Environmental Protection Agency was an amalgamation of several existing agencies including the
Water Inspection (1957) and the Air Pollution Control Board (1963). 38

The EPAct was based on plant-by-plant licensing; firms had to have their plans for construction or
alteration of production plants assessed according to several criteria specified in the Act. The so-called
Franchise Board of Environmental Protection (hereafter FBEP), administrated the licensing system
and was in practice a court, with experts from both industry and the Swedish EPA. Unlike the U.S.,
Sweden came to regulate both water and air pollution under the same Act and the licensing process
thereby integrated. Moreover, the regulatory approach was in practice based on performance (emission
level values) rather than on technology-based standards, and these were negotiated with each plant
owner, sometimes over ex-tended periods of time. 39 The licenses had to be reassessed and renewed
every 10 years on the basis of what was considered Best Available Technology (BAT) at the time. As
a general rule, the industrial polluters were required to take all precautionary measures, and tolerate
such restrictions on their activities as could be reasonably demanded. In practice BAT referred to the
least polluting technologies that proved practicable in other industrial plants of the same type, either in
Sweden or in other countries. 40 BAT was used as a reference for achievable emission level values,
where emission levels normally set the target for the licence (not prescriptions of using a certain
method). As the system also aimed at favoring internal (pollution prevention) process changes the
system needed to be flexible in terms of compliance strategies. 41

In the U.S., modern environmental regulation dates back to the 1960s, which is when the first major
federal legislation was enacted and the EPA was shaped. Three years after the Swedish Environmental
Protection Agency was established, the US EPA began its operations with the responsibility of
maintaining and enforcing national standards under a variety of environmental laws. The laws of
importance to industry include the Clean Air Act (CAA), which passed in 1963 but really took shape
first in the reauthorization and amendments of 1970, and the Water Pollution Control Act of 1972,
later called the Clean Water Act, CWA. Of importance to the U.S. pulp and paper industry, due to its
particular problems with water pollution, is the CWA. The CWA regulates the pulp and paper mills’
discharges by using a two-pronged approach. First, the EPA issues uniform technology-based
guidelines for comparable sources, which in the next stage are incorporated (typically by state
governments) in individual facilities permits. In 1992 however, the EPA merged development of air,
water, and sludge regulations for the pulp and paper industry under the ‘cluster rule’. 42
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In contrast to Sweden, heavy reliance has generally placed on the design (Best Available Technology,
BAT) or specification standards (which stipulate duty holders exactly what measures to take) rather
than on performance (emission level) standards.43 The North American system also relied on air and
water quality standards, allowing certain concentration of pollution in the surrounding air and water
with respect to health aspects.

44

Legally, the environmental quality standards dominate the

technology-based standards, but in practice, technology based standards have been emphasized. 45 It
has also been viewed that the emphasis on technology-based standards avoids the potentially greater
time and cost associated with developing, administrating, and complying with different
geographically-specific pollutant discharge limits that must be tailored to meet ambient water quality
standards. 46

The North American paradigm for pollution control contrasts to the Swedish regime that instead has
emphasized internal process changes, based on plant-by-plant judgments and plant negotiated
performance standard. 47 The U.S. system also represented a much stricter command-and-control
regime compared to the Scandinavian countries including Sweden. It was a direct regulation that
permitted little flexibility in terms of compliance measures. 48 American environmental regulatory
rules are generally far more detailed and are enforced more legalistically resulting in more frequent
and much lager regulatory sanctions than in countries with a more cooperative regulatory style. 49 It is
also obvious that the regulatory frameworks have been embedded differently in Sweden and the U.S.,
essentially with respect to the influence given to the States in the U.S. regulatory enforcement.
Compared to Sweden, it is clear that U.S. environmental policy had a more difficult birth than the
Swedish, with generally adversarial legislative approach and practices. 50

The regulatory history and past compliance strategies of industries and government has had, as we will
see, important implications for how regulations have been approached. Not the least inter-firm and
state-firm collaborations in R&D formed the basis for the early regulatory response to the dioxin alarm
in Sweden. In the U.S., the policy process proceeded slower and was more incremental, formed by
scientific uncertainties, problems for the EPA to define the technology based standard and by industry
interest to avoid costs from implementing more radical technologies.
43
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4. THE PROCESS OF TRANSITION TO CHLORINE-FREE PULP AND PAPER

Dioxins were already prior to the mid-1980s known as a highly toxic, carcinogenic substance, but it
was not known that dioxin was formed in the production of bleached pulp. This was discovered when
the US EPA in 1983 initiated a national survey that in 1985 detected dioxins down streams from pulp
and paper mills. To determine the specific cause of dioxins in pulp and paper manufacture, the US
EPA, the American Paper Institute (API) and the NCASI (National Concil of the Paper Industry for
Air and Stream Improvement) thereafter, in 1986, agreed to undertake the “5 Mills Study”. The study
was released in 1987 and concluded that bleaching was the primary source of dioxins in pulp and
paper mills. 51 Environmentalists learned about the agreement and in December 1986, Greenpeace
initiated a Freedom of Information Act request seeking all available information on the pulp mill
dioxin problem. Information leaked to Greenpeace which, in 1987, released a report alleging an EPA
cover-up. Only a month later, the New York Times ran a front-page story reporting that traces of
dioxins had been detected in paper products. 52 And in 1988, the “104 mill studies” in turn was
initiated. By that time, the Swedish authorities had already begun regulatory action. 53
4.1 The Swedish technological pathway: internal process changes through collaborative R&D
platforms
The Swedish strategy for dealing with pollution problems was to accomplish emission reductions
through internal process changes – an approach that contrasted to the U.S. What concerns the Swedish
pulp and paper industry, this concept can be traced back to the 1940s and 50s and the pioneering R&D
activities then taking place in collaborative platforms established jointly by the Swedish pulp and
paper producers. Previous studies have shown that industry collaboration in environmental R&D as
such became a key feature in the Swedish pulp and paper industry’s green reconstruction, and a
number of green R&D platforms were gradually established during the 1900s. 54 While the first
collaborative initiatives of the industry sector to deal with pollution problems actually took place
already at the turn of the 20th century, as a response to local pollution resistance (especially the odor
problems), the R&D activities thereafter increased in tandem with the development of environmental
policy up to the 1960s. During this novel period, attention was foremost directed towards improved
51
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efficiency and reduced fiber emissions, while more resolute efforts aiming for decreased discharges
began in the 1960s. At the time of the enforcement of the EPAct, collaborative environmental R&D
efforts were further accomplished in cooperation with environmental authorities. 55
Important collaborative platforms for the greening of the Swedish pulp and paper industry in the 1960s
were: a) the Swedish Pulp and Paper Research Institute 56 (STFI), founded by the forest industry in
collaboration with the state already in the mid-1940s; b) the state-industry funded Institute for water
and air protection (IVL), founded in 1966; and c) the Forest Industries’ Water and Air Pollution Research Foundation (SSVL), founded by the forest industry in 1963. Both STFI and IVL have their
background in the Swedish system of collective research institutes in order to strengthen the Swedish
industrial competitiveness, where the financial framework was determined by multi-year contracts
between the state and a foundation formed by the industries concerned.57 While the original idea of
STFI was to pursue research on forest products in close cooperation with the Royal Institute of
Technology in Stockholm, and to advance methods for their rational refinement and exploitation, the
motive for establishing the two latter platforms in the 1960s was the recognized need for effective
collaborative efforts in environmental R&D to manage costs and risks related to emerging stricter
environmental requirements. 58
Even though STFI was not established to address pollution issues, it ended up doing so as improved
material utilization and process control became important strategies to combine production expansion
with pollution prevention from the late 1960s and onwards. And from the mid-1970s to the 1990s,
research in the field of pulp bleaching was carried out with high intensity at STFI. This was linked to
the fact that the bleaching process was the point of the pulp mill where the material that could not be
brought to the chemical recovery or over to the paper production, left the factory as bleach plant
wastewater. 59 It was known already in the 1970s that the bleaching process accounted for a very high
percentage of total emissions of oxygen-consuming substances, as well as that the bleach plant
emissions contained toxic substances. 60
The state-industry funded IVL, and a related consulting company, the IVL-company, was founded in
1966 and reflects an on-going mobilization, both within the government and the industry, to enhance
knowledge on the relation between industrial production and environmental problems and to identify
effective solutions. By engaging in basic and applied research on the quantity, content, and
55
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environmental impact of emissions, which was knowledge equally important to industry
representatives and environmental authorities for the development of both efficient pollutionabatement technology and efficient environmental legislation, IVL came to underpin the greening of
the Swedish industry in the 1960s and 70s. 61
SSVL was formed already in 1963 by the Swedish Pulp and Paper Association (SCPF) – past
professional body for parts of the pulp and paper industry, now the Forest Industries – but expanded
operations considerably at the beginning of the 1970s when it stood clear that the industry-specific
problems faced by the pulp and paper industry were to big to be handled merely within IVL. A wide
project organization was built up under SSVL with representatives from a number of private
companies, research institutions, such as IVL and STFI, consultants, equipment suppliers and industry
interest groups. The purpose of the wide project organization was to “get together” both research
results and technological achievements, to get them assessed and evaluated properly in order to lower
the risks for the individual mill. Problem-/project areas were selected by the SSVL-board (key
industry representatives such as CEOs and technical managers) and involved what various plants had
identified as important but which was not yet fully covered. A majority of the pulp and paper
companies were generally represented in each of the different projects. Individual firms in turn
supplemented the projects on a large scale and, together with equipment suppliers, provided access to
factory floors, machinery, and personnel.62
The SSVL-projects primarily aimed at preparing background material and evaluate available
environmental technologies, but also supporting the introduction of new technology. 63 Findings spread
through a wide variety of reports which, according to a person with central insight and abundant
participation in the SSVL-projects of the period (Hans Norrström, he was engaged by both IVL, STFI
and the largest consulting firm of the pulp and paper industry) were well distributed to and utilized by
the individual mills. 64 According to Norrström the pulp and paper industry took the projects very
seriously as there was a concern over what the economic impact of the EPAct would be: for most,
production went up steeply towards the end of the 1960s while emissions were large and in many
cases increased. Thus: “We needed to get this to work.” 65 In sum, the collaborative R&D platforms
STFI, IVL and, not the least, SSVL, formed the basis of a major part of the green technology
development undertaken by the Swedish pulp and paper industry from the late 1960s to the 1990s.

4.2. R&D and the bleaching process
61
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From the mid-1970s, also the SSVL projects, as the STFI activities, focused largely on the field of
pulp bleaching. 66 Process technically it was, of both cost and environmental reasons, about doing as
much delignification work as possible in the boiler and in the subsequent oxygen delignification, and
to adapt the subsequent bleaching after this. The large number of chlorine-based and non-chlorine
based bleaching agents contributed to the area’s major research width. The gradual removal of
elemental chlorine (chlorine gas) as bleaching agent implied significant research efforts, as well as,
finally, the issue of bleaching without chlorine.67 In this context, the small Swedish company ASPA
was a pioneer.
Already in the SSVL-project Chlorides in recovery system (1974-76), different ways to reduce the
environmental impact of bleach plant wastewater were recommended although the main focus was the
impact of chlorides in the recovery system. First recommended was to try to achieve as much
delignification work as possible in the boiler and in the subsequent oxygen delignification, and
secondly, to try to use as large proportion of chlorine dioxide in the bleaching process as possible.68
Efforts to bleach pulp with chlorine dioxide had of economic reasons been initiated in Sweden decades
before, such as in MoDo’s laboratories and mills in the 1940s. 69 Thus, when the use of chlorine
dioxide in the Swedish and Finnish production of bleached kraft pulp was mapped within the project
in 1974, it was found that while Swedish mills usually used chlorine dioxide, Finnish mills did not. 70
Total project cost was 4 MSEK and it resulted in 37 interim reports and a final report in 1977. Apart
from SSVL, among others STFI, the Board for Technical Development (STU) and the Nordic
Industrial Fund contributed funds. 71
In parallel was also the SSVL-project Nordmiljö 80 (Nord Environment 80, 1975-78), which aimed to
find ways for the rational observation of the forest industry with relevant and modern control methods.
The project focused on pollution control, measurement and sampling appliances, as well as on system
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design for data collection.72 Before the completion of this project completed, SSVL initiated a vastly
larger project on bleach plants’ actual environmental impact, Environmentally harmonized production
of bleached pulp (1977-81). The project, which resulted in over 100 reports, was mainly funded by the
pulp- and paper industry but also by contributions from IVL, STFI and STU. Government grants
(through such organizations) amounted to about 13 of the total of 40 MSEK of the project cost.73 In
the foreword to the final report for this project, the proactive approach of the industry in this context is
justified:
”Water protection in the Swedish pulp and paper industry has so far largely focused on reducing
emissions of biochemically readily biodegradable and suspended material. [...] With the high
environmental standards achieved by the vast majority of Swedish mills, a continued decrease in these
parameters would only give a marginal improvement of the environment to a high specific charge. [...]
Given the pulp and paper industry’s economic importance and the residual emissions size,
environmental work should, however, continue and focus on investigating the industry’s emissions,
other environmental impacts, and if so, find effective and economical methods to counteract it.” 74
In the final report (1982) for the project it was found that of the 21 mills in Sweden at the time
producing bleached chemical pulp, 10 had already installed or committed to install oxygen
delignification plants. Only a total of 15 additional oxygen delignification plants were put in operation
outside Sweden. Of the 27 mills for bleached chemical pulp outside Sweden in Scandinavia, only two
Norwegian mills had oxygen delignification plants and two Finnish mills had aerated ponds. 75 By
1985, five U.S. mills had installed oxygen delignification system. 76 In this context it is justified to
mention that the Swedish company MoDo already in the early 1970s constructed a pilot plant for
oxygen delignification.77 This technology was in turn established in Sweden soon thereafter which is

mirrored in the numbers above.

The attention paid to the bleaching process continued in several SSVL projects of the 1980s, and in
the sub-project “Discharges from the bleaching of chemical pulp” within SSVL 85 (1981-85) it was
established that mills with bleaching sequences containing oxygen and a high percentage of chlorine
dioxides in pre-bleaching, or oxygen bleaching with treatment of bleach plant wastewater in aerated
ponds, responded to “highest environmental standards”. 78 In the final SSVL-project of the 1980s,
Miljö 90 (Environment 90), as many as 200 pages are devoted to the bleaching process while the
remaining three sub-projects only take up about 10-40 pages each. 79 Miljö 90 started after a review
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and prioritization of current environmental issues in July 1985, i.e., a few months before the US EPA
in the autumn of 1985 reported that dioxins had been detected in fish caught near pulp and paper mills.
The risks of dioxins however came to be a high priority in the Swedish and European environmental
debate in the late 1980s. Hence, the content of dioxins in products and emissions were questions that
came to be incorporated into the project.80 IVL was very well represented also in this project as well
as, in fact, the Swedish EPA with a few individuals.81 In the next section follows examples of how this
involvement of Swedish authorities in the SSVL projects, through the semi-governmental IVL and
SEPA, provided policy-makers with necessary tools for the gradual tightening of ELVs and for
sometimes stipulating ELVs based on novel process-internal technology not yet fully developed.
SEPA further compiled several own reports in the 1980s and early 90s on the composition and effects
of bleached pulp mill effluents.82

4.3 Dioxins and intense pressures for technological change? Sweden vs. the US

The risks of dioxin became a high priority issue in the European environmental debate in which a key
question was whether the small residue of polychlorinated dioxins that could be traced in products
based on bleached pulp could leak when exposed to moisture, such as a wet baby diaper. Another to
the pulp industry related environmental issue which came to be debated simultaneously in Sweden,
was the emission of pollutants in the Baltic Sea, where especially the emissions of the bleaching pulp
industry were in focus. 83 FBEP took a first clear standpoint in the dioxin issue already in 1986 when
delivering final conditions for a sulphate pulp mill, establishing that wastewater from the bleaching
process caused significant local damage to water based organisms. An unusually high proportion of
representatives from the industry sector, several of which were in the midst of their own licensing
processes, were present as well as chlorine producers, consultants, equipment suppliers, research
institutions and an additional number of SEPA representatives. FBEP established that:
”significant progress has been made in recent years in terms of different measures to reduce the
emissions of chlorinated organic matter, including increasing the share of chlorine dioxide in the first
bleaching stage as well as through improved process equipment and process control.”84
FBEP however at the same time announced that it expected even more R&D on the matter, especially
on how to increase delignification in the cooking- and bleaching stages as well as on the possibilities
80
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to switch to other bleaching chemicals. In this particular licensing process the FBEP actually
advocated a specific abatement technology. The Board however at the same time emphasized that it
should not be stipulated in the final conditions as the firm had both the right and the duty to use other
methods if any shortcomings could be proved with this particular technology and/or if more effective
methods were developed. In this way the Board maintained the regulatory strategy to permit flexibility
in compliance strategies while at the same time requiring emissions to comply with the performance of
state-of-the-art (BAT) technology. 85
At the same time in the U.S., the policy process moved slower and the US EPA worked on defining
the standard setting. Following a series news reports about EPA’s cooperation with industry in 1987,
the US EPA signed a decree to perform a comprehensive risk assessment of dioxins and furans
considering sludge, water effluents and products made from pulp produced at 104 pulp mills. The
agreement also required the EPA to propose regulation before 1993. 86 Interesting to notice is that the
Office of Technology Assessment (OTA) in 1989 reported about the Swedish pulp mills compliance
with more stringent standards when it comes to the emissions of chlorinated organics. 87
By this time in Sweden, an emotional public debate on dioxins were in full swing. In 1987, Sweden’s
largest and oldest environmental organization, the Nature Conservation (SSNC), recommended
consumers to choose unbleached products upon which the producers and distributors of a range of
unbleached products, such as packaging- and tissue paper, began to provide them with SSNC’s
signature. In 1989, the association further launched two environmental classes (a low chlorine- and a
chlorine free 88 level) for chlorine bleached paper qualities where brightness was important, such as
magazine paper. In the absence of any national or international (at EU level) official emission limit
that was considered harmless to the environment, the SSNC criterion got major impact. 89 In fact, the
issue of chlorine free paper and unbleached products in this way became the issue that finally came to
seriously initiate the environmental issue as a marketing issue for the Swedish pulp and paper
industry. 90
Also Green Peace had many members in Sweden (if not quite as many as SSNC), and in their “Pulp
and Paper Campaign” during the second half of the 1980s, there was a major focus on Sweden, where
the Swedish pulp bleach plants according to Green Peace accounted for about 99 % of the country’s
total emissions of chlorinated organics. As an activity within the campaign, Green Peace in 1986
85
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dumped 1.5 tonnages of dead fish in front of an office entrance to one of the largest producers of
bleached pulp in Sweden. And a few years later Green Peace conducted yet another action against the
use of chlorine as a bleaching agent in the production of white paper products when, in collaboration
with the small pulp-producing Swedish mill ASPA, producing an exact copy of the weekly Der
Spiegel printed on paper containing no shred of chlorine-bleached pulp. 91
When the citizens of Sweden during the summer of 1988 also came to experience severe algal blooms,
as well as an excess mortality of an already endangered seal population, the chlorine issue became an
even hotter topic of debate, not least in media. 92 One article by the chief physician at a regional
hospital was published in Sweden’s largest daily newspaper, Dagens Nyheter, on August 2 in 1988,
entitled “Dioxins are a likely cause of the seal death and the disease process resembles AIDS”. The
article states that it is found that the seal death is “likely” to be due to the contamination of dioxins
where pulp bleaching constitutes “one of the now largest known” dioxin sources in Sweden. The
article further states that “it is well known that Swedish children during breastfeeding far exceed
tolerable daily intake [of dioxins]”.93
The dioxin issue together with the pollution of the Baltic Sea and the big seal death in the summer of
1988 in fact constitute key explanatory factors behind the fact that environmental issues in general got
their big break among Swedish citizens during the second half of the 1980s, which not least the
“Environmental election” to the Swedish Parliament in 1988 bear witness of. 94 The environmental
debate and mobilization of the environmental movement after the mid 1980s was much stronger than
what Sweden had experienced in the 1960s. At the same time in the U.S., the absence of both a green
market demand and a pronounced anti-dioxin mood in the public induced a different perception of the
problem within industry. Gaining knowledge to the problem through scientific research into what
would be the best technology was one mean to influence EPA’s decision, but also a way to explore
possible solutions on the basis of the established technological paradigm. 95
When it comes to regulation the Swedish parliament in 1988 adopted a proposal which stipulated that
industrial emissions of chlorinated organic compounds must be reduced to 1.5 kg AOX/tonnage of
pulp (normal emission level was about 4 kg/tonnage of pulp at this time). 96 The FBEP had however
chosen to stipulate this level (with effect from January 1 1992) in the final conditions for a mill
already in 1987, although it was based on a technology that was not yet developed. Still, the FBEP
91
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“expected” the technology 97 to be developed within a relatively short time and SEPA in turn
confirmed it was already “about to be implemented” at a number of Swedish mills. 98 The example
reflects the great insight of the environmental authorities in the industry’s on-going environmental
development and investment projects, but also how the environmental authorities in fact stipulated
technology development. This is also confirmed by an anonymous FBEP official with direct
experiences of pulp and paper licensing processes in the late 1980s:
“The Board listened eagerly to the results of the investigations made by both the authorities and the
industry and if we could identify prospects for a certain technological development, we granted
probation periods and stipulated [performance standards] based on expected technological
development and thus in fact stipulated technological development.”99

Fact is the same year (1988) the Swedish Parliament adopted a proposal which stipulated that
industrial emissions of chlorinated organic compounds must be reduced to 1.5 kg AOX/tonnage of
pulp, the Swedish government imposed the most stringent requirements on emissions from bleaching
ever been presented, a maximum of 0.5 kg AOX/tonnage, on one of Sweden’s smallest producers of
market pulp, Aspa. In 1987, Aspa had submitted a license application to expand capacity, and the
mill’s sensitive location on a lake that served as drinking water for several communities had
contributed in referring the question to the government. 100 The method which already in the spring of
1989 would allow such low emissions, and the fact is – after further development work at Aspa and
only a year after (in 1990) – a pulp bleached without chlorine, was the so-called Lignox process. 101
The process was based on knowledge of the use of oxygen, hydrogen peroxide and chlorine dioxide in
the bleaching process, developed within SSVL-projects since the 1970s (and partly within even earlier
collaborative platforms). 102 ASPA was thus the first mill to develop and commercialize TCF-pulp,
however, on the basis of decade-long efforts within collaborative semi-governmental R&D platforms
(of which the company had taken part) to achieve environmentally friendlier bleaching methods
through increased efficiency and reduced use of chemicals by internal process changes. 103 ASPA was
further not the only Swedish mill to produce chlorine-free pulp in 1990: the MoDo mill Domsjö soon
followed with the so-called MoDo Crown product, also based on the increased use of oxygen and
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peroxide in the bleaching process. 104 The Lignox process was in turn explained and evaluated in the
final report for Miljö 90 (1991) whereupon knowledge of the process spread to the entire industry as
well as to environmental authorities.105 In the same report it was further established that: “In short, all
Swedish pulp mills will have introduced oxygen delignification”. 106
Meanwhile, in 1993 the US EPA announced a proposal based on a technology-based approach that
involved: 1) substituting elemental chlorine with chlorine dioxide or other bleaching agents (e.g.,
peroxide or ozone) and 2) reducing the extent of chlorine bleaching required to achieve a given quality
of product through alternative means of pulp delignification (i.e., extended cooking or oxygen
delignification prior to chlorine bleaching).107 The U.S. pulp and paper industry strongly opposed the
proposal and after receiving critical comments from both industry and environmental groups, the EPA
released further revisions. The new standard was proposed in 1996 and the regulation was eventually
finalized in 1997. 108 Studies report that the US EPA deliberately chose a standard which could be met
by employing only full substitution for chlorine gas with oxygen gas, but no oxygen delignification.
U.S. mills thus didn’t have to incur the expense of installing oxygen delignification like their Swedish
competitors which, according to Harrison (2002), saved the U.S. industry 1 billion U.S. dollars. 109
Noteworthy is though that when the US EPA determined the standard, one third of the U.S. Kraft mills
had already installed oxygen delignification. 110 Only two U.S. mills had pursued more radical
innovations. The first one was Louisiana Pacific, who adopted TCF in 1995, and did so to comply
with the CWA. The Louisiana Pacific mill was one of few Kraft pulp mills that hade never installed
secondary waste water treatment. Thus, when faced with the demand to reduce emissions, TCF
appeared more attractive here than at mills which had already installed end-of pipe technology. 111
In this regard, it is important to acknowledge that the lifetime for equipment in the pulp and paper
industry is 15-30 years. As the prior U.S. strategy had been to invest in end-of-pipe, it fundamentally
affected the assessment and costs of different technologies to reduce the discharges of dioxins or other
effluents. Mills that had not installed secondary treatment plants thus found it more attractive to invest
in TCF. 112 According to Norberg-Boom and Rossi (1998), the regulation proposed by the EPA in 1997
thus only required incremental innovation rather than moving industry to new technological
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trajectories. 113
Quite a few Swedish mills however produced TCF bleached pulp already by 1994 114 , and the
remaining mills so-called elementary chlorine free (ECF) bleached pulp. And this development put
Swedish pulp and paper mills in the forefront internationally. 115 The long term collaborative R&D
efforts within platforms like STFI, IVL and, not the least, SSVL, were of central importance to this
development. The knowledge development and -diffusion taking place here formed the basis for a
major part of the green technology development undertaken by the Swedish pulp and paper industry
from the late 1960s to the 1990s. Important prerequisites for Swedish mills to make the final steps
towards EFC and TFC were further the early choice of the Swedish pulp and paper industry and
Swedish government to try to achieve reduced emissions from the bleaching process through internal
process changes as well as industry’s early choice to focus on reducing the use of chlorine gas as
bleaching agent.

5. DISCUSSION
Oxygen delignification, the core technology to implement alternative bleaching technologies (where
chlorine is replaced as bleaching agent) was first developed and commercially operative in Sweden. It
was also Swedish mills that developed and commercialized total chlorine free (TCF) bleached pulp.
This paper has shown that it was no coincidence that this development took place among Swedish
pulp and paper producers. Long before environmental authorities begun suspect that pulp bleaching
was a considerable source for dioxins, the Swedish pulp industry was well aware that the bleaching
process accounted for a very high percentage of total emissions of oxygen-consuming as well as toxic
substances. This is one of the reasons why Swedish pulp mills usually had chlorine dioxide
implemented in the bleaching process already in the early 1970s.

The technology evolution towards ECF and TCF can be traced back to the proactive collaborative
green R&D activities initiated by the Swedish pulp and paper industry even before modern
environmental regulation was implemented in Sweden in 1969. These activities were, as we have
shown, related to the industry (as well as the authorities’) early strategy to focus on reducing the
environmental impacts through internal process changes, which guided the development into certain
technological development path. In the same token, the U.S. development followed a different
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technological trajectory since the U.S. regulatory approach fostered more of end-of-pipe solutions
compared to the Swedish approach.

Previous research has emphasized the importance of the strict environmental regulation implemented
in Sweden in the early 1990s, as well as the corporative, plant-by-plant regulatory style. According to
Popp et al. (2011), competition among major industry players to satisfy consumer demand for chlorine
free paper further played a vital role in the initial development of chlorine-free technologies. We have
shown in this paper that the Swedish authorities required the Swedish pulp and paper producers to
push the technology development beyond ‘of the shelf’ (BAT) technology already from the mid1980s, which is earlier than noticed in previous studies. 116 This was possible since the Swedish EPA
through the collaborative R&D platforms had knowledge of “around the corner” technology. Because
of this, the ECF and TCF technology was principally already developed when Swedish consumers and
the German export market started to ask for chlorine-free paper. Knowledge on alternative bleaching
processes was spurred by both a strong regulatory action and proactive firm-collaborative R&D
initiatives, which fundamentally aided the transition to TCF and ECF in Sweden. The public debate
and demand for chlorine-free paper however played a vital role for the swift adoption and fast
diffusion of the technology when it was at hand.

As much as the Swedish trajectory was influenced by its’ technological paradigm to focus on internal
process changes, the U.S. regulatory approach was consistent with the dominant abatement technology
in the U.S. pulp and paper industry. Moreover, the absence of a wide public debate in conjunction with
the institutional regulatory style considerably delayed the process of substituting chlorine in the U.S.
industry. The U.S. pulp and paper industry strongly opposed the regulation proposed by the EPA in
1993, and a less stringent rule was announced in 1997, excluding the oxygen delignification stage.

This paper has highlighted the critical importance of events in the past in explaining firms’ ability to
respond to sudden and unexpected challenges requiring rapid technological changes, stemming from
environmental regulation and/or ‘green’ market demand. These events include firms’/industry sectors’
R&D strategies undertaken in the past and how these have interplayed with national strategies for
environmental regulation. It is perhaps no news that the U.S. and Sweden approached industrial
pollution issues differently already in the 1ate 1960s, or that development subsequently has differed
between the countries. The great influence of initial corporative and authoratitive approaches on longterm technology development trajectories is however not as well known.
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