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Purpose

This study examines the regulatory aspects of wastc management in Sweden, with a particular emphasis
on regulating organic compounds produced by waste-to-energy facilities. Since the early 1960s, waste-to-
energy has played a significant role in managing waste in Sweden. In 1993, more than 50% of the
municipal solid waste available for treatment or disposal following source separation efforts was processed
in one of the 21 waste-to-energy facilities operating in Sweden. This report examines Sweden’s regulatory
environment, its history of setting emission limits on waste management facilities, and the current status
of regulations.

Summary of Findings

Sweden has an integrated waste management system which incorporates source reduction, reuse, recycling,
separation and composting, waste-to-energy, and landfilling. In Sweden, there are 21 waste-to-energy
facilities ranging in capacity from 5,000 tons to 300,000 tons per year, 11 separation or composting
facilities, and more than 200 landfills.

Sweden has legislation and regulations which will, over the next few years, result in continuing changes
in waste and materials management practices in accordance with a hierarchy of avoidance or minimization,
materials and energy recovery, and final disposal. The current trends in Swedish waste management
include expanding "producer responsibility” to cover additional waste stream components, and eliminating
landfilling untreated, unseparated waste.

The approach used in Sweden to implement environmental policy involves various licensing and
permitting processes, planning activities, surveillance measures, and sanctions, In addition, Sweden
employs economic instruments as taxes on emissions. In the case of waste management, the government
also exercises significant operating control over collection, processing, and disposal, either directly or via
contractual relationships with the private sector.

The responsibility for enforcing environmental laws is distributed among the national government, regional
authorities, and local municipalities. The Environment Protection Agency is the central government
authority in matters related to the environment. The majority of decisions that govern implementation of
environmental activities in Sweden are, however, made by other organizations. These include other
national authorities, the Franchise Board, the county administrations, and the municipalities.

Environmental regulation in Sweden has a long history, beginning in the 1960s. The first major piece of
legislation was the Nature Conservancy Act, passed in 1964. In 1967, the Environmental Protection
Agency was set up. In 1968, the Environmental Advisory Committee was established to act as a
government consultant in environmental affairs. In 1969, the Environment Protection Act was passed.
This, along with the Act on Products Hazardous to Health and to the Environment, passed in 1973, form
the key legislative structure for regulating the environment in Sweden.

The first public Cleansing Act was issued in 1972, placing responsibility for collection and transport of
domestic solid waste on municipalities. In 1979, municipalities were also given responsibility for ensuring
weatment of solid waste. It is left to each municipality, with guidance from the Environmental Protection
Agency and the county administrations, to establish its own public cleansing acts specifically addressing
the management of domestic and other solid wastes in their jurisdictions. The costs of the municipal
waste management System are covered via a special fee for each household or homeowner.

Waste-to-cnergy facilities, depending on their annual throughput capacity, are required to obgain their
license from the Franchise Board or the county administration. The emission limits and operational



requirements governing performance and testing of the facilities are described in the individual permits.
The Environmental Protection Agency issues guidelines relating to emission levels for each facility in
Sweden.

On February 13, 1985, the Swedish EPA issued a moratorium on constructing new municipal solid waste
incinerators. This moratorium was because data indicated that municipal incinerators were a major source
of dioxins in the environment, and data from 1984 showed the presence of dioxins in adipose tissnes and
mothers’ milk. This, coupled with the findings that dioxins were extremely toxic to laboratory animals,
combined to raise significant public concern,

At the time of the moratorium, more than half of the domestic waste collected in Sweden was incinerated.
In May 1985, the government assigned the then-National Energy Administration and the Environmental
Protection Agency the task of investigating engineering requirements and emission limits that should be
imposed on waste incineration. In November 1985, a research group was formed within the National
Environmental Protection Board to investigate dioxin emissions from municipal waste incinerators, to
correlate these emissions with potential health risks, and to formulate a program for dealing with these
emissions.

The two agencies issued the results of their investigation in June 1986, in a report entitled "Energy From
Waste", Among the conclusions of the report is that "... Based on the evaluations of the impact of waste
incineration on health and the environment, the conclusion is that such incineration is an acceptable
method of treating household and industrial waste" ("Energy from Waste," Statens energiverk and
Naturvardsverket, 1986, p. 18). This conclusion was conditional based on implementing measures to
restrict the emissions from existing and future plants, The report formed the basis of the government’s
decision that the moratorium not be extended, that the permitting of new waste-to-energy facilities be
allowed, and that the Environmental Protection Agency work to ensure that existing facilities be modified
as necessary to comply with the guidelines recommended in the joint report by no later than 1991. The
agency reviewed all existing licenses and revised the conditions as necessary to comply with the guidelines
contained in the report. Current permit limits for dioxins and furans (in EADON TCDD equivalents)
range from 0.1 to 2 ng/m>,

The Environmental Protection Agency issued a report in 1988 entitled "Solid Waste and Environment.”
This report established a strategy to meet certain goals in terms of protecting health and the environment,
saving natural resources, fostering sound economic development, protecting strategic materials, and
eliminating litter. The strategy proposed included:

* minimizing using dangerous materials in products;

*  ensuring propér collection, treatment, and disposal of those dangerous materials that are
unavoidable;

+  minimizing the production of waste;
» recycling as much as is economically and technically possible; and
» treating the remaining waste in an environmentally sound manner,

In May 1990, the Swedish Parliament approved a waste management program. The overail objective of
the program was {0:

» resirict the volume and content of hazardous substances in waste;
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e increase recycling and reuse; and

e improve techniques for managing the wastes which cannot be avoided, reduced, recycled, or
rensed.

Among the key provisions of this program were:

+ Waste is a burden upon the environment. Producers will be responsible for waste that arises
as a result of production, including a cost responsibility.

e Products must be clean. The hazardous material content of products and waste must be
considerably reduced by substituting less hazardous materials and thoroughly restricting the use
of chemicals and materials which are hazardous to the health and the environment.

+  The large volumes of waste must be reduced. Reusc and recovery must increase.

The Waste Bill of 1990 included various provisions to expand the "producer pays" concept. The bill
required municipalities to develop a specific waste plan; placed greater responsibility on industry and the
commercial sector to provide municipalities with information; gave municipalities additional rights in
terms of taking responsibility for other portions of the waste stream; established that source separation is
to be implemented such that as of 1994, no untreated, unseparated waste materials would be delivered to
landfills; and emphasized the need for reducing and, in some instances, eliminating hazardous materials
in products. The government also established a special council (AFR, Avfallsforskningsradet) to manage
research on environmentally sound preduct development and waste management.

Recent legislation in Sweden has emphasized the concept of "producer responsibility.” The eco-cycle bill,
which passed in February 1993, and introduced into law in January 1994, seeks more efficient use of
materials and resources of the country by requiring greater participation by producers in the production,
recovery, and reuse of waste. The bill identifies several categories of materials to which this principal
may be applied, including packaging, electronics, electrical appliances, tires, plastics, and automobiies.
Provisions of the bill shifts responsibility for collecting, treating, reusing, and disposing

process residues from the public sector to manufacturers.

Background

Sweden has 2 total area of 449,964 km? (173,732 mi?), including streams and nearly 100,000 ponds and
lakes. Sweden is slightly smalier than California, and is located at approximately the same latitude as
Juneau, Alaska. It shares a 1,619-km border with Norway, a 586-km border with Finland, and has a
3,218-km coastline. Its closest neighbors across the Baltic Sea include Denmark, Germany, Poland,
Latvia, Estonia, and Lithuvania. Eighty-four percent of the population of approximately 8.6 million live
in urban settings, with about 85% living in the southern third of the country. The average population
density is 19/km? (50/mi%). The capital city, Stockholm, has a population of approximately 700,000 in
the ¢ity proper (1.5 million when the surrounding region is included).

There are 24 counties and 286 municipalities in Sweden. In addition to Stockholm, Gothenburg, has a
popuiation of approximately 430,000, and Malmo, has 230,000. Of the remaining 281 municipalities, 63
have less than 10,000 inhabitants, 180 have 10,000 to 50,000, while 38 have 50,000 to 200,000.

Sweden has a temperate climate in the south with cold winters, while the climate in the north of Sweden
is sub-arctic. The terrain is mostly flat or gently rolling lowlands, with mountains to the west. The
highest peak is Kebnekaise, 2,111 m (6,926 ft) above sea level. Sweden is 64% forest and woodland.



The natural resources include forests, zinc, iron ore, copper, silver, and uranium. Sweden lacks any
significant oil or coal deposits. Approximately 15% of its energy supply comes from hydropower. An
estimated 50% of the energy consumed comes from imported oil, 7% from imported coal and coke, and
15% from 12 nuclear reactors (accounting for almost 50% of Sweden’s electrical energy). A much-
debated law was passed in 1980 which requires phasing out nuclear units by 2010. This issue continues
to be discussed.

The industrialization of Sweden began in the 1870s. Since then, Sweden has evolved from a primarily
agrarian country t¢ one in which less than 3% of the work force is employed in agriculture. Sweden’s
industry is based on its three most important natural resources—timber, iron are, and hydropower. The
industrial base includes iron and steel production; manufacturing precision tools, agricultural equipment,
aircraft, automobiles, pollution control equipment, and other high-value-added engineered components;
paper, pulp, and other wood products production; and chemicals, petroleum, and petroleum products
processing. The engineering sector accounts for 50% of the industrial output. The Swedish economy is
heavily oriented to foreign trade, with exports accounting for almost 50% of the gross domestic product
in 1990,

Sweden is a member of, among other organizations, the United Nations, the Organization for Economic
Cooperation and Development, various Nordic organizations and, as of January 1, 1995, the European
Union.

Overview of Political and Judicial Structure

Sweden is a constitutional monarchy, with a parliamentary form of government. In 1523, the kingdom
of Sweden declared its independence from Danish rute. For the next 150 years, Sweden’s influence grew.
By the late 1600s, Sweden had become a major European power. In 1709, it suffered a military defeat
at the hand of Russia and subsequently lost most of its European possessions. In 1809, a constitutional
monarchy was established, giving most of the power to the king. Over the next century, the power of
Parliament grew. In 1917, parliamentary rule was adopted. In 1975, the constitution reduced the role of
the king to mainly cerernonial activities.

The powers of government are shared between national, regional, and local authorities. The Swedish
national government consists of the Riksdag and the Parliament. Parliament’s 349 members are ¢lected
directly by the people every three years. The most recent election was held in the fall of 1994. A
minimum of 4% of the vote is required to have representation in the Riksdag. The party holding the
greatest number of seats in the Riksdag following each election forms the executive branch, which consists
of a prime minister and 13 ministers. The ministers head the various migistries within the national
government, whose main tasks relate to preparing legislation.

The Swedish legal system has been influenced by German, French, and to a lesser degree, Roman law.
Sweden has not followed the large-scale codification models found in the Code Civil in France and in the
German system. Written law, however, does play a greater role in Sweden than case law. Thus, the
Swedish system can be categorized as being somewhere between the Anglo-American system of case law
and the Franco-German approach, which relies on detailed codes. The process of lawmaking in Sweden
generally begins with an initiative for legislation being proposed by the govermnment, professional or trade
unions, government agencies, or at the request of the Riksdag itself. The sponsoring ministry appoints
a commission of inquiry to prepare a report on the proposed legislation. The results and recommendations
of the commission are then examined by the legislative department of the ministry concerned, which also
solicits comment from affected stakeholders and other interested parties. Public comment is also part of
this process. If the decision is to proceed with the legislation, a bill is drafted. The bill is forwarded to



the Council on Legislation, a body composed of justices of the Supreme Court and the Supreme
Administrative Court, the highest judicial and administrative authorities in Sweden.

Upon incorporation of the Council’s comments, a proposed bill is forwarded to the Riksdag for approval.
The approval process in the Riksdag generally involves referring of a proposed bill 1o applicable standing
committees for review, amendment, approval, and forwarding to a plenary session of the Riksdag as a bill.
The commission of inquiries report and the Council’s opinion, along with the Riksdag committee report,
are all printed and distributed and become an important part of the record used to interpret the intent of
the legislation. Thus, it is not unusval to find concise, brief wording in the actual legislation, because the
nuances have been addressed during the process and reflected in the various reports and opinions that are
part of the bill’s record.

The judicial branch of the Swedish government consists of a general court system and an administrative
court system, The general court system hears cases related to civil law and criminal law, as well as some
administrative matters such as property transfers, probate, land development, etc. The administrative
courts hear cases related to decisions made by public authorities. Each system has three levels—the
district courts, the intermediate courts of appeal, and the Supreme Court.

The General Court

There are approximately 100 district courts. The district cousts play a dominant role in administering
Swedish law. All criminal and civil cases start at the district level. The bench for most criminal cases and
in some family law cases is comprised of one judge, assisted by a group of lay people who are elected
for three-year terms. Each lay assessor is on duty for a period of 10 days per year. They participate in
the verdict process, but not as a jury. Rather, they deliberate as a committee, with the judge acting as
chairman.

About 10% of the district court cases are referred to the court of appeals. There are six courts of appeal.
Cases are usually heard by three or four judges or three judges and two lay assessors.

The Supreme Court, which consists of five judges, can hear appeals against decisions of the lower court
of appeals. Generally, the Supreme Court hears cases with significant precedent-setting potential.

The Administrative Court

The administrative court system is in place to ensure that the public administration performs its activities
in accordance with the laws. The administrative courts will hear cases related to taxation, or appeals of
decisions made by local authorities on matters such as assessments or placement of children in foster care.
The decisions of the administrative courts can be appealed to the administrative appeals court. There are
four such courts in Sweden. Appeals to decisions of the appeals court in cases of significance are heard
by a five-judge Supreme Administrative Court.

Agencies, Counties, and Municipalities

There are approximately 100 central administrative agencies, 24 county administrations, and, since January
1992, 286 municipal districts which are involved in environmenta! management in Sweden. The counties
have a popularly elected council which has the power to levy an income tax and js generally responsible
for health and medical care, as well as zoning and environmental protection. Each county authority has
a special unit for dealing with environmental issues, particularly those relating to the Nature Conservancy
Act and the Environmental Protection Act.



The municipal districts each have a popularly elected council, can also collect an income tax, and operate
public services such as schools, child and old age care facilities, utilities, housing, and cuoltural and leisure
programs. Municipalities, through their environmental and health protection administrations, are
responsible for environmental protection at the local level. Since 1972, as a result of the public cleansing
act, municipalities have been responsible for collection and transport of domestic waste. The revised
Cleansing Act of 1980 assigned to municipalities the responsibility for ensuring that treatment plants for
domestic wastes are available.

Overview of Environmental Policy
History

Environmental regulation in Sweden has a long history, beginning in the 1960s. The first major piece of
legislation was the Nature Conservancy Act, passed in 1964. In 1967, the Environmental Protection
Agency was established. In 1968, the Environmental Advisory Committee was established to act as a
government consultant in environmental affairs. In 1968, the government also introduced an act limiting
the sulfur content of heavy fuel oil. In 1969, the Environment Protection Act was passed. This, along with
the Act on Products Hazardous to Health and the Environment, passed in 1973, form the key legislative
structure for regulating the protection of the environment in Sweden.

Major modifications were made to the existing environmental legislation in Sweden in 1988, when
significant comprehensive legislation establishing new ordinances and amendments to existing laws were
passed. These amendments and ordinances addressed acid rain, marine pollution, "greenhouse” gases,
strengthened enforcement measures (including mandating prison sentences), and environmental insurance
requirements.

In May 1990, the Swedish Parliament approved a waste management program. The overall objective of
the program was to:

e  restrict the volume and content of hazardous substances in waste,
* increase recycling and reuse, and

* improve the techniques for the management of the wastes which cannot be avoided, reduced,
recycled, or reused.

Among the key provisions of this program were:

*  Waste is a burden upon the environment. The producers will be responsible for waste that
arises as a result of production, including a cost responsibility.

¢ Products must be clean. The hazardous content in products and waste must be considerably
reduced by substitution of less hazardous materials and through restricting the use of chemicals
and materials which are hazardous to the health and the environment.

¢  The large volumes of waste must be reduced. Reuse and recovery must increase.

Each industry, with an activity resulting in waste production, is required to report the amount of waste
and its content to local aunthorities,



Since January 1991, every municipality is obligated to prepare a "solid waste plan” for handling all wastes
produced in the municipality, including domestic waste, industrial waste, hazardous waste, hospital waste,
etc. An inventory of the source and amount of wastes is also required.

The federal government also gave municipalities the right to extend their responsibility for the collection,
transportation, and treatment of domestic waste to other waste stream components.

Since 1994, the goal has been o essentially cease the incineration and landfilling of unseparated waste.
Methane gas from landfills will be recovered as energy or flared.

The key provisions of the Nature Conservancy Act, the Environmental Protection Act and Ordinance, and
the Act on Products Hazardous to Health and the Environment are described later in this report.

Key Organizations

The approach in Sweden is to use various licensing and permitting processes, planning activities,
surveillance measures, and sanctions to protect environment. In addition, Sweden also employs economic
instruments to encourage environmentally desirable behavior. For example, it levels taxes on CO,, NO,,
and sulfur emissions, as well as a differential tax on diesel fuel, to stimulate using environmentally
superior grades of diesel fuel.

The responsibility for enforcing environmental laws is distributed among the national government, the
regional authorities, and the local municipalities themselves.

The key central government authority responsible for environmental protection in Sweden is the
Environmental Protection Board (Agency), Naturvardsverket. However, the majority of the decisions that
effect the environment are made by other bodies, including the Parliament, the Franchise Board for
Environment Protection, the Products Control Board, and county and local administrations. The agency
uses indirect means of control and influence, through cooperative efforts with other organizations, issuing
general recommendations and regulations, consulting, and research and education. The agency, for
example, is required to comment on license applications submitted to the Franchise Board. In the case
of waste management facilities, the agency has issued guidance on allowable emission limits, which are
then required to be incorporated into individual permits for each facility.

The agency is responsible for executing the decisions of the government, monitoring new technological
developments, and proposing recommended changes to environmental regulations, The agency’s
responsibilities include environmental protection matters under the Environmental Protection Act (except
where the Act specifically places responsibilities on other bodies), product conirol (the Product Conirol
Board is attached to the Environmental Protection Agency and is responsible for matters arising under the
Acts on Products Hazardous to Health and the Environment), nature conservation, outdoor recreation, and
research.

The major authorities and bodies with which the Environmental Protection Agency consults and cooperates
include the National Board of Occupational Safety and Health, the National Labor Market Board, the
Delegation for the Coordination of Marine Resource Activities, the Swedish Forest Service, NUTEK (an
organization charged with adapting Sweden’s energy supply system 1o environmental and resource
conservation requirements), the National Board of Fisheries, the National Board for Consumer Policies,
the National Board of Agriculture, the National Land Survey Administration, the National Food
Administration, the National Board of Physical Planning and Building, the Central Board of National
Antiquities, the National Administration of Shipping and Navigation, the National Board of Foresiry, the



National Board of Health and Welfare, Statistics Sweden, and the National Institute of Environmental
Medicine, among others.

The key organizations which have major roles in the development, passage, implementation, and
enforcement of environmental regulations in Sweden are delineated in Table 1, with a brief summary of
their respective roles in the process of developing, refining, and implementing environmental regulations.

Table 1. Key Organizations Involved in implementing Environmental Regulations in Sweden

Organization

Description

Role

Ministry of the Environment

Established in 1987; overall responsibility for
environmental affairs.

To prepare legislation; respond to questions on
the legislation; engage in international cooperation
and agreements effecting the environment, natural
resources, nature conservation, radiation
protection, and water.

National Environmental
Protection Agency

An independent agency, in place since 1970,
comprised of the Administrative Department, the
Natural Resources Departiment, the Technical
Department, the Research and Development
Department, the Emission and Preduct Control
Laboratory, the Products Control Board, and the
Research Council.

To implement Parliamentary and government
environmental policy, monitor developments, and
make proposals to the government related to
mproving the environment. The board manages
the environmental protection research program
and the environmental monitering program.

National Franchise Board
for Environmental Protection

Central government agency that examines permit
applications for major sources.

Swucmred Like a court of law, the Board, along
with County Administrations, hears cases under
the Environment Protection Act and is the issuing
anthority for licenses and permits of major
facilities.

Central Administrative
Agencies

Various organizations, including the National
Board for Consumer Policies, the National
Institate for Environmental Medicine, the National
Board of Health and Welfare, Statistics Sweden,
and NUTEK -- the Nationat Board for Industrial
and Technical Development (former Energy
Administration).

Ta provide input from the respective stakeholders
perspective on issues related to planning, siting,
operation, occupational health and safety, product
hazards, environmental impacts, etc.

Couety Administrations

Administrative organizations within the governing
body of each of the 24 counties with
responsibility for various aspects of environmental
management.

Regional supervisory authority under the
Environment Protection Act and the Health
Protection Act. They are, along with the Labor
Inspectorate, the supervisory authority under the
Act on Products Hazardous to the Health and to
the Environment.

Municipalities

286 mueicipalities, varying in size from less than
3000 to mare than 600,000 residents.

Local responsibility for nature conservation. The
municipal environment, building and health
protection committees directly impact local
environmental protection activities and act as
local supervisory authorities under the Health
Protection Act and the Act on Products Hazardous
to Health and the Environment, as well under the
Environmental Protection Act if the county
administration so delegates. Waste management is
generally carried out by local authorities.




Future Issues

Sweden, along with Norway, Finland, and Austria, negotiated a four-year transition period during which
these countries can retain their higher levels of environmental limits. This effecdvely deferred a major
obstacle to Sweden’s joining the European Union. Tt remains to be seen exactly what will occur at the
end of the four years. One possibility is certainly that these countries will then be required to lower their
standards to come into compliance with the applicable European Union standards.



Major Environmental Legislation

The major pieces of general environmental legislation and legislation that specifically focuses on municipal
waste management are summarized below. The history of environmental regulation in Sweden is long,
beginning with the Nature Conservancy Act of 1964 and the Environmental Protection Act of 1969. Each
of these Acts has been amended and modified, and additional laws have been passed over the course of
about 30 years since the passage of the Nature Conservancy Act. In 1986, the Parliament approved a new
Building and Planning Act and a new Natural Resource Act, which gave greater responsibility for planning
and building matters to local authorities, while reserving the right of the county adminisiration to intervene
in areas impacting regional and national interests.

Key Provisions of Major General Environmental Legisiation

The Nature Conservancy Act (1964) and Nature Conservancy Ordinance (1976}

The Nature Conservancy Act laid out the underlying guiding principles of preservation of Sweden’s
natural resources, plants, and animals. It contains provisions related to the establishment of national parks,
and regulations aimed at protecting the countryside and providing the public with opporiunities for
enjoying nature. This Act established that the natural environment is an asset that requires and deserves
protection and conservation. The Act established that both the national and regional aunthorities are
responsible for protecting areas of natural interest and provides for their preservation as national parks,
nature reserves, and conservation areas. The Act also contains provisions relating to endangered species
protection, limitations on outdoor advertising, and prohibitions against littering. The county administration
is the responsible authority under the Nature Conservancy Act, with the exception of the sefting aside of
lands for establishment of national parks, which is the responsibility of the government, with consent of
the Riksdag. Like most legislation, this act requires that the county consult with the Environmentat
Protection Agency and the affected local municipalities prior to taking any action regarding the setting up
of a nature reserve, conservation area, or taking any other major action relating to conservation issues.
The ordinance describes in more detail specific aspects of the Act, including conditions under which
endangered animals and plants may be imported and exported.

The Environment Protection Act and Environment Protection Ordinance

The Environment Protection Act, which came into force in 1969, as amended [including the Environment
Protection Ordinance (1989)], governs environmentally hazardous activities. It established the legal basis
upon which environmental protection is implemented in Sweden. It governs activities that are performed
on a property or other permanent plant in which the operations are a source of disturbance to the
neighborhood. Such disturbances include emission of water and air pollutants, vibration, light, or noise.
The Act established licensing requirements for certain activities. The Act details specific notification and
permitting requirements which are dependent upon the degree and extent of potential pollution emitted.
Public participation is a key component of the license approval process.

For major pollutant sources, such as pulp mills and steel mills, permits must be obtained from the National
Franchise Board for Environmental Protection. Less significant sources require licenses from county
administration agencies. For facilities with limited and local impacts, no permission is required. However,
such operations must notify the local environmental and health board.

The annex to the Environmental Protection Ordinance establishes a list of environmentally hazardous

activities which require compulsory permits or reports. The annex also describes the responsible authority.
The annex categorizes over 250 activities in various business sectors (i.e., agriculture, mining,
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manufacturing, public administration, and other services) into Categories A, B, and C. Category A items
require that a permit be obtained from the National Franchise Board for Eavironmental Protection;
Category B items require a permit from the county administrative board; and Category C items require
that a report be submitted to the municipai environment and health committee.

In reviewing the lists, the responsible permitting authority is determined generally based upon the nature
of the process, the degree of hazardousness and, in some cases, the quantity of emissions expected. For
example, under manufacturing, a dairy facility which expects to discharge more than 5,000 tons per annum
of whey is a Category B facility, thus requiring a permit from the county administrative body. A similar
facility which expects to discharge no more than 5,000 tons per annum of whey is a Category C facility
and is required to file a report with the municipal authority. A factory that produces ammonia requires
a permit from the Franchise Board, regardless of the production capacity. A metal refinery that produces
more than 3,000 tons per annum is a Category A facility, while a metal refinery that produces 2 maximum
of 3,000 tons is a Category B facility.

The responsible authority for waste management facilities (categorized under cleaning, sweeping, and
sanitation in the Public Administration and other services section) is based upon the quantity of waste
handled. For a facility that stores or treats waste from households, hospitals, industry, purification plants,
or similar facilities processing in excess of 75,000 tons per annum, a permit must be obtained from the
Franchise Board (i.e., Category A). For a facility processing in excess of 50 tons but not more than
75,000 tons, the permit must be obtained from the county. For facilities processing less than 50 tons per
year, no permit is required. However, a report must be filed with the municipal health and environment
committee.

A party intending to construct and operate a waste management facility is required to submit a written
request to the applicable authority. If it is to the National Franchise Board, the board is required to notify
the Environment Protection Agency, the county, and the local authorities concerned, and must publish a
notice of the application in the local press. The board also solicits comments from other national
authorities. Meetings with concerned parties are part of the licensing process.

Anyone intending to engage in an environmentally hazardous activity is required to choose a site where
the impacts of such activities can be minimized, and to take other reasonable precautions to protect the
environment. The basis for determining what is reasonable is what is technologically feasible,
economically reasomable, and cconomically justified. The Environmental Protection Act includes
provisions which require that anyone running such an environmentally hazardous operation must comply
with the conditions imposed in the permit. These include safety measures, operating limits, and
emergency response. Such conditions are generally in force for 10 years. However, permit limits and
conditions can be modified during the 10-year period in the event of unforeseen changes in the emissions
from the facility, significant changes in the conditions of the surrounding area, or new technology being
available which can substantially improve the level (or monitoring} of emissions from the facility.

Each environmentally hazardous activity is under the supervision of a responsible authority. The
responsible anthority can be the municipality’s environment and health protection committee, the county
administrative board, or the National Franchise Board for Environmental Protection. In each instance,
under the provisions of the Environmental Protection Act, the supervisory authority has the right of access
and the right to carry out necessary monitoring and checks. The operating parties are required to submit
to the responsible authority such information as is required by the supervising authority. An annual report
to the county or municipal authorities is required of each party conducting environmentally hazardous
operations. This report must describe the measures taken during the year to comply with the permit
requirements and the results obtained.
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If operating problems arise at a permitted facility, the supervisory authorities first {ry to resolve issues on
a voluntary basis. They can, if necessary, issue injunctions or fines. If warranted, the Environmental
Protection Agency ¢an demand a special investigation by the Franchise Board. The polluting activity may
then be prohibited or additional protective measures specified. Anyone who does not comply with the
requirements of the Environmental Protection Act or its related directives is liable for fine or up to two
yeats imprisonment. In addition, anyone disregarding regulations may be subject to a penalty equal to
any profit resulting from their failure to comply.

The Act on Products Hazardous to Health and to the Environment

The Act on Products Hazardous to Health and t¢ the Environment (1973), which superseded the earlier
Poisons Ordinance, Pesticides Ordinance, and PCB Act, provided for stricter controls over materials,
which, because of their chemical or physical properties, constitute a hazard to health or the environment.
The Act includes a requirement that anyone handling such materials do so in a proper manner to ensure
that all necessary precautions are taken to prevent any harmful effects, The Act also requires that the
producer or importer of materials thoroughly investigate the health and environmental properties of
materials to ensure that adequate safety precautions are taken if needed. The Act gave the authority to the
Product Control Board to intervene, if necessary, in the interest of protecting the environment. The
various measures available to the board include licensing requirements or prohibitions on handling or
importing substances where this is determined desirable.

The Ordinance on Products Hazardous to the Health and to the Environment, also issued in 1973,
contained more detailed sections addressing specific products, including poisons, pesticides, PCB, gasoline,
and cadmium. Pursuant to the Act and Ordinance, the Product Control Board has issued more detailed
regulations targeting specific products, such as batteries.

Since 1987, all Swedish municipalities have taken part in a campaign to collect small batteries. In
addition, the government imposed a ban on the sale of certain alkali batteries and an obligation to print
warnings on other batteries. The government has also instituted a ban (with certain exceptions) in using
cadmium in such things as plastics and paints,

The Environmental Damage Act

The Environmental Damage Act, passed in 1986, governs claims for indemnity for environmental damage.
This Act addresses compensation for personal injury and for pure financial loss caused to the surroundings
by operations performed on real property. The Act covers injury or damage caused by: (1) pollution of
water courses; (2) pollution of groundwater; (3) changes in groundwater level; (4) air pollution; (5) soil
pollution; (6) noise; and (7) vibration or other similar disturbances. The Act requires that there be a
substantial probability of a causal connection based upon the nature of the disturbance, other possible
causes of the damage, and other circumstances, and that damages or injury not caused by willful or
negligent acts shall be payable only if the disturbance causing the damage or injury "is not admissible with
regard to local conditions.” There are limits to the amount payable to each person and by each company
(about $900,000 per person and $35 million for a company).

The Act on Chemical Products
The Act on Chemical Products, passed in 1986, requires that manufacturers or importers perform a risk
assessment to serve as a basis for precautionary measures, such as labelling. Pursuant to this Act,

manufacturers and importers are required to replace environmentally harmful materials with other materials
less harmful when available. The National Chemicals Inspectorate regulates using chemicals in Sweden.
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The Ordinance on Vehicle Exhausts

The Ordinance on Vehicle Exhausts (1986) regulates emissions from automobiles. The Act requires that
vehicles for the 1989 model year and beyond meet tougher standards, similar to those in place in the U.S.

The Planning and Building Act

The Planning and Building Act (1987) placed greater responsibility for planning at the regional and local
level. In particular, it requires that all municipalities have in place a structure plan covering their entire
area.

The Natural Resources Act

The Natural Resources Act, passed in 1987, contains basic regulations related to the conservation and
development of natural resources, including special regulations for certain environmentally sensitive areas,
as well as regulations governing the review process related to certain industrial facilities.

The Vehicle Scrapping Act and the Vehicle Scrapping Ordinance

The Vehicle Scrapping Act and the Vehicle Scrapping Ordinance (1975) establish a system of
compensation to owners of vehicles who can provide evidence that their car has been property disposed
of.

Key Provisions of Major Legislation Specific to Solid Waste Management

The Cleansing Act and the Cleansing Ordinance

The first public Cleansing Act was issued in 1972, placing responsibility for collection and transport of
domestic waste on municipalities. The revised Act of 1979 also placed the responsibility for ensuring
waste treatment on municipalities. The Act and Ordinance provide the framework for domestic waste
management in Sweden. It is left to each municipality, with guidance from the Environmental Protection
Agency and the county administrations, to establish their own public cleansing acts specifically addressing
the management of domestic and other wastes in their jurisdictions. Pursnant to the Act, the costs of the
municipal waste management system are (0 be covered via a special fee for each household or homeowner.

The Environmental Protection Agency issued a report in 1988 entitled "Solid Waste and Environment."
This report established a strategy to meet certain goals: protection of health and the envircnment; savings
of natural resources; fostering sound economic development; protection of strategic materials; and
elimination of litter. The strategy proposed included:

* minimizing the use of dangerous materials in products;

e ensuring proper collection, treatment, and disposal of those dangerous materials that are
unavoidable; '

» minimizing the production of waste;
* recycling as much as is economically and technically possible; and

e treating the remaining waste in an environmentally sound manner.
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The Waste Bill

In May 1990, the Swedish Parliament approved a bill reflecting the goals stated in 1988. The bill
incorporated the following:

*  Waste is a burden upon the environment that producers must be responsible for, including a cost
responsibility.

*  Products must be as clean as possible, with the hazardous content in products and waste being
reduced.

* Reusing and recovering materials from the waste stream must increase.
*  Final treatment and disposal must be performed in an environmentally sound manner.

The Waste Bill of 1990 included various provisions to expand the "producer pays" concept. The bill
implemented additional requirements in terms of municipal responsibility to provide a specific waste plan
that details the sources of waste and its characteristics, and describes the collection, processing, treatment,
and disposal methods to be used. The bill also gives municipalities additional rights in terms of taking
responsibility for other portions of the waste stream. The bill, in turn, placed greater responsibility on
industry and the commercial sector to provide the municipality with information regarding waste products
being generated by their activities.

The Waste Bill also established that source separation is to be implemented such that, as of 1994, no
untreated, unseparated waste materials would be delivered to a landfill.

The bill emphasizes the need for reduction and, in some instances, elimination of hazardous materials in
products themselves. It identifies certain hazardous substances (e.g., cadmium, mercuty, mercury
compounds, arsenic, lead compounds, and organic tin compounds) that will be phased out or severely
restricted. The bill also increases requirements for producers and importers regarding substituting less
hazardous materials and paying greater penalties for failing to comply.

Finally, the bill contains provisions addressing returnable PET bottles and PVC, and establishes a
committee to review revisions to the packaging tax.

The government also established a special council (AFR, Avfallsforskningsradet) to manage research on
environmentally sound product development and waste management. AFR’s mission is to develop a
national program and strategy for a low-waste society, including developing and fostering programs
designed to develop environmentally safe products with the potential for maximum reuse and minimal
non-recyclable residues which can be safely disposed of. AFR is also directed to encourage
interdisciplinary efforts nationally and internationally related to waste minimization and environmentally
sound final treatment and disposal of residuals,

Recent Legislation

Recent legislation in Sweden has emphasized the concept of "producer responsibility.” The Eco-cycle bill,
which was passed in February 1993 and introduced into law in January 1994, seeks more efficient use of
materials and the production resources of the country by requiring greater participation by producers in
the production, recovery, and reuse of waste. The bill identifies several categories of materials to which
this principal may be applied, including packaging, electronics, electrical appliances, tires, plastics, and
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automobiles. The provisions of the bill shift responsibility for collection, treatment, reuse, and disposal
of process residues from the public sector to the producers and importers of packaging.

The first ordinance adopted by the government under the Eco-cycle bill is the Glass and Cardboard
Packaging Ordipance. This is due in part to the fact that the infrastructure for collection, recovery, and
recycling these materials is already in place in Sweden. Under the Ordinance, responsibility for the
collection and processing or disposal of the materials is placed upon the packaging producer.
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Regulation of Emissions from Waste-to-Energy Facilities

Waste-to-energy facilities, depending upon their annual throughput capacity, fall into A, B, or C categories
under the Environmental Protection Act. As previously indicated, facilities which process in excess of
75,000 tons per annum are required to obtain their license from the Franchise Board. Those that process
less than 75,000 but greater than 50 tons per year are required to obtain their license from the county
administration. The emission limits and operational requirements governing performance and testing of
the facilities are described in the individual permits. The Environmental Protection Agency has issued
guidelines relating to emission levels that each facility in Sweden is required to comply with. As described
below, these guidelines were issued in 1987 and provide a five-year period to bring existing facilities into
compliance. Table 2 details the waste-to-energy facilities in Sweden, their annual capacity, and
responsible licensing authority. Table 3 provides the recommended emission limits set forth by the
Environmental Protection Agency and the permit limits in place for several facilities. As indicated, each
facility has its own set of limits.

Moratorium on the Licensing of New Waste-to-Energy Facilities
History

On February 13, 1985, the Swedish EPA issued a moratorium on constructing new municipal solid waste
incinerators. This moratorium was because data indicated that municipal incinerators were a major source
of dioxins in the environment and data from 1984 showed the presence of dioxins in adipose tissues and
mothers’ milk. This, coupled with the findings that dioxins were extremely toxic to laboratory animals,
combined {0 raise significant public concern.

At the time of the moratorium, more than half of the domestic waste collected in Sweden was incinerated.
During the 1970s and 1980s, waste-to-energy became common in Sweden. This expansion was caused
by the rapid rise in oil prices, the readily available market for energy sales to district heating systems, and
governmental policy fostering the use of domestic alternative energy sources. Because municipalities were
responsible for both domestic waste collection and for the district heating systems, implementing of waste-
to-energy facilities servicing the district heating systems was greatly simplified. Thus, during the 1970s
and early 1980s, 15 new facilities were constructed.

Polychlorinated dibenzodioxins and polychlorinated dibenzofurans are part of a family of halogenated
aromatic hydrocarbons. This family also includes polychlorinated biphenyls. The chlorinated
dibenzodioxins and dibenzofurans are commonly referred to as dioxins. Dioxins are chemically stable and
break down slowly in the natural environment. Included in the dioxin family are some of the most toxic
compounds identified. There are 210 different chemical compounds included in the family of dioxins—
75 paradioxins and 135 dibenzofurans. These compounds have similar tricyclic aromatic hydrocarbon
structures and similar chemical characteristics. The toxicity and biclogical properties, however, do differ
significantly, in some instances by several orders of magnitude.

Because of the possible environmental impacts of uncontrolled emissions of polychlorinated
dibenzo-p-dioxins (PCDDs) and polychlorinated dibenzofurans (PCDFs) from various thermal
processes, these compounds have received and continue to receive considerable attention. Among
the various processes which emit these compounds are chlorination processes, such as
manufacturing bleached pulp and paper that use chlorine, chemical manufacturing processes that
involve the production of chlorinated compounds such as chlorinated phenols, herbicides, and
catalysts; combustion processes such as municipal solid waste, sewage sludge, hospital waste, and
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Table 2. Incineration Plants in Sweden April 1992

Capacity Responsible Licensing
Location (tons/yr) Flue Gas Cleaning Authority
Avesta 45,000 wet, dry, ff county
Bollmora 10,000 dry, ff county
Bollnas 20,000 dry, ff county
Borlange 20,000 wet, esp county
Eksjo 5,000 wet county
Goteborg 300,000 wet, esp Franchise Board
| Halmstad 80,000 wet, esp Franchise Board
Karlskoga 35,000 wet, wet, esp county
Karlstad 50,000 dry, ff county
Kiruna 50,000 wet county
Koping 50,000 dry, esp, ff county
Landskrona 12,000 dry, ff county
Lidkoping 50,000 dry, ff county
Linkoping 200,000 dry, ff Franchise Board
1 Malmo 220,000 dry, ff . Franchise Board
Mora 20,000 dry, ff county
Stockholm 220,000 dry, ff Franchise Board
Sundsvall 15,000 dry, esp county
"Umea 100,000 dry, ff Franchise Board
Uppsala 250,000 wet, dry, ff Franchise Board
Vastervik 20,000 dry, ff county

ESP - electrostatic precipitator; FF - fabric filter; WET - wet scrubbing; DRY - dry scrubbing.

All wet scrubbers have a heat recovery system through flue gas condensation.

Source RVF, Swedish Waste Management Association and Bergstrom, Jan, "Flue Gas Cleaning in Sweden - Present

Situation,” Waste Management & Research, 1993 II, 345-362.
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Table 3. Emission Limits for Various Waste-to-Energy Facilities

(Normalized at 10% CO,, dry gas)

Facility - Particulate HC] (60 Hg TCDD* NO,
Date of License (mg/m>) (mg/m3) (mg/m>) (ug/m?) (ng/m>)
Swedish EPA Limits 20 100 100 80 Existing 2 Existing
30 Planning 0.1 New
Avesta - 11/12/87 20 100 100 80 2
Bollmora- 01/29/91 20 100 500 Max. 80 0.5 400 mg/m3
NO,
Bollnas - 12/01/91 20 100 100 80 2
Borlange - 10/08/90 20 100 300 - 4 Straight 80 2
15 Min. Avg.
Eksjo - 07/22/88 20 100 100 80 2 400 mg/m3
NO,
Goteborg - 04/17/90 10 20 100 30 5 50 mg/Mj
0.1 - Target NO,
Halmstad - 07/09/87 20 100 100 30 0.5 300 m,g,/m3
NO,
Karlskoga - 08/02/89 20 100 100 30 0.1 200 mg/Mj
NO,
Karlstad - 08/27/87 20 100 80 0.5
Kiruna - 03/28/90 20 100 100 80 2
Koping - 05/23/90 20 100 80 2
Landskrona - 10/14/93 20 80 200 10 0.3 200 mg/M;j
NO,
Lidkoping 20 100 100 80 0.3
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Facility - Particulate HCI Cco Hg TCDD* NO,
Date of License (mg/m3) (mg/m3) (mg/m3) (ug/m3) (ng/m3)
Maimo - 09/19/86 25 150 150 25 g/ton
Input Waste
Mora 20 100 100 30 0.1
Stockholm - 06/30/87 20 100 100 80 2
Sundsvall - 11/29/90 20 100 100 80 2
Umea - 11/02/89 20 100 100 40 0.5 .55 kg/MW
NO,
Uppsala - 12/28/89 10 100 100 30 0.5 Thru 94, 1 gMI
then 0.1 NO,
Vastervik - 04/27/90 20 100 80 2
Linkoping - 10/08/85 20 100 100 80 0.3

Rev. 01/14/92

*TCDD Toxic Equivalents based on EADON equivalents. Caution is required in comparing emission limits for various

pollutants across countries, as testing methods, sampling protocols, and testing frequency vary and will affect results obtained.

Source: RVF, MALMO.




industrial waste incineration; automobile engines; and high-temperature metal processing operations, such
as ferrous and non-ferrous smelting and refining operations.

To account for the dramatic differences in toxicity among the various compounds, scientists have
developed an approach which is based on comparing the toxicity of a given compound with the toxicity
of 2-,3-7-8-TCDD, the most toxic member of the dioxin family. Toxic equivalents represent a
methodology for calculating the toxic effect of combinations of more than 200 different compounds which
comprise dioxin. The effects of the applicable homologues are compared to the toxic effect of TCDD to
determine the toxic equivalent factor. A substance that is 1/10th as toxic as TCDD will have a toxic
equivalence of 0.1. There are several sets of equivalence factors developed by various organizations.
Differences in the factors are attributable to differences in risk assessment methodologies, consideration
of different pathways, etc. Table 4 details several alternative toxic equivalence factors. Sweden uses the
EADON scale. This is subject to change as pressure for unifying of testing regimens increases among the
Scandinavian and European Union couniries.

Over the past decade, significant reductions in the levels of dioxin compounds emitted from various
sources have been realized as a result of changes in operating conditions and process modifications. In
Sweden in 1992, Dr. Rappe of Umea University estimated that changes implemented, including revising
to the emission standard for municipal waste combustors, resulted in a reduction in dioxin emissions from
400 to 600 g (toxic equivalents) per year in 1985 to 100 to 200 g (toxic equivalents) per year in 1991.

Lifting the Moratorium

In May 1985, the government assigned the then-National Energy Administration and the Environmental
Protection Agency the task of investigating engineering requirements and emission limits that should be
imposed on waste incineration. In November 1985, a research group was formed within the National
Environmental Protection Board to investigate the issue of dioxin emissions from municipal waste
incinerators, to correlate these emissions with potential health risks, and to formulate a program for dealing
with these emissions. The research group drew upon the expertise of other organizations, inctuding the
National Institute of Environmental Medicine, which evaluated the health risks associated with dioxins and
other pollutants.

The two agencies issued the results of their investigation in June 1986, in a report entitied "Energy from
Waste.” This report included sections addressing waste and its impact on the environment, energy
recovery from waste, using waste as a fuel, the status of waste-to-energy technology, slag and ash residues,
and recommendations regarding the future of waste incineration. It included evaluations of the energy
conterit of waste, discussion of various emissions (including dioxins), health and environmental risks posed
by different treatment approaches, characteristics of residuals, and recommendations regarding future
emission limits. In addition, the report addresses disposing slag and ash from waste-to-energy facilities.

The agencies recommended that slag (bottom ash) and fly ash be deposited separately and that household
waste not be deposited with bottom ash. They recommended that the disposal site be designed to the same
standards that apply to disposing residue from other solid fuels (e.g., coal and wood). These requirements
include that the site be covered with a barrier material, a drainage layer, and a cover of one meter of rock,
gravel, or sand covered by vegetation.

Among the conclusions of the report is that ".. Based on the evaluations of the impact of waste
incineration on health and the environment, the conclusion is that such incineration is an acceptable
method of treating household and industrial waste" ("Energy from Waste," Statens energiverk and
Natwrvardsverket, 1986, p. 18). This conclusion was dependent on implementing measures to restrict the
emissions for existing and future plants to the limits delineated in the report and as summarized in
Table 5.
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Table 4. Toxic Equivalent Factors

NATO EPA Factors EADON
Compound Factors Factors TA LUFT

2378-Tetra CDD 1 1 1 1
12378-Penta CDD 05 5 1 05
123478-Hexa CDD 0.1 04 .03 0.1
123678-Hexa CDD 0.1 04 .03 1
123789-Hexa CDD 0.1 .001 .03 0.1
1234678-Hepta CDD 0.01 0 0 0.01
Octa CDD 0.001 0 0 0.001
2378-Tetra CDF 0.1 0.1 0.33 0.1
12378-Penta CDF 0.05 0.1 0.33 05
23478-Penta CDF 0.5 0.1 0.33 05
123478-Hexa CDF 0.1 0.01 0.01 0.1
123678-Hexa CDF 0.1 0.01 0.01 0.1
123789-Hexa CDF 0.1 0.01 0.01 0.1
234678-Hexa CDF : 0.1 0.01 0.01 0.1
1234678-Hepta CDF 0.01 0.001 0.001 0.01
1234789-Hepta CDF 0.01 0.001 - 0.001 0.01
Octa CDF 0.001 0 0 0.001
Other Tetra CDD 0 0.01 0.01 -
Other Penta 0 0.005 0.01 -
Other Hexa CDD 0 0.0004 0.0003 -
Other Hepta CDD 0 0.00001 0.00001 --
Other Tetra CDF 0 0.001 0.003 -
Other Penta CDF 0 0.001 0.003 -
Other Hexa CDF 0 0.0001 0.0001 -
Otber Hepta CDF 0 0.00001 0.00001 --

21



Table 5. Recommended Emission Requirements

Emission Requirements

Hydrogen Chloride Emissions should not exceed 100 mg/nm® dry gas, 10% CO,,
calculated as a monthly mean value.

Mercury When inspected, emissions should not exceed 0.08 tng/nm3 dry
gas, 10% CO,. As product control measures are implemented, it
should be possible to reduce this value to 0.03 mg/nm®.

Particulate Emissions should not exceed 20 ng/m3 dry gas, 10% CO,,
calculated as a monthly mean value.

Dioxins When inspected, emissions from existing plants should not exceed
a target value of between .5 and 2.0 ng/nm? dry gas, 10% CO,.
The target value for newly constructed plants should be 0.1 ng/m?
dry gas, 10% CO,. The dioxin values are TCDD equivalents
calculated in accordance with EADON’s model and measured
during normat operations in conformity with recommendations of
the Nordic Dioxin Group.*
_

The National Environmental Protection Agency, in reevaluating requirements, will impose the
customary provisions telating to good combustion, residue handling, dust control, noise control, etc,

Operating a waste incineration plant on a continuous basis, and in such a manner that high
combustion efficiency can be maintained throughout the operating period, should be a general
requirement. The carbon monoxide in the flue gas should not exceed 100 mg/nma. If there is a risk
that this value will be exceeded, the auxiliary fuel supply must be connected.

Souarce:"Energy from Waste," Statens energiverk, Naturvardsverket, 1986.

*Comparing limits between countries must be bhandled with care. Different countries have different test
protocols, which can effect results. Thus, the numerical limits against which compliance is measured tay not
be directy transferrable.

Issued in 1987, the report formed the basis of the government’s decision that the moratorium not be
extended, the permitting of new waste-to-energy facilities be ailowed, and that the Environmental
Protection Agency work to ensure that existing facijlities be modified as necessary to comply with the
guidelines recommended in the joint report by no later than 1991. The agency reviewed all the existing
licenses and revised the conditions as necessary to comply with the guidelines contained in the report.
Although licenses are generally granted for 10 years, Clause 24 of the Environmental Protection Act
allows the agency to modify existing permits under certain conditions. In its decision, the government
stated that the agency should use that provision if needed to ensure that all facilities would comply with
these guidelines by 1991. The agency reviewed and revised the permit requirements to meet the
guidelines, As a result of implementing the changes, emissions from waste-to-energy facilities in Sweden
were reduced by as much as 95%, as shown in Table 6.
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Table 6. Yearly Emissions from Waste Incineration - 1985 and 1991

Parameters Units Emissions Emissions Percent
(1985) (1991) Reduction

Particulate T/Yr 420 45 ~90
HC1 T/Yr 8,400 410 ~95
SO, T/Yr 3,400 700 ~80
NO, T/Yr 3,400 3,200 ~6
Hg kg/Yr 3,300 170 ~95
Cd kg/Yr 400 35 ~90
Pb kg/Yr 25,000 720 ~97
Zn kg/Yr 54,000 2,800 ~95
Dioxins (TCDD e/Yr 90 8 ~90
EADON Equiv.)

Source: "National Information on the Environment,” RVF, 1993.
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Waste Generation, Collection, Processing, Treatment, and Disposal in Sweden

Generation

Domestic waste (exclusive of reused and recovered materials such as bottles, cans, newspapers, and
cardboard estimated at almost 400,000 tons in 1990) in Sweden totalled appropriately 2.7 million tons in
1990. This equates to approximately 320 kg per capita. Industrial waste totalled approximately
4.9 million tons, while hazardous waste totalled approximately 0.2 million tons, Figure 1 details the
amount of waste collected for the years 1985 and 1990. The composition of domestic waste is 35 to 45%
paper; 25 to 35% kitchen or garden waste; 8 to 10% plastic; 6 10 8% glass; 2 to 4% metal; 2 to 4% textile,
leather, and rubber; 1% wood, and 6 to 8% miscellaneous.

Collection

Collecting waste is the responsibility of the municipalities. They or their agents, through contracts, collect
all domestic waste generated in Sweden. Approximately one-third of the municipalities provide collection
services themselves, while the balance contract with various private companies. On a tonnage basis, about
50% of the domestic waste generated in Sweden is collected by the municipalities directly, and 50% is
collected by private contractors on behalf of the municipalities.

Recycling
Paper

Figure 2 summarizes paper recycling from 1985 to 1991. The amount recycled grew from 240,000 to
355,000 tons. The percentage recycled increased from about 45 percent to more than 60 percent.

Glass

Figure 3 shows glass recycling from 1985 to 1991. Glass recycling grew from about 15% (22,000 tons)
in 1986 to more than 40% (57,000 tons) in 1991,

Aluminum

In 1982, as a result of Parliament mandating a recycling program for aluminum beverage cans, AB
Returpak was formed to run a deposit system. The deposit system was introduced on March 1, 1984,
In 1992, approximately 85% of aluminum cans were recovered. In 1993, 800 million returnable cans were
recovered, representing 92% of the total used.

Processing, Treatment, and Disposal

Sweden relies heavily on waste-to-energy facilities to process its MSW. More than 50% of the domestic
waste (exclusive of recycled materials) in Sweden was processed at 21 waste-to-energy facilities in 1992,
ranging in capacity from 5,000 to more than 300,000 tons per year. Figure 4 shows how household waste
was treated from 1975 to 1992. Landfill disposal fell from 65% in 1975 to approximately 45% in 1991,
while waste-to-energy grew from slightly less than one-third to more than 50%. There were an estimated
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FIGURE 4
TREATMENT OF HOUSEHOLD WASTE
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280 landfills in Sweden in 1992 (40t with methane gas recovery), down from more than 400 in 1980.
Ninety percent of the landfills are owned and controlled by municipal interests.

Most of the energy generated from waste-to-energy facilities is used in district heating systems. In 1991,
approximately 15% of the total district heating production in Sweden was from wasie-to-energy plants.
In some jurisdictions, waste-to-energy accounts for as much as 40% of the district heating requirements.

There are 11 separation or composting facilities which process approximately 5% of the domestic waste
stream, producing 70,000 tons of fuel and 40,000 tons of compost. From 1965 to 1981, Swedish
municipalities invested over SEK 1.4 billion in separation and composting facilitics. These facilities
mechanically separate the waste into different fractions (fuel, compost, and scrap). About 90% of the fuel
component is combusted in existing waste-to-energy facilities, along with unsorted domestic waste. Most
of the compost produced 1s used in covering landfills.
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Appendix A

Meetings and Tours Conducted in Sweden

Monday, November 1, 1593

3:00 - 5:30 p.m. Mr. Claes Akesson
Head of Section
Ministry of the Environment and Natural Resources
$-103 33 Stockholm
Sweden
TEL 46 8 763 201 32
FAX 46 8 21 91 70

Tuesday, November 2, 1993
9:00 a.m. - Noon Dr. Lars Guldbrand

Principal Program Manager
Mr. Bengt Bostrdm

Docent

Mr. Sten Afeldt
Civ Ing

Nuteck

Liljeholmsvigen 32

S5-117 86 Stockholm, Sweden
TEL 46 8 681 93 66

FAX 46 8 681 93 28

1:00 - 2:00 p.m. Dr, Sverker Hogberg
Director
Avfallsforskningsridet AFR
Swedish Waste Research Council
Box 47148
S-100 74 Stockholm, Sweden
TEL 46 8 681 94 25
FAX 46 8 681 92 19

5:3¢ - 7:30 p.m. Mr. Bengt Jobin
Dep. Director
Federation of Swedish Industries
Environmental and Energy Department
Box 5501
S-114 85 Stockholm, Sweden
TEL 46 § 783 81 02
FAX 46 § 662 35 95



Wednesday, November 3, 1993

9:00 a.m. - 2:00 p.m. Mr. Bo Drougge
Principal Technical officer
Waste Management and Recycling Section
National Environmental Protection Agency
Englundaviagen 13
S-171 85 SOLNA
Sweden
TEL 46 8 799 10 00
FAX 46 8 799 12 53

Thursday, November 4, 1993

9:00 a.m. - 2:00 p.m. Mr. Erik Rensfelt
Managing Director
Mr. Niklas Berge
Managing
TPS Termiska Processer AB
Studsvik, S-611 82 Nykdping, Sweden
TEL 46 155 22 13 00
FAX 46 155 26 30 52

4:30 - 7:00 p.m. Mr, Jan Bergsttom
President and CEO
Miljékonsulterna
Box 154, S-611 24 Nykdping, SWEDEN
TEL 46 155 22 25 01
FAX 46 15521 03 84

Friday, November 5, 1993

9:00 a.m. - 2:00 p.m. Mr. Bo Audelius
Fil. kand.
Ms. Lotta Retzner
Civilingenjor
RVF.
Swedish Association of Solid Waste Management
Osterg. 30
211 22 Malmd
TEL 40-10 40 45
FAX 40-97 10 94



Tuesday, November 9, 1993

9:00 a.m. - 4:00 p.m. Dr. Christofer Rappe
Fil. Dir.
Dr. Stellan Marklund
Research Scientist
Institute of Environmental Chemistry
University of Umeé
S-901 87 Umed, Sweden
TEL 090-16 52 66
FAX 090-18 61 55
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