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Can economic growth and environmental sustainability coexist? This book describes how
emissions and use of natural resources has changed in Sweden over time.
Since 1990, Sweden's population has increased by more than 1.6 million and the economy has
almost doubled. At the same time, environmentally harmful emissions, and the use of natural
resources in many areas have decreased both in absolute and relative terms. CO2 emissions
decreased by 27 percent between 1990 and 2018. Per GDP, CO2 saw a decline by 60 percent
during the period.
Consumption of water, electricity and energy has remained constant during this period, despite
such an increase in GDP. Out of 26 measured pollutants, 24 had declined 1990-2018. The
decline was on average 52 percent, and per GDP 77 percent.
These results give cause for cautious optimism.
If Sweden can combine a growing economy with an improved environment, other countries can
follow.
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Preface
Is the environment getting better or worse? Is economic growth compatible with sustainable
development? With this book these important and complex questions are addressed. We are
neither the first nor the last researchers to address these issues.
As far as possible, the task has been approached without indulging in either pessimism or
excessive technological optimism. The purpose is primarily empirical: describing reality with
relevant statistics. Although the book also addresses some of the explanations for the results,
the books’ primary purpose is not to introduce or develop new theories in the area. The goal
has rather been to systematically collect as much interesting data as possible regarding the
interplay between economic and environmental development in recent decades. The hope is
that this book will contribute to an in-depth and fact-based analysis, without diminishing the
great challenges that exist in Sweden and the world.
Trying to answer such big and important questions obliges. The core of the book is found in the
extensive empirical work that has been done regarding data collection, compilation, and
analysis. During 2020, several of Ratio's assistants and trainees have made significant
contributions to this work. A special thank you goes to Axel Wieslander, Rasmus Paulsson,
Jonathan Grosin, Jannis Giannopoulos and Tahrin Mir, Carl Alm and Sara Svensson who all
contributed both with valuable analysis work and good ideas. Several of these people have also
been co-authors of the articles and reports written within the framework of this work (e.g.,
Grafström et al., 2020).
Nor would it have been possible to address such a large issue if there were not already
significant amounts of data collected regarding how the environment and the economy factually
develops. Several Swedish authorities have done an important job here for several decades. The
Swedish Environmental Protection Agency, the Swedish Energy Agency and Statistics Sweden
are particularly notable. To you we are grateful.
We also owe a big thanks for the inspiration of the book that Andrew McAfee at MIT originally
gave us. Also. in earlier stages of the book's development valuable feedback was received from,
among others, Maria Wetterstrand and Professor Patrik Söderholm. Several researchers at Ratio
have read the manuscript and given important feedback. Of these, Nils Karlson, Martin Korpi
and Karl Wennberg are particularly notable. Ratio's communication department has also been
helpful with both the publication and its dissemination. Thanks to Johanna Grönbäck, Ida
Arnstedt and Henrik Ulfvarsson. We, the authors, are responsible for any mistakes that remain
in the script.
This is a translation of Grafström and Sandströms book Mer för mindre? Tillväxt och hållbarhet
i Sverige (2020).
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Said about the book
“This book describes in an easily accessible way how political instruments and new technology
have reduced the environmental impact in several ways. The authors instill a liberating
optimism while at the same time huge challenges remain, not least how technology together
with other initiatives can handle the climate issue.”
Ulrika Lindstrand, CEO The Swedish Association of Graduate Engineers
“With this excellent book, Grafström and Sandström show us that the phenomenon of getting
more from less is a widespread one. We can't become complacent, but their work highlights
that we should be optimistic, because we now know how to improve both the human condition
and the state of Nature at the same time.”
Andrew McAfee, researcher and author at Massachusetts Institute of Technology (MIT)
"Grafström's and Sandström's book shows convincingly how the interplay between investments
in industrial technology development, regulations and changing customer demand has made it
possible to combine economic growth and reduced environmental impact in many areas.
Although there is still much to do in the environmental field, the results are correct to cautious
and much-needed optimism."
Klas Wåhlberg, CEO the Association of Swedish Engineering Industries
“The link between the environment and economic growth has been lively debated since Thomas
Robert Malthus published his book "An Essay on the Principle of Population" in 1798. Malthus'
thesis was that if no measures were taken, population growth would lead to poverty, disease
and famine. A more general variant of this thesis, which has been pursued in modern times, is
that economic growth inevitably leads to catastrophic environmental degradation and that we
deplete our natural resources. In the publication "More from less", written by Jonas Grafström
and Christian Sandström, the question is asked whether it is really the case that economic
growth necessarily leads to increased consumption of natural resources and increased
environmental degradation. The answer given, based on empirical data, is that this is not
necessarily the case. On the contrary, Swedish data show that the consumption of many natural
resources and most emissions has decreased over time in Sweden, despite an increased
population and high economic growth. For those who are interested in questions about growth
and the environment, I really recommend this publication. A number of areas are treated and
highlighted, in an easy-to-understand way, that are central in getting a fact-based picture of
what the connection between growth and the environment looks like in Sweden.”
Runar Brännlund, professor environmental economics, Umeå University
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Statistical summary
•

•

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

The world's carbon dioxide emissions are still rising, which is a problem that requires
further work. Empirical data from Sweden show that it has been possible to combine a
growing economy with shrinking environmental impact. The Swedish case indicates
that positive change can take place and possibly also apply to other countries.
Since 1990, Sweden's population increased by just over 1.6 million and the economy
almost doubled. At the same time, carbon dioxide emissions declined 27 percent
between 1990 and 2018. GDP per carbon dioxide unit decreased during the period by
60 percent.
Since 2008 (the first year the authors have available data from), consumption-based
emissions from abroad have decreased.
Between 1990 and 2018, total emissions from passenger cars decreased by 21 percent.
Total emissions from cars decreased despite the number of cars increasing by 1.2
million.
Greenhouse gas emissions from domestic transport decreased by 15 percent from 19.3
million tons in 1990 to 16.5 million in 2018.
Emissions from domestic aviation decreased by 13 percent while emissions from
domestic aviation increased by around 250 percent.
Household energy consumption per capita has decreased by about 23 percent since 1983
from 11 to 8.5 megawatts per year.
Total electricity usage increased by 2.8 percent since 1990. Per capita and per unit of
GDP, electricity usage decreased.
Emissions of greenhouse gases from Sweden's electricity and district heating production
decreased by about 25 percent since 1990.
Of the 26 dangerous air emissions for which Statistics Sweden have available statistics,
24 have decreased. In many cases, the reduction exceeded 50 percent.
After the 1995 ban on lead in petrol, lead emissions decreased by 95 percent. Between
1990 and 2018 the annual lead emissions in air decreased from 354 tons to under 10.
Emissions of sulfur dioxide decreased by 80 percent since 1990. The decline in the use
of coal and heating oil seems to be the main reason for the decrease.
Chlorofluorocarbons (CFCs), also known as freons, have decreased by almost 93
percent since 1990.
Large emission reductions of nickel, cadmium, chromium, copper, nickel, and arsenic
occurred since 1990.
In Sweden, less water was extracted in total and per person since both 1970 and 1990.
Household water usage per capita has fallen by around 15 percent.
An average dairy cow produces approximately 8700 liters of milk in one year, in 1970
the production was 4000 liters.
One hectare yields an average of four to five tons of spring wheat, while the
corresponding figure in 1970 was three tons.
Despite fewer hectares being cultivated, harvests have generally increased.
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Table 1 Emissions and consumption of natural resources. The change in the specified time
period is set in relation to how GDP has changed during the same period.
Years

Change (+/- %)

GDP increase (%)

Change per GDP-unit (%)

1990–2018

-27

85

-61

CO2 2008–2017

-10

18

-24

Greenhouse emissions from 1990–2018
domestic transports

-15

85

-54

Gasoline usage

1990–2018

-48

85

-72

Greenhouse emissions from 1990–2018
cars

-21

85

-57

Energy consumption

1990–2018

-1

85

-46

Electricity consumption

1990–2018

3,5

85

-44

Water usage

1990–2018

-1,8

85

-43

Freon emissions (CFC)

1990–2018

-91,3

85

-95

1

20

-15

CO2 emissions
Consumption-based
emissions

Use of chemical products that 2008–2018
are hazardous to health and
the environment (including
exports)

11

Table 2 Emissions of air pollutants 1990–2018. Emissions are stated as percentage change of
1990 levels. In the column on the far right, emissions have been set in relation to the increase
in GDP of 85 percent that has taken place during this period. Source: Swedish Environmental
Protection Agency (Retrieved from Statistics Sweden's database)
Air pollutants 1990–2018

Change
emissions

in Change in Emissions
per GDP-unit

(+/- %)

(+/- %)

-54

-75

Volatile organic compounds -63
(t)

-80

Sulfur dioxid (SO2) (t)

-83

-91

Ammonia (NH3) (t)

-12

-52

PM2.5 (t)

-59

-78

PM10 (t)

-43

-69

TSP (t)

-32

-63

Carbon monoxid (CO) (t)

-69

-83

Lead (Pb) (kg)

-97

-98

Cadmium (Cd) (kg)

-79

-89

Mercury (Hg) (kg)

-74

-86

Arsenic (As) (kg)

-86

-92

Chromium (Cr) (kg)

-74

-86

Cupper (Cu) (kg)

-37

-66

Nickel (Ni) (kg)

-75

-86

Selenium (Se) (kg)

+10

-41

Zinc (Zn) (kg)

-57

-77

Dioxin (g I-Teq)

-65

-81

benzo(a)pyrene (kg)

-64

-81

benzo(b)fluorants (kg)

-61

-79

benzo(k)fluorants (kg)

-71

-84

Indeno(1,2,3-cd)pyrene (kg)

-59

-78

PAH 1–4 (kg)

-60

-78

HCB (kg)

-83

-91

PCB (kg)

2

-45

Nitrogen oxid (NOx) (t)
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1. Introduction
Think about the world. War, violence, natural disaster, man-made disasters, corruption.
Things are bad, and it feels like they are getting worse, right?
Hans Rosling in Factfulness (2018, p. 13)
The late professor Hans Rosling showed that people systematically misjudge the state of the
world. No matter if it regards poverty, child mortality, and literacy, experts as well as the public
believe that the trend is in the wrong direction. The reality is that the world has seen huge
increases in prosperity and improvements. More people are literate and attend school, poverty
decreases, and child mortality decreases (Rosling et al., 2018; Pinker, 2012).
What about the environment? Sometimes a picture is conveyed that the environment is only
getting worse and that there is not much hope for improvement. Is that picture correct or is
Rosling's reasoning about people’s inability to see progress also applicable to sustainability?
Sweden's economy and population increased between 1990 and 2018. Since 1990, Sweden's
population has increased by just over 1.6 million and the economy almost doubled (Statistics
Sweden, 2020a). At the same time, carbon dioxide emissions in Sweden between 1990 and
2018 decreased by 27 percent. GDP per unit of carbon dioxide fell during the period by 60
percent. More economic activity was derived from for less resources. The improvements were
accomplished without moving emissions into other countries. Consumption-based emissions
from abroad have fallen since 2008.
The purpose of this book is to empirically map how environmentally harmful emissions and the
use of natural resources in Sweden changed over time and relatedly, to put emission and
resource use in relation to economic growth. The purpose is not to relativize or trivialize the
seriousness of environmental issues. The authors have in several previous publications
highlighted the serious environmental challenges as well as written about the transition to
renewable energy and carbon capture.
Empirical data was reviewed on various emissions, production, and natural resources. The
results are cautiously positive: Overall, more prosperity is derived from less natural resources.
In most of the variables studied, it is possible to see an absolute decrease in emissions. An
absolute decrease in emissions means that the decline is also relative as per capita emissions
have thus decreased.
The inspiration for this book comes from the book More for less written by MIT researcher
Andrew McAfee (2019), and the essay "The Return of Nature: How Technology Liberates the
Environment" by Jesse Ausubel (2015). McAfee and Ausubel showed that the US economy is
dematerializing. Dematerialization means that fewer natural resources are used for the same
consumption (cf., e.g., Weber and Sciubba, 2019).
The timeframe matters. Our choices are generally governed by data availability. From the
beginning of the 20th century until the 1970s, both emissions and population increased. Some
emissions did not exist or were observed in the early 20th century. In most cases, there is data
from the early 90s. Environmentally hazardous emissions were higher before the 1990s and
awareness of them as well as work for reduction began a few decades before, for example, the
UN Climate Panel IPCC was founded in 1988.
This book begins with a short review of literature on the theme of growth theory and
sustainability where some of the mechanisms that can lead to sustainable growth are described.
The emissions development is treated in several specific areas in a section which explains how
and why the emission reduction development occurred. This is followed b a discussion about
13

which of the forces: market, technology or policy have been central to the various
environmental successes. These forces can be difficult to isolate, but there are many indications
that both market mechanisms and policies in the form of environmental taxes and
environmental legislation have had a substantial impact.
The next chapter provides a background to the relationship between economic growth and
sustainability. The development is then described across several areas, chapter three is about
carbon dioxide, chapter four: energy and electricity usage, chapter five: pollution, chapter six:
water and waste, and chapter seven: agriculture and forestry. Chapter eight summarizes and
discusses the results. Chapter nine provides a brief conclusion and summary.
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2. Background: economic growth and sustainability
The biologist Paul Ehrlich's book The Population Bomb (1968) raised an old and recurring
concern about the population issue. Malthus (1766–1834), the father of negative predictions,
was the economist who in 1798 published An Essay on the Principle of Population arguing that
thought the estimated 500 million people on Earth at the time would face mass starvation and
death.
The opposite conclusion is drawn by Alva and Gunnar Myrdal. In Crisis in the Population
Question (1934), they oppose Malthusianism and instead formulate radical reform demands for
an increased population. The Myrdal couple believed that a population increase was needed as
the population otherwise risks decreasing and the number of elderlies to support would be too
many. When Myrdal’s book came out the economy was booming, and the Malthusians were
retreating. It was far from the first time. In 1901, for example, the Swedish economist Knut
Wicksell, a prominent expert on Malthus, wrote:
“Through an irony of fate, the economic development throughout our century has also
seemingly constituted a strong refutation of Malthus' predictions; for in spite of an increase in
population, faster than in almost any previous epoch, prosperity in Europe and elsewhere in the
world has by no means diminished, but has, on the contrary, increased.” (Knut Wicksell, 1901,
p. 47)
Looking back at 1934 and 1901 and other times of human concern for change, we can conclude
that humans generally have an enormous capacity to solve self-inflicted problems. At the same
time, the last few centuries have been a dark environmental history in many respects.
One of the most famous pieces of music in the concert "Last Night of the Proms" held annually
in London's Royal Albert Hall is "Jerusalem", a patriotic English hymn, after a poem by
William Blake (found in the preface to Blake's work Milton from 1804). It includes the phrase
"And was Jerusalem built here, among these dark satanic mills?" Blake refers to the
manufacturers that had begun to be established in the UK. Blake is said to have considered
industrialization destructive to human nature and to interpersonal relationships.
London, the capital of the Industrial Revolution, became notorious for its high concentration of
air pollutants. The smog created when fog and the billowing smoke of factory chimneys
combined was constantly heavy over London, during certain particularly devastating times with
the death of many Londoners as a result (Polivka, 2018).
Criticism of societal development is evident in both Richard Wagner's opera Rhenguldet 1869
and in J.R.R. Tolkien's book from the mid-1950s The Lord of the Rings. The later was inspired
by Wagner's observations of the industrialization of the Western world during the 19th century
with its consequences for people and nature. Tolkien's critique is noticeable in the books and is
repeated in the modern film adaptations. In the film, the wizard Saruman thunders: “The old
world will burn in the fires of industry. The forest will fall. A new order will rise”. Saruman’s
Isengard becomes the very image of industrialization, abuse of power and environmental
destruction.
After a century of environmental destruction, it is understandable that many views development
as darkness. At the same time, there are beacons of light. The MIT researcher Andrew McAfee
(2019) has shown that the United States uses fewer natural resources to achieve more wealth
per capita, and in some cases even in absolute numbers. As humanity becomes richer, resources
seem to be used more efficiently, less energy is used, and less pollution is caused. In addition,
previous contaminants are cleaned up. McAfee uses empirical data and many examples, but the
hopeful results have nevertheless been encountered with skepticism as the issue is politically
15

controversial. However, there are several different forces in the economy that can make growth
compatible with sustainability.
2.1 Factors leading to sustainable growth
In the article "The uncertain future - a study in adaptation mechanisms" (1974), the late
Swedish professor of economics, Assar Lindbeck, discusses issues of the environment and
economic growth wrote:
"neither the availability of minerals, energy or other factors of production nor the existence of
local external effects, such as "ordinary" pollutants can be expected to be particularly difficult
problems to solve in the future". (Lindbeck, 1974, p. 472, our translation from Swedish)
According to Lindbeck, a lack of resources is not likely to be a problem in the future since the
price mechanism economizes on scarce resources If an asset is about to run out, the price goes
up, which means that fewer people will use the resource at the same time as it becomes more
rational to search for and develop substitutes.
The effectiveness of the price mechanism is well illustrated by what happened when biologist
Paul Ehrlich in 1980 bet with economist Julian Simon that the prices of five selected metals
would rise sharply during the following decade. Ehrlich - author of the best-selling and
influential book The Population Bomb (1968) in which he writes that population growth is
problematic and must be reduced - was based on the premise that humanity would face a greater
and greater lack of resources. Economist Simon believed the opposite - and won the bet. All
prices fell in real terms (Sabin, 2013).
Efficiency gains occur continuously for the use of resources. Firms in a competitive market
have strong incentives to manage resource use to lower costs. Firms will thus be inclined to use
new technology and organize their operations so that they use fewer resources. Examples can
be found in the Swedish company Bona, which by developing the world's first water-based
floor varnish could lower costs and no longer needed to use the toxic and carcinogenic
chemicals that dominated the industry. For the hearing aid industry, the introduction of 3D
printers and 3D scanners led to lowered costs, less transport of physical products and a cleaner
manufacturing process (Sandström, 2016).
Firms thus have incentives to engage in technology development and make use of less resources
to produce products. Economist William Baumol (1962; 2004) showed that most firms have no
choice, but that competition in an open market necessitates all firms in an industry to develop
and rationalize production if other companies do so. If firms lack the incentive to do so, Baumol
argues, laws and regulations need to be changed so that it becomes rational for economic actors
to innovate and economize.
2.2 Externalities and environmental pollution
A considerable amount of economic literature deals with humans’ negative impact on the
environment. Simply put, this research is about various external effects, and that environmental
degradation occurs as a side effect of economic activity.
If, because of its production, a factory releases toxic waste into nearby rivers a third party is
affected. Because the impact is on third parties, the market price or cost of production does not
reflect the actual resource used. Consequently, it becomes rational for a company to continue
producing without taking the environment into account. Short-term prosperity is gained, but at
the expense of the environment. The example can also be used on a more general level:
Consumers buy goods, but the cost of consumption is not fully reflected in the price. It may be
packaging that needs to be handled afterwards as well as transports of various raw materials
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and end products which leads to emissions. As a result, humans do not take their environment
into account, whereupon toxins accumulate, greenhouse gas emissions increase, and more
resources are used. Infinite growth is an impossibility in a finite world, as someone put it.
Lindbeck (1974) argued that external effects in the form of environmental pollution are
relatively easy to deal with at the local or national level. In these instances, policy works
relatively well as an adjustment mechanism. According to Lindbeck, the greater challenges are
likely to arise in cases where the negative externalities span national boundaries and are more
global in nature.
To overcome market failures, different policies can be used. To implement an effective
environmental policy, decision-makers must understand the relationship between effort and
costs (Isaksson, 2005). A policy can be designed as a direct intervention that prohibits certain
activity or as the promotion of technical solutions. Policies can provide incentives for new
inventions and innovations that address past problems without reducing the benefit to
consumers. For example, new production methods can be employed that pollute less bu.t result
in the same industrial output.
The time frame available for preventing emissions leading to negative and long-term climate
change is limited. Technology can affect emission levels and change the amount of goods that
can be created on the corresponding level of emissions. An improved technology can thus either
mean less emissions than before without reducing the current level of consumption or enable
increased consumption at an unchanged level of greenhouse gas emissions (Del Río, 2004).
In general, it can be said that laws and regulations need to be designed so that it becomes
profitable and rational to take the environment into account (cf., for example, Erik Dahmén's
article Put a price on the Environment from 1968). Internationally, greenhouse gases have been
underpriced according to both Nordhaus (2011) and Weyant (2011). A problem for
environmental policy is that if a government does not commit to a credible policy with, e.g.,
emission prices, private investment in research and development (R&D) is affected (Nordhaus,
2011). If companies do not believe that the government is bound by its goals, incentives for
long-term R&D will decrease.
The relevant issue for companies that conduct environmental R&D is not the current pollution
price but the possible price in the future (Jaffe, Newell and Stavins, 2005; Nordhaus, 2011).
Empirical observations suggest that both the speed and direction of technological progress
depend on market and policy incentives.
2.3 Sustainable or unsustainable growth – an empirical question
If the reasoning about externalities is taken to an extreme, it follows that economic growth and
sustainable development are incompatible. However, there are studies indicating that this is not
necessarily the case. Stanford researcher Morris Abramowitz showed in 1956 that only 15
percent of the growth in the American economy in 1870–1950 could be explained by the fact
that more resources had been used. The remaining 85 percent of the increase in GDP came from
such things as innovation and rationalizations (Abramowitz, 1956). Economic growth can thus
take place partly by utilizing more resources, and partly by using resources more efficiently.
For a long time, economics had difficulty managing these efficiencies and often regarded
technological development as exogenous, so it was not incorporated into the mathematical
models.
In 1957, Nobel laureate Robert Solow came to similar results as Abramowitz. The Nobel Prize
in Economics 2018 was awarded to Paul Romer for his work in developing endogenous growth
theory, i.e., models and theories that to a greater extent consider that economic development is
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about innovation and changes in human capital (Romer, 1990). Romer’s work provides some
explanations to the results obtained by both Abramowitz and Solow.
The theoretical arguments therefore seem to go in both directions. The theory of externalities
suggests that environmental pollution becomes rational. The new growth theory on the other
hand suggests that the existence of technological development, environmental legislation, a
functioning pricing mechanism, and the creation of property rights can result in economic
growth and reduced environmental impact.
However, these theories are nothing more than just theories. Ultimately, they must be set against
reality to see if they are true or not. The next chapters presents descriptive statistics on
developments in several different areas.

18

3. Carbon dioxide
Human economic activity, which has historically been heavily dependent on fossil fuels, is
increasing the atmospheric concentration of carbon dioxide. The CO2 increase drives global
warming. Although carbon dioxide (CO2) is a normal component of the atmosphere and has
made life on earth possible, there is no doubt that increased concentrations can change the
climate in a way that is a very critical mix of dangers such as changing weather patterns with
increased variability and extreme elements, rising sea levels and drought (Dietz and Maddison,
2009; Suganthi and Samuel, 2012). These previous estimates of what can be assumed to be a
“safe” level may need to be revised downwards (Steffen et al., 2018).
The average temperature on the planet was 1.1 ° C degrees higher in 2017 than in 1880 (World
Meteorological Organization, 2018). For the objective of the temperature increase not to exceed
2 ° C, the atmospheric CO2-equivalent concentration must not exceed 480–530 PPM by the
end of the century (IPCC, 2014a, b). In May 2018, the atmospheric concentration of CO2 was
410 ppm. It is the highest value in 800,000 years (Scripps Institution of Oceanography, 2018).
In August 2020, we were up to 414 ppm (NASA, 2020).
The lower target of 1.5 ° C from the Paris Agreement is ambitious, and models suggest that it
is already too late to achieve (Rogelj et al., 2013; IPCC, 2018; Hulme, 2020). Others believe
that ambitious climate measures are still possible (see, e.g., Millar et al., 2017).
However, the measures announced so far in connection with the Paris Agreement are not
expected to be sufficient to keep the concentration of CO2-equivalent gases below around 500
ppm (Rogelj et al., 2016; IEA, 2020a).
Table 3 Possible routes to limit heating to 1.5 or 2 degrees. Source: UK Committee on Climate Change,
2016.

Ambition level

Decades of global zero (net) emissions
Only carbon dioxide

All greenhouse gases

1.5-degree heating

2040

2060–2080

Below 2 degrees heating

2050–2070

2080–2090

Note: The time scale is based on cost-optimal route choices in an integrated global climate
model. All roadways assume that measures at the global level are limited until the year 2020 and that carbon dioxide emissions will be

net negative by 2100. "Below 2 degrees" refers to a 66 percent chance of achieving that goal. The "1.5-degree road" assumes a 50 percent
chance of returning to a road where it is possible to reach 1.5-degree heating. There are no scenarios for a lower heating than 1.5 degrees.

Translated into absolute amounts of greenhouse gas emissions a temperature increase of
2°
C at the end of the century allows a total accumulated human emission, a so-called “carbon
dioxide budget”, of approximately 3000 GtCO2, i.e., 3,000 billion tons of carbon dioxide
(IPCC, 2014a). Several greenhouse gases can contribute to increased heating, with different
degrees of potency. In total, these gases are often measured collectively in CO2 equivalence,
i.e., the amount or concentration of carbon dioxide that would result in the same heating effect
as the various individual gases.
In 2015, it is estimated that the amount of carbon dioxide-equivalent emissions so far produced
by humans amounts to 2035 ± 205 GtCO2 (Le Quéré et al., 2015; Fuss et al., 2014). Data from
the International Energy Agency point to an emission level of 32.5 Gt, although with basically
increasing levels every year since the year 2000, and with 2017 as a record year with 1.4 percent
increase (IEA, 2018).
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Continued growth in the same direction will quickly overwhelm the remaining carbon budget.
Given the current estimated carbon dioxide content in the atmosphere (2035 GtCO2) and annual
emissions of either 2, 1 and 0 percent, the carbon budget will be overdrawn in 2030, 2040 and
after 2045 in each case (see graph below, own calculations). Thus, even with a sharp reduction
in emissions, there is a significant risk that the budget will be exceeded in the relatively near
future.
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Figure 1 Own calculations of when the carbon budget is exceeded based on IPCC estimates, 3,000 is the ceiling that
should not be exceeded.

At a conference organized by Climate Action Tracker (2015), the organization concluded that
even if the national contributions to reduce CO2 emissions decided in Paris are fully
implemented and policies with a similar level of ambition are implemented after 2030, the
median warming at the end of the century would still be 2.7 ° C. The IPCC (2014a) calculates
carbon budgets that are compatible with a 66 percent chance of limiting heating to different
specific temperatures. With current emission levels, the budget required to limit warming to 1.5
° C seems likely to be exceeded in about 5 years, and to keep warming within 2 ° C or 3 ° C,
this will happen in 20 and 55 years.
Research that shows that different types of feedback effects, which can occur at so-called
"tipping points", can lead to rising temperatures at an ever-faster rate despite decreasing human
emissions, for example through reduced reflection from shrinking ice sheets, the so-called
Albedo effect (Schellnhuber, 2009) or release of methane from permafrost areas (Schuur et al.,
2015; Steffen et al., 2018). A tipping point is a point (although somewhat undefined) where the
global climate goes from one stable state to another stable state, in the same way as when a
glass of wine falls over. When a tipping point has passed, a transition to a new state takes place.
The point can be irreversible, comparable to wine that has flowed out of an overturned glass even if you set up the glass, the wine will not return.
Increased heat also activates microbes in the soil that help to release carbon dioxide from
organic material to a greater degree, similar to the process in an ordinary compost that goes
much faster in connection with a long heat wave. This may be a new problem as many
researchers previously assumed that increased carbon dioxide in the atmosphere would lead to
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increased growth of forests and vegetation which in turn would help capture carbon and
counteract the effects of global warming.
A study published on 2018 in the journal Nature showed that this process proceeds as
geothermal energy and occurs faster than plants through photosynthesis absorb carbon dioxide.
The researchers found that the rate at which microbes transfer carbon dioxide from Earth to the
atmosphere has increased 1.2 percent over a 25-year period, from 1990 to 2014, this is
supported by hundreds of observations across much of the planet. A 1.2 percent increase may
sound small but is enormous as carbon dioxide emissions from the earth's surface are 6 times
greater than human emissions (Bond-Lamberty et al., 2018).
Without new technology investments, a warming more than 2 ° C is likely. In models where
temperature increases are successfully kept below 2 ° C, CO2-equivalent emissions are
estimated to have to fall sharply as early as 2030 (Millar et al., 2017). In most scenarios where
heating is successfully limited, emissions are not only assumed to decrease sharply but also to
become negative over a longer period with the help of carbon capture (IPCC, 2014b).
However, the modeled dependence on negative emissions has been criticized. The technology
has not yet been proven on a larger scale, and faces several challenges (Fuss et al., 2014).
Nevertheless, almost all outcomes below 2 ° C temperature increase presuppose strong negative
emissions over a long period of time (Clarke et al., 2014). As mentioned, the IPCC's median
scenario assumes that approximately 810 billion tons of CO2 must be captured by the end of
the century, corresponding to approximately 20 years of global emissions at the current level
(IPCC, 2014a)
Moral Hazard is an expression in economic theory. The expression can be used for situations
where either party to an agreement changes their behavior after the contract has been signed,
so that the probabilities attributed to one party's way of acting no longer apply. In an
environmental case postponed actions can occur if it is believed that a technology such as CCS
will solve environmental problems in the future. Thus, today’s decision-makers can be excused
from avoiding costly emission reduction measures as future negative emissions are expected to
be cheaper, thus postponing important decisions or reducing the rate of reduction of our own
carbon dioxide emissions, which according to the IPCC is also necessary (Fuss et al., 2014).
If negative emissions prove not to be feasible to a sufficient extent, the costs of managing
heating can be high: Calculations find that early implementation of traditional emission
reduction measures has a decisive impact on the final price tag (Rogelj et al., 2013; IPCC, 14a,
b). Sharp emission reductions are otherwise likely to be necessary in a short time to avoid
serious and unpredictable consequences of climate change (Rothman, 2017).
3.1 GDP and carbon dioxide
Between 1990 and 2018, total carbon dioxide emissions (excluding land usage, forestry, and
foreign transport) in Sweden decreased by 27 percent, from 71 million tons to 51 million tons
(Swedish Environmental Protection Agency, 2019a). The reduction in emissions mostly took
place between 2003 and 2014. The reduction is partly explained by technological change, the
transition to renewable energy, energy efficiency and a change in industrial structure. During
the same period, GDP increased approximately 85 percent. There is a literature that discusses
whether similar results as Sweden have may hold in the rest of the world, or apply to parts of
the world, opinions are not unanimous (Dasgupta et al., 2002; Hickel and Kallis, 2019).
Sweden's goal is for greenhouse gas emissions to reach net zero by 2045. In order for net zero
to be calculated, the rate of reduction between 2015 and 2045 needs to be 5–8 percent per year.
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Figure 2 Total GDP in billions on the left axis, carbon dioxide emissions in thousand tonnes on the right axis. Source:
Swedish Environmental Protection Agency and Statistics Sweden

The index in Figure 2 starting in 1990 shows that the amount of carbon dioxide used per unit
of GDP has decreased by almost 60 percent. Data from the World Bank show a similar
development globally where the reduction is significant. The intensity in the world has more
than halved and gone from 0.73 kilos of carbon dioxide emissions per PPP $ of GDP in 1990
to 0.332 in 2014 (which is the last year that the authors have data on) (World Bank, 2019a).
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Figure 3 Index of carbon dioxide usage per GDP unit in Sweden. Source: Swedish Environmental Protection Agency
and Statistics Sweden, own calculations.

Although significant improvements have been made since 1990, it is not certain that an equally
large reduction can be made in the coming years. The low hanging fruits may have been grabbed
already. On the other hand, more money is being spent than ever on research that will make the
economy climate neutral.
3.2 Consumption-based greenhouse gas emissions
The emissions affecting the climate from Swedish imports make up a large proportion of the
country's total consumption-based emissions. When the consumption-based emissions
complement the territorial emissions, a more accurate picture is given of the Swedish
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population's total impact on climate. The size of the emissions caused by imports depends, in
addition to the quantity of goods, on how emission-intensive the goods or services are and on
how large the emission intensity in the country of production is.
Why is the data for consumption-based emissions insufficient? The insufficiency depends on
the difficulty of estimating its extent with certainty. Estimating foreign-based emissions
requires assumptions, which affect the results. A common method for estimating consumptionbased emissions is multiregional input-output Analysis, or MRIOA. The method links
emissions from products by studying the flow of money between countries and sectors. The
money is then linked to certain products and the amount of them and based on that, estimates
of emissions can be made.
The best available data for Swedish consumption-based emissions was produced in 2019 by the
Swedish Environmental Protection Agency and the period was 2008–2017. Counting further
back than that, today, would be difficult as data for the purpose may not have been collected.
Imports consist of output goods (for example clothing and electronics), but also input goods
(for example raw materials and energy) and services (for example transport and banking
services) that are used to produce goods in Sweden (Swedish Environmental Protection
Agency, 2019a). 83.8 percent of imports (in Swedish krona SEK) to Sweden are from European
countries and 5.4 percent of imports came from China, which is 40 percent less than from
Denmark (Statistics Sweden, 2020b). However, it is likely that the period 1990 to 2008
contained increased consumption-based emissions abroad. EU accession and free trade
agreements opened Sweden to the world, and since 1990 the value of our imports has increased
by more than 400 percent. At the same time, exports have also increased significantly.
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Figure 4 Consumption-based emissions of greenhouse gases (millions of tons) in Sweden and other countries. Source:
Swedish Environmental Protection Agency.

Unfortunately, the time series is relatively short, it can be assumed that the decline from 2008
is affected by the financial crisis, but that the permanent decline compared with the beginning
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of the time series is interesting. It is not unreasonable to assume a certain increase during the
high growth years 2018–2019.
Presented below is data for consumption-based imported emissions that have been converted
into an index to show a percentage change. Evidently, emissions have fallen in absolute terms
and even more per capita.
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Figure 5 Index of imported CO2 emissions. Source: Swedish Environmental Protection Agency.

The reduction in emissions from abroad may be due to factors such as changes in the import
mix For example, imports from Russia have a high carbon intensity due to their industrial
structure and energy composition. It may also depend on changes in the countries where the
import comes from. Overall, over time an improvement in most EU countries can be observed.
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Figure 6 Households' consumption-based emissions. Source: Statistics Sweden.

The total carbon dioxide emissions from household consumption fell between 2008 and 2017
in the areas of transport, housing, textiles, and shoes and in “other products”. Absolute
emissions from food increased. Since 2008, emissions from “other products” and housing have
decreased by 22 and 16 percent. The largest reduction in emissions has been from transports
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with 3.4 million tons of greenhouse gases, which corresponds to a reduction of almost 15
percent.
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Figure 7 Households' total consumption-based emissions. Source: Statistics Sweden.

Material consumption in Sweden in 2015 was 22.5 tons per person (Statistics Sweden, 2016).
This was just over 9 tons more than the EU average the same year and a domestic increase of
about 3 tons from 2000. One of the reasons why Sweden has a relatively high material
consumption is stated to be Sweden's mining industry which leads to a high level of metal
consumption compared to other EU countries.
For consumption-based emissions the Swedish Environmental Protection Agency (in
collaboration with Statistics Sweden) only has data for the period 2008–2017 (Swedish
Environmental Protection Agency, 2020d). Graphs published by the Swedish Society for
Nature Conservation show data dating back to 1993. However, we have not been able to find
original data. Starting visually from 1993, the import-based emissions have increased.
However, 1993 should be a bad base year as imports should have fallen in connection with the
crisis of the 1990s, EU accession on 1 January 1995 also changed Sweden's import patterns.
Regarding imports at Sweden's value, we see an increase of 500 percent since 1990 (Statistics
Sweden, 2020b). It should therefore not be surprising if total foreign-based consumption
emissions rose, but where data exist the emissions and import value have diverged.
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Figure 8 Sweden's imports (billions kr). Source: Statistics Sweden.

3.3 Carbon dioxide emissions from vehicles and transport
Emissions from domestic transport (include railways, mopeds and motorcycles, military
transport, buses, aircraft, shipping, light trucks and heavy trucks and cars) account for a
significant proportion, about 32 percent, of Sweden's emissions. Emissions in the transportation
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sector decreased by 19 percent from 1990 to 2018. Emissions in 2018 amounted to just under
17 million tons of carbon dioxide equivalents.
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Figure 9 Carbon dioxide emissions (1,000 tons) from transport. Source: Swedish Environmental Protection Agency.
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Sources of emissions from traffic shown in the figure below are from the total traffic used, the
types of fuel used and the energy efficiency of the vehicles. Increases in biofuels and more
energy-efficient vehicles has led to a reduction. However, travel has increased, meaning lower
emission reduction than would have been possible.
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Heavy trucks

Figure 10 Carbon dioxide emissions (1,000 tons) of domestic transport. Source: Swedish Environmental Protection
Agency.

Most of the emissions in the transport sector comes from road traffic. Emissions from cars and
heavy vehicles dominates. Between 1990 and 2018, emissions from passenger cars decreased
by 21 percent. In 2018, passenger car emissions amounted to 10 million tons, a decrease of 2
percent from 2017 (Swedish Environmental Protection Agency, 2019a).
The increase in passenger traffic in absolute numbers is natural consequence of the large
increase in population. Passenger traffic increased from 1990 to 2007, but then remained at a
relatively even level until 2013, before increasing again. However, traffic emissions have been
relatively constant as more biofuels are blended into the fuel that is used.
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During the 2010s, passenger car traffic followed population development. Per capita, traffic is
about the same as in 2010 when the population increased by 9 percent. Since 2010, total
passenger car traffic has increased by 9 percent and heavy truck traffic by 7 percent. Energy
efficiency (through a renewal of the vehicle fleet) helps to reduce fuel consumption and carbon
dioxide emissions.
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Figure 11 Carbon dioxide emissions (1,000 tons) domestic transport: Cars and total. Source: Swedish Environmental
Protection Agency (2018).

The energy efficiency boost of the vehicle fleet has been rapid as older vehicles have been
replaced with new, more fuel-efficient cars (Swedish Energy Agency, 2016a). Vehicles leaving
the fleet (scrapped) also contribute to a reduction in emissions. Carbon dioxide emissions from
the passenger car fleet (old and new) fell from 149 g / km (6.0 l / 100km) in 2018 to 146 g / km
(5.9 l / 100km) in 2019. During the 2000s, emissions declined, but it is in the 2010s that most
emission declines occurred. Emissions from new cars added to the vehicle fleet have continued
to decline. New passenger cars emitted 120 g / km in 2019, compared with 123 g / km in 2018
(Swedish Transport Administration, 2020).
The average value of all new cars' fuel consumption has generally decreased over time, but
between 2016 and 2017, the average value increased for the first time since the 1990s. The
increase was 2 percent (Swedish Environmental Protection Agency, 2018). 2018 also saw an
increase in fuel consumption compared with the previous year. Fuel efficiency seems to have
been offset to some extent by larger cars becoming increasingly popular.
If additional data is taken into consideration, in 2019, emissions decreased by 2 percent because
of increased blending of biofuels and energy efficiency. Emissions from road traffic decreased
by 260,000 tons, of which two thirds are explained by an increased share of biofuels and one
third by more efficient vehicles. Biofuel blending reduced greenhouse gas emissions by about
190,000 tons. Compared with 2018, traffic was largely unchanged. The total volume of oil
products has decreased since the 1970s. One factor is that the use of heating oil (E2–6 and EO1)
has been phased out.
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Figure 12 Delivered volume of oil products and renewable fuels. Source: Swedish Petroleum Institute.

The total volume of fuel for vehicles has increased since the 1940s. The increase is intuitive
because there were significantly fewer vehicles and people in the country. In 1946 there were
138,489 registered passenger cars in Sweden, in 2019 there were 4,887,904 (Statistics Sweden
- Transport and communication). Note that in the figure below, the last two years include
various forms of heating oil in the graph, which means a certain increase.
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Figure 13 Delivered volume of oil products and renewable fuels for transport. Source: Swedish Petroleum Institute.

28

If the years in which fuel oil and diesel (2018-) cannot be separated, and subsequently is
excluded and only the development of the 1990s is studied, an increase of 18 percent can be
seen. The number of cars increased by 34 percent since 1990.
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Figure 14 Delivered volume of oil products and renewable fuels for transport 1990–2017. Source: Swedish Petroleum
Institute.

Indexed against population development, fuel consumption has remained unchanged over the
period, although it has been above the 1990 index value a few times. It is therefore not possible
to say here that fuel usage has decreased in total or per capita. On the other hand, you get more
kilometers per liter of fuel.
Emissions from the transport sector decreased by a total of 22 percent for the years 2010–2019.
Average emissions from new cars went from 153 g / km to 120 g / km. Passenger car emissions
have decreased by 16 percent since 2010 when traffic increased by 9 percent. Emissions from
heavy trucks decreased by 31 percent while traffic increased by 7 percent (Swedish Transport
Administration, 2020).
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Figure 15 Fuel consumption (kilometers per liter) for petrol and diesel cars. Source: Swedish Environmental
Protection Agency (2018).
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Emissions of greenhouse gases from domestic transport decreased by 15 percent from 19.3
million tons in 1990 to 16.5 million in 2018. This decrease is mainly from passenger cars, where
there was a 21 percent decrease during the period, despite the number of cars that increased by
36 percent. The reason is that more biofuel is mixed into the fuel and energy efficiency through
renewal of the vehicle fleet is also taking place (Swedish Environmental Protection Agency,
2019g). Fuel consumption measured in liters per kilometer has decreased by 43 percent for both
petrol and diesel since 1978 (Swedish Environmental Protection Agency, 2020f).
The average lifespan of passenger cars in Sweden is about 17 years. This means that a car of
the 2003 model is still out on the streets today. Cars of the 2003 model emit an average of 198
g / km. Today's new cars emit 39 percent less per kilometer (Swedish Transport Administration,
2020). Many of today's cars use under half a liter per 10 kilometers. If, for example, 10 percent
of the oldest and worst cars were replaced with a new car, the replacement would mean
significant emission reductions from the transport sector.
The share of green cars in traffic increased from 5 to almost 17 percent between 2005 and 2017
(Stockholm Environmental Barometer, 2019). The increase of green cars has contributed to the
average carbon dioxide emissions per kilometer falling for newly registered passenger cars
(Swedish Transport Agency, 2020).
In recent decades, Sweden had several instruments to increase incentives to purchase and own
green cars, including vehicle tax exemption and super green car premiums, which in 2019 were
replaced by the new Bonus-Malus system. According to the National Audit Office's
calculations, green car - related instruments led to a reduction of 1.25 million tons of carbon
dioxide during the period 2012-2018. On the other hand, the instruments are assessed in
retrospect to have been ineffective as the socio-economic costs were greater than the gains
linked to the reduction in emissions (Swedish NAO, 2011; 2020).
Biofuels have been tax-exempt in various forms since the 1990s. The instrument aims to even
out differences in production costs between biofuels and fossil fuels. The National Audit
Office's evaluation of the tax exemption between 1995 and 2009 states that it, in combination
with other measures, was important for the increased use of biofuels. The tax exemption is
estimated to have led to annual emission reductions corresponding to about 5 percent of
emissions in the transport sector during the period 2007 to 2009. It is further stated that it has
been more effective to raise the carbon dioxide tax to reach the same level of emission
reductions.
The Swedish carbon dioxide tax mainly affects the transport sector, partly because other sectors
such as industry have had lower tax rates. The tax revenue came to 90 percent from the
consumption of petrol and diesel in 2017. The tax was introduced in 1991 and was then 0.25
Swedish krona per kilo of carbon dioxide. Since then, the tax has since been gradually raised
and in 2017 was 1.15 Swedish krona per kilo.
Andersson (2019) analyzed the effects of the Swedish carbon dioxide tax on emissions from
domestic transport between 1990 and 2005. The study shows that domestic transport emits on
average 6 percent less carbon dioxide per year after the tax was introduced. The mechanisms
behind the gap in emissions are not specified, but descriptive statistics indicate that substitution
from petrol to diesel plays a major role. The study also shows that consumers' demand elasticity
is three times higher regarding the carbon dioxide tax than with other price changes.
Several other sectors have also reduced car emissions. The figure below shows the total
emissions for waste, work machines and agriculture. A decline can be seen in all categories.
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Figure 16 Carbon dioxide (1,000 tons) other sectors. Source: Swedish Environmental Protection Agency (2019a).

3.4 Carbon dioxide emissions from aviation
Kamb and Larsson (2018) evaluated the emissions from aviation in Sweden and found that the
total number of flights in or from Sweden since 1990 has increased from 0.47 trips per person
to 1.1 in 2017. The total aviation-related emissions increased during the same period by 47
percent.
The number of domestic flights per person decreased between 1990-2017 from 0.47 to about
0.37 in 2017. The climate impact from these flights has decreased and now accounts for 7
percent of emissions. Emissions per passenger kilometer have decreased by an average of 1.9
percent per year but are still high compared with cars or trains.
In 2017, emissions, excluding high-altitude effects, were 90 grams of carbon dioxide per
passenger kilometer, and 170 grams of CO2 equivalents per passenger kilometer, including the
high-altitude effect. High altitude effects are the increased climate effect that occurs during
combustion at high altitudes (around 8,000 meters). Incineration at high altitudes is estimated
in round figures to double the climate effect compared with if the incineration took place at
ground level.
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Figure 17 Aviation - number (millions) of travels, based on the average number of journeys per person multiplied by
the population that year. Source: Swedish Environmental Protection Agency and SverigesMiljömål.se (data provider:
Swedish Environmental Protection Agency).

The Swedish Environmental Protection Agency estimates the total climate impact from the
Swedish population's air travel in 2017 at approximately 10 million tons of carbon dioxide
equivalents (including the high-altitude effect). The increase in the number of international
flights since 1990 means that the climate impact has increased from 7 million tons to 10 million
tons over the same period.
Emissions from domestic aviation have gone from 687,000 tons of carbon dioxide equivalents
in 1990 to 531,000 in 2018, a decrease of approximately 13 percent. The declines have been
greatest in connection with economic crises. As the number of domestic flights per person
within Sweden has only decreased marginally since 1990, the reduction in emissions per
passenger kilometer has led to a reduction in the total greenhouse gas emissions generated by
domestic flights.
The fact that total greenhouse gas emissions from the Swedish population's air travel have
increased since 1990 is due to a sharp increase in the number of international air travel during
the 1990s. The increase is probably explained by the deregulation of the aviation market and
the creation of a common European aviation market, which has led to reduced prices (Kamb
and Larsson, 2018). Similarly, Swedish aviation exemptions from carbon dioxide and energy
taxes and the reduced VAT on international air travel (i.e., non-internalized marginal costs of
aviation) are believed to have contributed to low prices and, in the long run, increased
international air travel (Åkerman et al., 2016).
The number of international flights continued to increase since the turn of the century, but
emissions per passenger kilometer have decreased. The increase in efficiency is half explained
by an increased cabin factor. The load factor increased from 61 percent in 1991 to 80 percent
in 2014. The other half is explained by developments in, e.g., technology and air traffic control
(Kamb and Larsson, 2016).
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Figure 18 Emissions of domestic flights, thousand tons of carbon dioxide equivalents. Source: Swedish Environmental
Protection Agency.

The average fuel efficiency of aircrafts in the EU increased, measured as fuel consumption per
passenger kilometer, between 24 and 2017 by 24 percent (Kozuba and Ojciec, 2019). Fuel
efficiency has been a high priority for a long time in the development of new aircraft and this
can be explained by the fact that fuel constitutes a significant proportion of an airline's costs,
which varies with the oil price (Åkerman et al., 2016).
32

3.5 Carbon dioxide emissions from industry
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Figure 19 dioxide emissions (1000 tons) from industry. Source: Swedish Environmental Protection Agency

The industry accounts for 32 percent of total annual emissions in Sweden. Industry emissions
have fallen with 19 percent from 1990 to 2018. In 2018, the largest emissions sector was the
iron and steel industry, which accounted for 34 percent. The large emission fluctuations are
cyclical, especially the crisis of the 1990s and the financial crisis of 2008. Technical
development and changes in fuels are likely explanations for the downward emission trend.

33

4. Energy and electricity usage
In this chapter, we review changes in energy and electricity consumption.
4.1 The energy mix
Figure 20 illustrates Sweden's total energy usage from 1970 and onwards. The statistics include
both utilized energy and transmission and conversion losses. Sweden's total energy usage has
increased by just over 25 percent during the reported period. During the same period, Sweden's
population has grown by about 2 million and the real economy has increased by 176 percent.
Energy efficiency has thus increased, but more energy is used - provided that the conversion
losses from nuclear power are considered. However, per capita energy usage has declined.
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Figure 20 Energy usage per sector. Source: Swedish Energy Agency.

The increase in total energy usage is in principle entirely explained by the extensive conversion
losses that nuclear power has brought since the mid-1970s. In nuclear power plants, heat is
generated when an atomic nucleus is split. Water begins to boil in the reactor tank and the water
vapor that is formed drives turbines which in turn drive generators producing electricity. The
boiling water is then cooled using seawater and pumped back to the reactor again.
The fact that the heat itself is not used means that around 67 percent of the energy in the fuel is
lost (Swedish Energy Agency, 2015). The minor reduction in nuclear power conversion losses
from 2005 coincides with the shutdown of the second reactor at Barsebäck's nuclear power
plant. In 2018, energy losses from nuclear power were 125 TWh. On the other hand, other
conversion and transmission losses that occur in heating and cogeneration plants and in
deliveries of electricity and district heating have decreased since 1970 from 49 to just over 19
TWh per year.
Sweden's energy mix has changed over time. The share of crude oil and petroleum products in
the energy supply has decreased from 76 to 19 percent, while the share of nuclear power has
increased from 0 to 35 percent. Biofuels' share of total energy supply also increased from 10 to
26 percent. Biofuels and peat have increased by more than 200 percent since 1970.
It should be emphasized thatchanges in the Swedish energy mix over time differs depending on
whether one looks at production or consumption. For Swedish production, the share of fossil
fuels in favor of renewables decreased during the period 1995 to 2008. For Sweden's
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consumption, on the other hand, the share of nuclear power decreased in favor of both fossil
fuels and renewables during the same period (Swedish Energy Agency, 2016b).
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Figure 21 Energy supply per type. Source: Swedish Energy Agency.

Since 1983, household energy usage per capita has decreased by about 23 percent from 11 to
8.5 megawatts per year. A variety of technical components and solutions have improved energy
efficiency in homes. New light bulbs use a fifth as much energy as in the 90s, and modern white
goods have halved their energy use during the same period. Replacing your 20-year-old
refrigerator means that energy consumption goes down from 1700 kWh to 450 kWh.
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Figure 22 Household energy usage per capita. Source: Swedish Energy Agency and own calculation.

Furthermore, the usage of heat has been made more efficient. Heat pumps have higher
efficiency and insulation has been improved, modern windows emit less heat and hot air is
recovered to a greater extent (IVA, 2012). These advances are reflected in the figure below,
which illustrates how energy usage for heating and hot water per heated square meter in
detached houses, apartment buildings and premises has decreased by about 25 percent since
2002.
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Figure 23 Energy usage for heating and hot water. Source: Swedish Energy Agency.

Sweden has become more energy efficient, in terms of GDP per energy unit. There are several
reasons why energy usage excluding losses has been relatively constant since 1970. During the
1970s, the OPEC crisis led to a change in energy demand at the same time as the expansion of
the mainly municipally owned district heating system contributed to a general energy efficiency
improvement.
Energy-intensive basic industry complimented knowledge-based industry at the same time as
both housing construction and infrastructure development slowed down (Swedish Climate Policy
Council, 2019). As an example of the structural change in the Swedish economy, the share of
service producers in real GDP has increased from around 35 to almost 50 per cent since 1980.
The GDP contribution from the service sector was SEK 2,157 billion in 2018.
To get a comprehensive picture of Sweden's energy footprint, it is necessary to distinguish
between Sweden's production-based and consumption-based energy usage. Production here
refers to goods and services used by actors who are economically active in Sweden and
contribute to Sweden's GDP, including international transport and households' direct energy
usage.
Consumption is the final domestic usage/demand and includes all production needed to
maintain Sweden's consumption. Between 1995 and 2008, Sweden's production-based energy
usage decreased by six percent. During the same period, consumption-based energy usage
increased by the same percentage. This means that energy usage is increasingly embedded in
imported goods and services (Swedish Energy Agency, 2016b). During the same period,
households' real consumption expenditure increased by around 42 per cent, which means that
consumption also became more energy efficient.
4.2 Electricity usage
In the last 30 years, Sweden's economy has grown by 85 percent and electricity usage has risen
by 2.8 percent, but just 0.07 percent according to the International Energy Association (2020b).
The use has thus increased in absolute terms, but per unit of GDP it has fallen by 45 percent in
30 years.
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Figure 24 Sectors' electricity usage in TWh. Source: Swedish Energy Agency.

The total electricity consumption in 2019 was 138 TWh. The total electricity production
amounted to 164.4 terawatt hours (TWh); production increased by 6 TWh compared to 2018.
Sweden exported 35.2 TWh and imported about 9 TWh, mostly from Norway. The total net
exported amount was 26.2 TWh of electricity in 2019. Wind power accounted for 19.9 TWh,
which is an increase of about 20 percent compared to 2018. Wind power's contribution to
electricity production was about 12 percent while hydropower and nuclear power contributed
78 percent of the total electricity production, 39 percent each (The Swedish Energy Agency,
2020b).
In terms of electricity consumption, housing, and the service sector together account for more
than half of Sweden's electricity usage, 52 percent or 72 TWh. The industrial sector accounts
for 49 TWh. Together, these three sectors account for close to 85 percent of total electricity
usage. Transport accounts for 2.9 TWh, district heating and refineries use 3.7 TWh. The
distribution losses correspond to 10.7 TWh (Holmström, 2020).
Losses in the transmission of electricity as a share of total electricity used have decreased from
just over 9 to about 7.5 percent since 1970.
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Figure 25 Transmission losses. Source: Swedish Energy Agency.

Sweden has a relatively high electricity consumption per person since homes need a lot of
heating for a large part of the year (winter) and there is also a large electricity-intensive industry
in the country. Both industry and housing had a rapidly increasing usage of electricity from the
1970s until the beginning of 1990, which was due to a phasing out of oil products as heat and
energy source.
Fossil fuels constitute a declining part of the Swedish energy mix which may explain why
greenhouse gas emissions from electricity and district heating production have decreased by
almost 25 per cent since 1990, despite that production increased by 13 and 48 percent
respectively.
The sharp emission increase in 1996 was due to low rainfall, which reduced hydropower
production. As compensation, coal and oil was burned to produce electricity in condensing
power plants. The increase in emissions in 2010 was due to the cold temperature that drove up
fuel usage (Swedish Environmental Protection Agency, 2019n).
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Figure 26 Electricity and district heating production. Source: Swedish Environmental Protection Agency and the
Swedish Energy Agency.

Emissions of greenhouse gases from Sweden's electricity and district heating production have
decreased by about 25 percent since 1990. At the same time, electricity and district heating
production have increased by 13 and 48 percent, respectively. The reason for the development
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is that the fuel mix has gone from being relatively fossil-intensive to largely consisting of
biofuel.
The development follows Sweden's energy mix transformation in the last 50 years, where the
share of fossil fuels has decreased from 76 to 19 percent, while the share of nuclear power has
increased from 0 to 35 percent. The reason for this shift is mainly the energy policy that was
pursued in the 70s and 80s in the light of the 1973 oil price shock. To reduce Sweden's oil
dependence and become more self-sufficient, control taxes on energy and oil were introduced
in parallel with large investments in nuclear power reactors.
Biofuels' share of total energy supply increased from 10 to 26 percent in the last 50 years. The
explanation for this increase lies mainly in the 1990s' focus on the energy sector's environmental
impact with increased investment support for, among other things, biofuel-fired CHP plants
(Swedish Energy Agency, 2000). Biofuels have been exempted from energy and carbon dioxide
tax since the 1990s, and in 2003 the electricity certificate system was introduced, which has
contributed to increased production of renewable electricity and biofuels. Producers of
renewable electricity are awarded an electricity certificate per megawatt hour produced. The
certificates are then sold on an open market where supply and demand determine the price. The
buyers are electricity suppliers and other electricity users who, according to the Electricity
Certificates Act, are subject to quotas and must buy a certain proportion of electricity
certificates in relation to their electricity sales or electricity usage.
An evaluation of the electricity certificate system during the years 2002 to 2008 noted an
increase in annually produced renewable electricity from 6.5 to 15 terawatt hours. The increase
mainly concerned cogeneration based on biomass. The system, on the other hand, must have
entailed sharply increased costs for consumers, interest rates for already profitable production.
Furthermore, the electricity certificates are not considered to have led to any significant
technological development (Bergek and Jacobsson, 2010).

5. Pollution
Air in Sweden has generally become cleaner since 1990. Of the 26 air pollutants that the
Swedish Environmental Protection Agency has mapped, 24 decreased in absolute numbers.
However, selenium and PCBs increased.
The change in air pollution (index) is shown below. The comparison year is 1990 and a value
lower than 100 means that Sweden emits less than in 1990. Emissions of sulfur dioxide,
nitrogen oxides, volatile organic compounds, particles, and heavy metals have fallen sharply.
The rate of decline has slowed in recent years, which can possibly be explained by falls from
high levels are relatively faster than a large fall from something that has already declined a lot.
For some of the pollutants (see three graphs), emissions have decreased by up to 80 percent
between 1990 and 2018.
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Figure 27 Air pollution, index. Source: Swedish Environmental Protection Agency (Retrieved from Statistics
Sweden's database).

Ammonia (NH3) is mainly emitted from agricultural manure management. A source of the
reduction in ammonia is that animal husbandry has decreased since 1990. In 2018, the total
emissions of ammonia are estimated at about 53,000 tons, which corresponds to a reduction of
12 percent since 1990. Increased imports of milk and meat also account for part of the reduction.
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Figure 28 Air pollution, index. Source: Swedish Environmental Protection Agency (Retrieved from Statistics
Sweden's database).

The pollution that decreased the most in percentage terms is lead, over 95 percent. The decline
can probably be explained by in the ban on lead usage in petrol that was imposed in 1995.
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Figure 29 Air pollution, index. Source: Swedish Environmental Protection Agency (Retrieved from Statistics
Sweden's database).

Emissions of metals, particles, long-lived organic compounds (e.g., dioxins) and polycyclic
aromatic hydrocarbons (PAHs) have been reduced since 1990, mainly in the industrial sector
through efficiency and better purification equipment such as electric filters and scrubbers. The
development is often attributed to stricter limit values for emission standards and the application
of best available technology. The IPPC (Integrated Pollution Prevention and Control) Directive,
adopted by the EU in 1996, meant that emission limit values would be based on Best Available
Techniques (BAT). The principle means that the most effective established technology for
protecting the environment, and which is at the same time technically and economically
applicable must be used. The EU produces so-called BAT conclusions that specifically reflect
which is the prevailing best available technology (Swedish Environmental Protection Agency,
2016a).
Table 4 Emissions of air pollutants 1990-2018. Emissions are stated as a percentage of 1990 levels. In the column on
the far right, emissions have been set in relation to the increase in GDP of 85 per cent that has taken place during this
period. Source: Own calculation based on figure 1-50.

Air pollutants 1990–2018

Change in
emissions (+/- %)

Change in Emissions per
GDP-unit (+/- %)

Nitrogin oxides (NOx) (t)

-54

-75

Volatile organic compounds (t)

-63

-80

Sulfur dioxide (SO2) (t)

-83

-91

Ammoniak (NH3) (t)

-12

-52

PM2.5 (t)

-59

-78

PM10 (t)

-43

-69

TSP (t)

-32

-63
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Carbon monoxide (CO) (t)

-69

-83

Lead (Pb) (kg)

-97

-98

Cadmium (Cd) (kg)

-79

-89

Mercury (Hg) (kg)

-74

-86

Arsenic (As) (kg)

-86

-92

Chromium (Cr) (kg)

-74

-86

Cupper (Cu) (kg)

-37

-66

Nickel (Ni) (kg)

-75

-86

Selenium (Se) (kg)

+10

-41

Zinc (Zn) (kg)

-57

-77

Dioxin (g I-Teq)

-65

-81

benzo(a)pyrene (kg)

-64

-81

benzo(b)fluorants (kg)

-61

-79

benzo(k)fluorants (kg)

-71

-84

Indeno(1,2,3-cd)pyrene (kg)

-59

-78

PAH 1–4 (kg)

-60

-78

HCB (kg)

-83

-91

PCB (kg)
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5.2 Lead (Pb)
Between 1990 and 2018, the annual emissions of lead into the air decreased from 354 to under
10 tons. Most of the reduction (approx. 270 tons) comes from domestic transport, which is
explained by the phasing out of lead in petrol completed in the mid-1990s (Swedish
Environmental Protection Agency, 2019s).
Between 1926 and 1965, the prevailing consensus was that lead poisoning was only a possibility
when exposed to high levels of lead, and that low levels of lead in the air were harmless.
Geochemist Clair Petterson in 1959 questioned the belief that lead was harmless and warned
that even exposure to lower doses could have negative health effects. Discussionstook place
during the 1960s at the same time as research increased (Needleman, 1999). During the 1970s,
the US phasing out of lead began, which probably also contributed to Sweden's phasing out
(Farrauto et al., 2019). A contributing factor to the phasing out was also the introduction of
catalysts.
In Sweden, catalytic exhaust gas cleaning became mandatory on all new cars in 1989. However,
the first cars with a catalytic converter came on the Swedish market a couple of years earlier
and cars of the 1987–1988 models were sold at a tax rebate. That catalysts were already used
in the USA probably facilitated their introduction on the Swedish market. As the Swedish car
fleet has been sold and rejuvenated, the proportion of cars with catalytic converters has
increased to 46 percent in 1996 and 85 percent in 2006 (SVT, 2006). To accelerate this
rejuvenation, among other things, a scrapping premium has been paid to old cars (Swedish
Environmental Protection Agency, 2019e).
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The Swedish out of leaded petrol took place in several stages. First, the lead content per liter
was gradually reduced during the 70s. In the second stage, a differentiated tax on leaded and
unleaded petrol was introduced in 1986. Initially, the tax on unleaded petrol was reduced by 10
Swedish öre per liter. The tax differential was then gradually increased to compensate for the
additional costs of producing unleaded petrol. These costs consisted partly of investment costs
in more complex refineries so that the octane number of petrol would not decrease without lead
additives, and partly of increased production costs of using new additives to compensate for the
lubricating effect of lead on the engine (World Bank, 1998).
New cars were required to be equipped with catalysts to clean exhaust gases, which increased
the market share for unleaded petrol as lead can destroy catalysts. In the last stage of the phaseout a completely unleaded petrol was introduced in 1992 which was preceded by extensive
research. The new gasoline contained a sodium additive to replace the lubricating effect lead
has on the engine, which enabled older cars to use unleaded gasoline. The tax differential
between leaded and unleaded petrol was 51 Swedish öre per liter in 1993, which meant a
difference in price of 16 percent. All petrol sold in Sweden in 1994 was lead-free, and in 1995
a lead ban was introduced that applied to all motor petrol (World Bank, 1998).
The technological development that initially enabled lower levels of lead in petrol and
subsequently unleaded petrol was probably driven by the regulations and economic instruments
established during the 1970s and onwards. The technological advances, in turn, finally made it
possible to ban lead in petrol, as the costs of a total phasing out do not seem to have been very
great.
5.3 Nitrogen oxide
After the 1964 “natural resource investigation” in Sweden, several different government
environmental research initiatives were initiated, including on air pollutants such as nitrogen
oxides. At the same time, the issue of emissions had become increasingly important in the
United States and the United Kingdom, which contributed to a growing international research
literature on emissions. The international debate affected the Swedish debate. Nitrogen oxides'
long-term health risks and proposals for measures became a recurring theme in motions and
bills during the 1960s and 1970s (see, for example, Motion 1969: 382 First Chamber and Bill
1968: 37).
Since the 1960s, emissions of nitrogen compounds from Swedish industrial plants fell sharply,
despite increased production. From the 1960s, the emerging environmental protection
legislation meant that the incentives for environmental work increased in the manufacturing
industry. The energy transition that began after the oil price shock in 1973 and increased prices
for raw materials and energy are also considered to have contributed to the industry's sharp
decline in emissions of nitrogen oxides (Swedish Environmental Protection Agency, 2015).
Between 1990 and 2018, emissions of nitrogen oxides decreased by 54 percent in Sweden. The
largest reduction since 1990 in nitrogen oxide emissions has taken place in the transport sector,
which is a result of catalytic exhaust gas purification. Nitrogen oxide emissions from
combustion in industry have also decreased by around 50 percent during the same period.
Simultaneously, emissions per unit of energy produced was halved. Furthermore, nitrogen
oxide emissions from electricity and district heating production also decreased somewhat, even
though fuel supply more than doubled during the period when district heating was expanded
(Swedish Environmental Protection Agency, 2019d).
An important explanation for these reductions is the nitrogen oxide tax introduced in 1992. In
Sweden, a strategy was adopted in 1985 to reduce domestic emissions of nitrogen oxides by 30
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percent by 1995 from 1980 levels. Legislation on emission limits for incineration plants was
put in place from 1988. The measure was not considered strong enough, therefore a nitrogen
oxide fee was imposed where incineration plants that produced at least 50 megawatts of utilized
energy per year would pay SEK 40 per kilo of nitrogen oxide emitted. The fee (excluding
administration costs) would then be reimbursed to the plant in proportion to the amount of
utilized energy produced. the beneficiaries of the NOx levy system were therefore low-intensity
plants in nitrogen oxide emissions (OECD, 2013).
The fee was effective in reducing emissions per unit of energy produced and the system was
expanded to include more plants that accounted for a lower amount of energy. By 2001, all
facilities had reduced their emissions to the set limits, and several had further reduced their
emissions. By 2007, the emission intensity had decreased from 550 kilos per gigawatt hour in
1992 to 181 kg, a decrease of 67 percent. The emission reductions were largely driven by the
charging system and the requirement to install equipment for continuous monitoring of
emissions, which stimulated demand for new technology. Considering patents in the field of
combustion technology, Sweden has been active since 1988, especially between 1988 and 1993
(OECD, 2013). For example, SNCR systems, which reduce the amount of nitrogen oxides
emitted during combustion, are judged to have been developed in Sweden directly due to the
nitrogen oxide fee (Swedish Environmental Protection Agency, 2003a).
The nitrogen oxide fee is also considered to have driven investment in flue gas condensation,
which is a way of improving the energy exchange from the production units. Even if the
nitrogen oxide emissions are not affected by the technology, production units with flue gas
condensation improve their situation within the NOx system due to the amount of utilized
energy increasing. Between 1997 and 2001, the proportion of production units with flue gas
condensation increased from 19 to 28 percent. There, economic factors are judged to have been
a decisive reason for this more efficient energy utilization, including the nitrogen oxide fee
(Swedish Environmental Protection Agency, 2003a).
Much of the emissions could be reduced to non-existent or very low levels. For example,
analysis of 114 plants covered by the charging system between 1992 and 1996 showed that
reducing the emission intensity from 557 kilos to 300 kilos per GWh could be done at no extra
cost. The shift probably came from new technological innovations at the same time as some
opportunities to trim production already existed before the fee was introduced (OECD, 2013).
An earlier report by the Swedish Environmental Protection Agency (1997) also considers
factors such as the carbon dioxide and energy taxes, the introduction of natural gas in southern
Sweden and an effort by the business community to be environmentally conscious to have
contributed to reducing nitrogen oxides.
5.4 Sulfur dioxide (SO2)
In 2018, Sweden's total emissions of sulfur dioxide (SO2) were just over 17,000 tons. Emissions
have decreased by up to 80 percent compared with the 1990 emission level. The annual
emissions of sulfur dioxide into the air have decreased sharply in Sweden, from 103,000 tons
in 1990 to 17,000 tons in 2018. The reduction has in absolute terms been greatest in the
industrial sector mainly because of oil contains less sulfur, and that oil has been substituted for
other fuels (Swedish Environmental Protection Agency, 2019f).
The industry's emissions from combustion and processes have decreased by 78 percent since
1990. The decline has occurred, among other things, through increased use of biofuels and
through fuel changes, for example by replacing high-sulfur oil with low-sulfur oil. The increase
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has not slowed down in the present, between 2017 and 2018, emissions decreased by four
percentage points. Emissions from domestic transport have decreased by 95 percent since 1990.
Electricity and district heating accounted for approximately 17 percent of sulfur dioxide
emissions in 2018. The largest contribution came from the combustion of solid biofuel that
contains sulfur. Incineration of waste, peat and coal and oil also contributes to a lesser extent.
Emissions have decreased by 81 percent since 1990. The reduction in emissions came mainly
from industry, domestic transport, own heating of homes and premises as well as electric and
district heating because of reduced usage of oil and coal and installation of treatment equipment.
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Figure 30 Emissions (1000 tons) of sulfur dioxide into the air. Source: Swedish Environmental Protection Agency.

Sulfur deposition has several negative environmental effects such as acidification of soil and
water. If the acidification becomes strong, sensitive animals and plants are affected, mainly in
lakes and streams. Sulfur emissions also affect the quality of drinking water and damage
cultural environments as buildings and rock carvings are exposed to corrosion. The Swedish
airborne SO2 emissions mainly came from the combustion of sulfur-containing fuels such as
coal and heating oil. Sweden is also greatly affected by sulfur dioxide downfall from other
countries.
The smog- and emission-related accidents that occurred during the first half of the 20th century
gave rise to a growing interest in emission-related research during the 1930s and 1940s. In
Sweden, sulfur dioxide was mentioned in bills as early as the 1940s, where its potentially
harmful effects were highlighted with references to medical studies, which indicates that in
Sweden's case there was a relatively early awareness. An important driver behind the reduction
of sulfur emissions was the sulfur tax on fuel. The government decided to reduce sulfur
emissions by 65 per cent between 1980 and 1995 and by 80 per cent between 1980 and 2000.
A tax of around SEK 30 per kilo of sulfur in fuel was introduced in 1991 (with a few sectors
excluded).
If sulfur emissions are reduced by purification or bonding to ash, part of the amount is returned
in proportion to the number of emissions saved. The tax is judged to have contributed to the
reduction of sulfur in oil, something that began to happen already when the tax was announced
but before it was implemented. An increased purification of emissions from coal and peat must
also have taken place because of the tax. Furthermore, the energy tax and the carbon dioxide
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tax played important roles in reducing sulfur emissions by shifting consumption of coal and oil
to biofuels (IEEP, 2016).
Between 1989 and 1995, the sulfur tax is estimated to have contributed to 30 percent of the total
reduction in sulfur dioxide. Other contributing factors were that the industry reduced its process
emissions and had a lower permitted sulfur content in the fuel. Of the total reduction in sulfur
emissions, almost two thirds can be explained by substitution from oil to other fuels, primarily
to electricity. The study also shows that the tax has driven technological development that has
led to energy efficiency and thus reduced sulfur emissions. Between 1995 and 2003, emissions
from shipping also decreased, which is attributed to the system of environment-related fairway
fees and testing of industries according to the Environmental Code (Swedish Environmental
Protection Agency, 2003).
Another effect of the sulfur tax is that the sulfur content in heating oils has decreased, which it
did even before the law came into force. Between 1988 and 1989, when the introduction of the
sulfur tax was announced, the sulfur content of heavy fuel oils decreased from 0.8 to 0.7% by
weight.
Hammar and Löfgren (2010) examined sulfur emissions from the manufacturing industry
between 1976 and 1995, the results indicated that the sulfur tax had a decisive role in the
reduction of sulfur emissions. The authors were able to distinguish three different channels
through which the effect of the sulfur tax influenced the manufacturing industry's emissions:
•
•
•

Technological development: The manufacturing industries streamlined energy usage
The refineries reduced the sulfur content of the oil
There was a slight transition from heavy to light fuel oils

The transition from heavy to light fuel oils is believed to have taken place because of the impact
that the tax had on energy prices, which should also have contributed to the substitution from
oil to other energy sources, primarily electricity. Hammar and Löfgren (2001) found that this
substitution should in turn have explained almost two thirds of the total reduction in sulfur
emissions between 1989 and 1995, and the sulfur tax is judged to have spurred technological
development on both the demand and supply side.
Almgren (2015) found that the large reduction in sulfur dioxide emissions in Sweden is mainly
a consequence of the regulation of the sulfur content in fossil fuels and permit testing.
Furthermore, it is emphasized that emissions from the Baltic Sea and the North Sea affect land
and water in Sweden more than emissions from operations in Sweden. About 90 percent of the
fallout over Sweden of sulfur originates from other countries, including boat traffic.
Emissions from shipping is not limited to the same extent, as boats travel mainly on
international waters. Consideration of competitiveness and growth may matter since shipping
has been regulated to a lesser extent. In 2015, the UN organization IMO introduced special
rules on sulfur content of fuels for boats in the Baltic Sea, which in short means that boats in
the Baltic Sea and the North Sea need to reduce the sulfur content in fuels from the current 1
percent to 0.1 percent. As the sulfur content may still amount to higher values in other seas,
such special rules are considered to disadvantage companies in the countries around the Baltic
Sea and the North Sea in terms of cost.
5.5 Ozone-depleting substances
Presented below is data on the thickness of the ozone layer over Sweden over the past 30 years.
Natural variations in the thickness of the ozone layer make it difficult to ensure trends, but
application of a linear trend indicates a weak regrowth of the ozone layer over Sweden of around
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2.5 percent since 1988. The hint of regrowth of the ozone layer has not only been observed in
Sweden but in large parts of the world (World Meteorological Organization, 2019).
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Figure 31 Thickness of the ozone layer over Sweden. Source: SverigesMiljömål.se (data provider: SMHI).

The cause of the depletion of the ozone layer was emissions of chemicals that contained
chlorine, mainly chlorofluorocarbons (CFCs), also called freons. Emissions amounted to 98
tons in 2019 and have decreased by almost 93 percent since 1990. Emissions of ozone-depleting
substances have decreased sharply in recent decades.
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Figure 32 National emissions of CFCs. Source: SverigesMiljömål.se (data provider: Swedish Environmental
Protection Agency).

In the early 1970s, researchers first sounded the alarm about how ozone-depleting substances
accumulated in the stratosphere and impaired protection against harmful UV radiation. The
focus was on aerosols, spray packs, which were driven by freons. Consumers in a handful of
countries, including Sweden, reacted and began boycotting these products. When the United
States, Canada, Sweden, and the Netherlands banned all unnecessary use of freons in a range
of products, including sprays, 1977–1978, several companies in these countries had already
begun marketing ozone-safe alternatives to these products. As these companies reacted quickly
to consumer behavior, the technology was probably close at hand.
However, freons and other ozone depleting substances were used in many other products,
including refrigeration products, and the total usage continued to increase. Opinion for phasing
out freons grew stronger in the 1980s as scientific reports on the depletion of the ozone layer
were published. The Montreal Protocol, which included prudent controls on ozone-depleting
substances, was signed in 1987 by 24 nations and the European Commission. At the same time,
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companies that were dependent on ozone-depleting substances began to welcome research to a
greater extent and to start developing and marketing alternatives to freons.
The government in Sweden voted in 1988 in favor of a decommissioning plan with laws, rules,
and regulations where all usage of freons would be phased out by 1995. The decommissioning
plan was updated later to include other types of ozone-depleting substances. The Montreal
Protocol also gradually became stricter to accelerate the phasing out of ozone-depleting
substances. Between 1988 and 1995, the usage of ozone-depleting substances decreased by 93
percent from about 8,000 tons per year to about 550 tons per year. Until 2009, the Swedish
transition with investments and modifications in technology is estimated to have cost around
750 million SEK, of which industry and consumers accounted for about 85 percent (Sweco,
2011; Swedish Environmental Protection Agency, 2003b; Andersen et al., 2018).
5.6 Volatile organic compounds, excl. Methane (NMVOC)
Interest in volatile organic compounds (NMVOCs) increased during the 1970s in the United
States.
Industry emissions of NMVOCs come from e.g., incomplete combustion of oil products in
engines and power plants and from solvents that evaporate. During the 1970s, extensive
emission reductions were implemented by NMVOC in industry. For example, so-called floating
roofs were introduced in storage tanks in order not to release volatile petroleum products. The
industry continued the work that began in the 1970s and has managed to reduce emissions
significantly since 1990 (Swedish Environmental Protection Agency, 2020e).
Between 1990 and 2018, the total emissions of NMVOC in Sweden decreased by about 63
percent. The transport sector accounts for the largest reduction of 91 percent, which is mainly
due to the exhaust gas requirements that led to the introduction of catalytic exhaust gas
treatment and that evaporation of petrol from cars has decreased sharply (Swedish
Environmental Protection Agency, 2019j).
In the product use sector, including solvents, which currently accounts for the largest emissions
of NMVOC, emissions decreased due to a transition to water-based paints (Swedish
Environmental Protection Agency, 2020e). The reduction in emissions of volatile organic
compounds, carbon monoxide and nitrogen oxides over the past 30 years comes from the
transport sector. More specifically, catalytic exhaust gas purification is the largest explanatory
factor (Swedish Environmental Protection Agency, 2019b; 2019c; 2019d).
5.7 Ammonia (NH3)
The largest source of ammonia emissions into the air comes from the handling of manure in
agriculture and as a by-product in catalysts in vehicles and in flue gas purification. The
agricultural sector accounts for close to 90 percent of emissions, while other sectors contribute
marginally (Swedish Environmental Protection Agency, 2019l).
In 2018, industry accounted for five percent and domestic transport for four percent. The paper
and pulp industry as well as the catalytic exhaust gas treatment of petrol cars are the dominant
sources in these sectors. Emissions from the waste sector accounted for three percent of the
emissions in 2018, which mainly came from biological treatment of solid waste and mechanical
drainage of digestate sludge (Swedish Environmental Protection Agency, 2019l).
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Figure 33 Ammonia emissions, thousand tons. Source: Statistics Sweden.

Emissions of ammonia in 2018 were 12 percent lower than in 1990. This is explained by the
fact that emissions from the agricultural sector have decreased to the same extent, above all the
decrease in emissions from the sector is explained by reduced animal husbandry and more
efficient production. An increase in imports of dairy and meat products means that an increasing
proportion of emissions occur in other countries (Swedish Environmental Protection Agency,
2019d). Swedish agriculture's emissions of ammonia are expected to decrease further in the
future, mainly due to reduced animal husbandry, better manure management and a transition to
liquid manure systems (Swedish Environmental Protection Agency, 2019m).
5.8 Chemical usage
Swedish business’ usage of chemical products classified as hazardous to health and the
environment amounted to just under 22 million tons in 2018. In absolute terms, chemical usage
has remained relatively constant between 2008 and 2018. The decline in 2009 is probably due
to the financial crisis. During the same period, the Swedish economy expanded by around 20
percent. The chemical intensity has thus decreased: less chemicals are used per unit of GDP. It
should be mentioned that a change in the usage of chemicals does not necessarily refer to a
change in volumes but may be since the hazard classification - whether a substance is classified
as hazardous to health or the environment - of certain products may vary over time.
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Figure 34 Chemical usage in relation to GDP. Source: Statistics Sweden.
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6. Water and Waste
6.1 Water usage
A total of 2,431 million cubic meters of fresh water and 639 million cubic meters of seawater
were used in Sweden in 2015. In Sweden, an average of 140 liters of water are consumed per
person per day. Total water and per capita water use decreased from 1990 to 2015.
Drinking water comes from lakes, watercourses and groundwater reservoirs which are mainly
replenished during winter and spring by melting snow (SGU, 2020). Both groundwater and
surface water correctly managed provide adequate drinking water. Groundwater often has a
higher quality than surface water, so fewer steps are needed to purify groundwater.
Total water usage has declined in industrial and agricultural production despite increased
production in these sectors. The most visible decline is in agriculture, which since 1990 has
reduced its use by 24 percent. Similarly, the usage of fresh water has decreased in the industrial
sector, there by 14 percent (Statistics Sweden, 2017b). Water usage has declined in absolute
terms since the 1990s.
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Figure 35 Total water usage, 1000 cubic meters, by user every five years. Source: Statistics Sweden, 2015.

Water usage in relative numbers is shown in the figure below. From 1990 until 2015, per capita
water usage declined in all categories. Household water usage per capita fell by around 15 per
cent. In industry and agriculture. In agriculture, it has been halved at the same time as harvests,
in terms of volume, have increased significantly (as will be shown in later sections).
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Figure 36 Water usage per capita, 1000 cubic meters, by user every five years. Source: Statistics Sweden 2015.
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A reduction in water usage is strategically important, even though Sweden is in a relatively
good position with water. Climate change is expected to strike disproportionately on different
parts of the country and lead to more intense precipitation, increased risk of floods and pollution
of water sources from which drinking water is obtained. In south-eastern Sweden and on
Gotland, there have been or been warnings of water shortages periodically.
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Figure 37 Water abstraction, 1000s of cubic meters by region, type of water every five years. Source: Statistics
Sweden.

The largest decrease occurred from the 1970s to the 1980s, but a decline also took place between
the two most recent measuring points (2010 and 2015).
That household water usage has decreased despite an increasing population can probably and
partly be explained by technological development in the form of, e.g., low-flush toilets and
more efficient household appliances (Statistics Sweden, 2017b). Among other things, tests have
shown that modern energy-efficient programs for washing machines and dishwashers use less
water (Swedish Energy Agency, 2017a; 2017b).
Agricultural water usage mainly consists of drinking water for animals and irrigation of crops,
where the latter area accounted for 64 percent of consumption in 2015. In both areas, water
usage has decreased. The reduction in drinking water for animals has taken place in parallel
with the decrease of livestock in Sweden. The number of dairy cows has decreased by around
40 percent during the period 1990 to 2015. Cattle consume plenty of drinking water, a highproducing dairy cow can drink more than 100 liters of water per day (Swedish Board of
Agriculture, 1999).
It is difficult to draw conclusions regarding irrigation of crops because the needs vary with
precipitation and temperature (Statistics Sweden, 2017b). However, the agricultural areal has
decreased during the period, which also means a decline in the irrigated areal. Furthermore, the
development of measurement and control technology has advanced in recent years, which has
increased the efficiency of water utilization (Swedish Board of Agriculture, 2018).
Swedish industry reduced its water use during the 1970s, which is partly explained by a
structural transformation where certain types of water-intensive industry disappeared from
Sweden, and partly by more water-efficient production processes. Since then, the industry's
water consumption has remaine relatively constant with a slight decrease since 1990. More than
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half of the water in the industry is used for cooling. The pulp, paper and paper goods industry
consume most water (Statistics Sweden, 2017b).
6.2 Waterborne discharges of nutrients to the coast
The amount of nutrients added to Sweden's surrounding sea areas has decreased over time.
Between 1995 and 2018, the annual emissions of phosphorus have decreased from just under
5,000 tons to just under 3,000 tons. During the same period, nitrogen emissions decreased by
133,000 tons to 86,000 tons. However, the supply of nutrients varies from year to year due to
differences in precipitation and water flow.
The figure below presents emissions of nutrients as a proportion of the average water flow in
the same year measured in cubic meters per second. Emissions of both nitrogen and phosphorus
have decreased by between 20 and 30 percent between 1995 and 2018. The reduction means
that fewer nutrients are added to the sea for a given amount of added water. Longer time series,
however, are required to be able to distinguish changes and trends over time.
120
100

Index

80
60
40
20
0

Nitrogen

Phosphorus

Figure 38 Water-borne discharges of nutrients to the coast per annual average water flow. Source: Swedish Agency
for Marine and Water Management.

6.3 Wastewater treatment
There were just over 1,700 treatment plants in Sweden in 2016 that purify urban wastewater
from substances that are harmful to the environment and health. These treatment plants are
supplied with wastewater from households, properties and small industries, stormwater in the
form of rain and melt water and drainage water from land around house foundations (Swedish
Water, 2016).
The change in metal emissions to water leaving treatment plants is shown below. The statistics
include sewage treatment plants that are dimensioned for more than 20,000 person equivalents
that purify over 80 percent of the population's wastewater.
Since 1992, emissions of all reported metals have decreased. Lead, cadmium, chromium, and
mercury have decreased by more than 80 percent while nickel, copper and zinc have decreased
by between 40 and 70 percent. It should be emphasized that the metal contents are usually so
low that they become difficult to measure.
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Figure 39 Emissions of heavy metals from sewage treatment plants. Source: Statistics Sweden.

Figures 40 and 41 show outgoing and incoming quantities of nutrients in index form from all
sewage treatment plants subject to a permit that have at least 2,000 people connected. Nutrients
such as phosphorus and nitrogen are found naturally in nature, but when human activity leads
to extra nutrients, eutrophication can occur, which in turn is harmful to biodiversity in lakes,
streams, and oceans. The activities that mainly contribute to eutrophication are agriculture,
industries, wastewater, forestry, road traffic and shipping (Swedish Agency for Marine and
Water Management, 2019).
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Figure 40 Emissions of heavy metals from sewage treatment plants. Source: Statistics Sweden.

Emissions of nutrients to water have decreased since 1992. At the same time, the incoming
quantities of nitrogen and organic substances (BOD7) have been constant since 1998. The
treatment plants have become more efficient in purifying the wastewater from these substances.
The decrease in phosphorus emissions seems to be explained rather by a corresponding decrease
in the starting amount. The degree of purification, i.e., the percentage of a contaminant removed
in the purification processes, in 2016 was 97 per cent for BOD7, 96 per cent for phosphorus
and 62 per cent for nitrogen.
It is worth noting that only some of the nutrients released reach the sea. Emissions are reduced
through retention (natural biogeochemical processes) in land, lakes, and watercourses on the
way to the sea (Statistics Sweden, 2018).
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Figure 41 Outgoing quantities of nutrients at municipal sewage treatment plants. Source: Statistics Sweden.
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Figure 42 Incoming quantities of nutrients at municipal sewage treatment plants. Source Statistics Sweden.

6.4 Waste
In 2018, around 139 million tons of waste was created in Sweden, of which 75 percent arose
from mineral extraction, which includes Sweden's extensive mining industry. To be able to
analyze other types of waste, the mining waste is excluded from the statistics presented below.
Furthermore, changes have taken place in the interpretation of what is waste, how the waste
statistics are to be presented and which methods are used to produce the statistics (Swedish
Environmental Protection Agency, 2020a). These changes make it more difficult to produce
accurate statistics
Between 2010 and 2018, the generated waste, excluding mining waste, increased by almost 24
percent. During the same period, GDP increased by 19 percent. The sectors where waste has
increased the most, and generated the most waste in 2018, are waste management / recycling
and construction. Waste management measures secondary waste, such as ash from waste
incineration. A certain increase in this area can therefore be explained by the fact that primary
waste in other areas has increased (Swedish Environmental Protection Agency, 2020a). Waste
generated in connection with construction activities is closely linked to the construction cycle,
and the increased amount of waste reflects the increase in the industry's net sales during the
same period (Swedish Environmental Protection Agency, 2020b).
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Figure 43 Waste generated excluding waste from mineral extraction. Source: Statistics Sweden.

In 2018, households were the third largest producer of waste when excluding mining waste
Since 2010, household waste has increased by almost 12 percent. Most of the waste consists of
household waste and similar waste, which includes bag and container waste as well as mixed
waste collected at municipaliy recycling centers. The moderate increase in the category of
animal and mixed waste can be explained by more municipalities offeringg separate collection
of food waste, which is therefore sorted out from the mixed residual waste (Swedish
Environmental Protection Agency, 2020c). The sharp increase in wood waste between 2012
and 2014 is due to a change in data collection procedures (Swedish Environmental Protection
Agency, 2016b).
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Figure 44 Waste generated in Swedish households. Source: Statistics Sweden.

Per capita, household waste has increased by about three percent since 2010. At the same time,
household consumption expenditure per capita has risen by around 10 percent. Admittedly, the
time span is short, but the statistics indicate that household consumption has become less wasteintene in recent years.
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Figure 45 Household waste and per capita consumption. Source: Statistics Sweden.

The final treatment of waste in 2018 amounted to just under 140 million tons, of which
approximately 113 million tons was other mineral waste. The reason why the amount of treated
waste differs from the waste generated is that Sweden imports waste and that some waste is
temporarily stored and treated in other years and that pre-treatment of waste is excluded.
Figure 46 shows the treated waste in Sweden and the emissions of greenhouse gases from waste
treatment in index form. The treated waste increased by around 20 percent (from 2010) while
the emissions from treatment have decreased by almost 40 percent.
160
140
120

Index

100
80
60
40
20
0

2010

2012
Treated waste

2014

2016

2018

Discharges from waste treatment

Figure 46 Waste treatment and emissions. Source: Statistics Sweden and the Swedish Environmental Protection
Agency.

Approximately 27 million tons of waste were treated in 2018, which is around 17 percent more
than in 2010. Data for treated waste within different steps in the waste hierarchy are presented
below.
Material recycling and other recycling has increased since 2010, both in terms of tons treated
and the proportion of total treated waste. At the same time, waste disposal decreased. These
trends show a positive development in relation to the waste hierarchy.
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Figure 47 Treated waste according to the waste hierarchy, tons. Source: Statistics Sweden.

Emissions of greenhouse gases from waste have decreased by about 67 percent since 1990 and
today account for just over two percent of Sweden's territorial emissions. The largest emissions
came from landfills, where decomposition of organic waste generated large amounts of methane
gas. The reason for the decrease is partly an increased methane recycling from landfills, and
partly a reduction of organic waste deposited in combination with increased waste incineration
and material recycling.
The development has primarily been driven by several instruments introduced in Sweden
following the 1999 EU directive on landfilling of waste. These policy instruments include
stricter requirements for landfills, landfill tax per tonne of landfilled waste and a ban on
landfilling organic waste (Swedish Environmental Protection Agency, 2019h). At the same time
as the policy instruments are judged to have contributed to a reduced environmental and climate
impact from waste treatment, the landfill tax is today judged to have lost its controlling effect.
Partly due to changes in legislation with increasingly stringent environmental requirements for
landfills, partly due to the development of new technologies for material recycling (The
Swedish Waste Management Association, 2019).

7. Agriculture and forestry
7.1 Hectare harvest and emissions
The efficiency of the amount of harvest that can be extracted from cultivated land has increased
over the past 50 years. In 2017, an average of 43 percent larger harvests were extracted from
the same number of hectares compared with 1965. The average is based on several crops for
which there are statistics in Sweden.
In Figure 48 below, an index has been created of some of the most common crops for which
the authors have complete time series. One hectare of cultivated land produces 50 to 100 percent
more today than in 1965. The steep decline in 2018 is probably since it was a year of drought
and forest fires.
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Figure 48 Development kilos per hectare for important crops. Source: Statistics Sweden.

Despite increased harvests, the nitrogen supply per hectare, for example, has been stable for the
past 20 years. According to the Swedish Board of Agriculture, leaching of nitrogen from
agriculture decreased by 25 per cent between 1985 and 1995, and between 1995 and 2011 by a
further ten per cent (Swedish Board of Agriculture, 2020).
If meat is compared with potatoes or wheat, red meat requires up to 160 times more land and
11 times more carbon dioxide for the same number of calories (Cross, 2019). In other words, a
cow or a pig must be born for several years with, for example, grain and then become a certain
amount of meat. Then, of course, there are free-ranging cows that graze in natural fields and
then the carbon footprint is smaller. In Sweden, fields have become more productive in recent
decades, some crops yield 2-3 times more per hectare and year – at the same time as fertilization
and the use of pesticides are declining.
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Figure 49 Added amount of plant-available nitrogen, kilos per hectare. Source: Statistics Sweden.

The absolute number of pesticides for agriculture decreased between 1981 and 2010.
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Figure 50 Sales of plant protection products 1981–2010. Source: Statistical release Na 19 SM 9001, MI 31 SM 0201
and MI 31 SM 1101, Statistics Sweden.

Since the 1950s, the area for arable land and pastures used in Sweden declined. The right-hand
scale shows that the number of hectares of arable land used decreased from 3.6 million hectares
to 2.6 million and grazing land decreased from 0.72 million to 0.44 million hectares. However,
the decreased use did not lead to food shortages, or a smaller amount of food produced in
Sweden, which will be shown later (Swedish Board of Agriculture, 2018).
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Figure 51 Arable land and pastures, hectares. Source: Statistics Sweden.

Even though fewer hectares are cultivated, the harvests have generally increased. Below are
some common crops. Unfortunately, there is a lack of information about crops that account for
a significant part of the tonnage (the total tonnage can also be of limited value to know as it can
just as easily depend on what is grown), so graphs about it may not be available.
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Figure 52 Total hectare harvest for the three largest crops, kilos per hectare. Source Statistics Sweden.

In terms of employment, agriculture is a shrinking sector in the western world. In 2017, there
were around 63,000 farms in Sweden, in 1970 the number was more than double. However,
production has not declined. The farms are more than twice as big and have better yields. An
average dairy cow produces approximately 8,700 liters of milk in a year, in 1970 the production
was 4,000 liters of milk per cow. One hectare today produces an average of four or five tons of
spring wheat in harvest, while the corresponding figure in 1970 was three tons.
7.2 The forest
Figure 53 shows the total extraction of wood in Sweden 1998–2018. This consists of the two
categories of timber (industrial roundwood) and wood fuel and other extraction. Total Swedish
wood extraction has increased by about 30 percent over 20 years, mainly caused by industrial
round timber (Statistics Sweden, 2019a).
At the same time, productive forest land area remained at the same level since 1960 (Swedish
University of Agricultural Sciences, 2017). The area of the forest has increased by 2.2 percent
over 52 years. Sweden has thus succeeded in extracting more wood from the same areal. The
big rise in 2004 is an effect of the storm Gudrun.
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Figure 53 Domestic extraction of wood, 1000 tons per year. Source: Statistics Sweden (2019a).
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The productive forest area has also remained at the same level overall. Note that the variation
is not significant (the axis is within a limited area.
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Figure 54 Productive forest land area, number 1000 hectares. Source: Swedish University of Agricultural Sciences
(2017).

The proportion of productive forest that is formally protected has increased over the years and
amounted to 4.4 percent in 2018.
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Figure 55 Formally protected forest, percentage of total area. Source: SverigesMiljömål.se (data provider: Metria)

7.3 Biodiversity
There are many ways to measure and analyze biodiversity. One is to look at a red list index of
Swedish species produced by Swedish University of Agricultural Sciences Swedish Species
Information Centre. The index can take values between 0 and 1 and shows how large a
proportion of the species are expected to remain soon, where 1 means that the species loss has
been stopped.
The red list index is shown between the years 2000 and 2020 for a selection of species groups
presented separately and as a composite average value (RLI Sweden). The average value has
been relatively constant over the last two decades, around 0.88, which means that species are
disappearing at a constant rate. At the species group level, the changes are greater, where,
among other things, bird species have deteriorated over time, while frogs, reptiles and mammals
have spread out.
What generally has the greatest impact on red-listed species in Sweden is land use in agriculture
and forestry. In these areas, the biggest influencing factors are felling and overgrowth (Swedish
University of Agricultural Sciences Swedish Species Information Centre, 2020).
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8. Discussion
The developments described in the previous chapters indicate that it is possible to get more out
of less. The driving forces are many and will be discussed briefly below, but without the goal
of finding out which factor has had the greatest impact.
In future publications, the authors intend to study in more detail the reasons for the decline in
the various variables. The purpose of this section is to give an idea of what factors may have
contributed to the decline. The section is by no means exhaustive but should be seen as an
attempt to introduce these explanations.
Section two described the following equation and simplification of reality where the changes
in the variables are to be seen as “everything else equal” in general:
𝐸𝐸𝐸𝐸 = f(𝑃𝑃, W, 𝑇𝑇)

(1)

where ED represents environmental damage. The environmental damage is an effect of P, the
population, W, wealth (e.g., GDP per capita) and T, the technology used in production. An
improvement in the variable T (a decrease in the variable) would indicate an increase in the
environmentally friendly production efficiency, which has a less environmentally harmful
impact.
In the context of equation (1), it is important to remember two points. First, the world's current
population (P) is 7.5 billion (in 2017) and is expected to reach 9.8 billion by 2050 (United
Nations Department of Economic and Social Affairs, 2017). Second, global wealth (R) is
expected to rise. According to the World Bank (2019b), world GDP is expected to grow by
around three percent in 2019 and forecasts point to continued global economic growth in the
coming decades. So far, the world has not experienced any global economic growth without a
parallel increase in greenhouse gas emissions.
Overall future environmental impact is likely to be extensive unless technical changes can help
to reduce it. However, technological development can be a significant force for change, not
least when it can be diffused on a larger scale an inventor can charge for new knowledge or
release it free. Several factors that contribute to technology development are discussed below.
8.1 Legislation and policy instruments
An example of how legislation has been used form environmental improvement is the ban on
lead in petrol. The ban meant that air borne lead today has almost ceased compared with the
beginning of the 1980s. The lead ban seems to have been announced well in advance and been
on the international agenda, which should have made the changeover relatively painless once it
took place. The legislation was preceded by decades of conflict over the danger of using lead
in petrol.
A large and growing literature has also argued that environmental legislation leads to
technological development, a connection called the Porter hypothesis after Harvard professor
Michael M. Porter. The hypothesis states that well-thought-out environmental legislation can
strengthen companies' competitiveness if it has a positive effect on the pace of innovation,
which in turn can offset the costs of the legislation. Porter argued that the environmental debate
had wrongly viewed environmental legislation as a trade-off between private costs and societal
benefits. To see environmental legislation in this way, according to Porter, missed the dynamic
effects that regulations can create, in the form of innovations that benefit the company, the
country's competitiveness, customers and the environment. The Porter hypothesis quickly
received much attention. The reasoning was further developed in 1995 by Porter and van der
Linde:
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“The notion of an inevitable struggle between ecology and the economy grows out of a static
view of environmental regulation, in which technology, products, processes and customer needs
are all fixed. In this static world, where firms have already made their cost-minimizing choices,
environmental regulation inevitably raises costs and will tend to reduce the market share of
domestic companies on global markets”. (Porter and van der Linde, 1995 p. 97)
The authors give several examples. In Japan, a recycling law was introduced which meant that
Hitachi changed the design of its products. The company reduced the number of components
in a washing machine by 16 percent and for vacuum cleaners the reduction was 30 percent. In
the United States, regulations were introduced that forced 3M to reduce the number of chemical
solvents by 90 percent.
Today there is a significant body of literature on the Porter hypothesis and the interplay between
technological development and competitiveness. The exact connections are not yet clear, and
stricter environmental requirements have often been preceded by some technical development,
so when proved possible to remove an environmentally hazardous substance, legislators have
implemented changes without industry losses. It suffices here to state that legislation can have
positive effects both in the form of removing environmentally harmful substances and by
creating stronger incentives for technological advances.
Which force - market, policy, or technology - has been dominant in the emission reductions and
efficiencies that have taken place in recent decades is a difficult question to answer.
First, these forces are difficult to isolate and often go hand in hand. For example, a tax on
nitrogen oxides (policy) would not provide as strong incentives to make energy use more
efficient (technology) if competitive firms did not try to minimize costs (market).
Secondly, it is not always easy to determine the causal mechanisms in cases where several
driving forces have been recorded. If a company suspects that a ban or a tax is on the way, they
can initiate a production change before the policy is implemented, thus the policy can play a
decisive role even before an intervention.
Third, it is difficult to assess the outcome of counterfactual situations. Would Sweden without
energy tax have less energy-efficient household appliances? Or would the technology have
evolved at the same rate as it has?
Finally, this book only goes through a selection of areas, which makes it difficult to draw too
general conclusions. Among other things, the availability of literature and data has directed this
book towards certain areas while disregarding other fields
In most of the environmental successes dealt with in this book, the first step seems to have bee
an increasing awareness of the problems, after which the policy made it more rational for
economic actors to manage and develop alternatives. In most cases, the change was
accomplished with the help of taxes, fees, and regulations for emissions. In cases where total
phasing out was the political goal, technological development seems to have been a prerequisite
for a ban to be introduced. Phasing out lead from petrol, for example, began with softer
instruments and a ban did not come until unleaded petrol was already on the market.
In a Swedish context, there are examples where technology existed before policy. When
catalytic exhaust purification became mandatory for all new cars in Sweden in 1989, the catalyst
had already been used for over a decade on the American market. At the same time, it is difficult
to rule out policy as a driving force as the development of the catalyst was driven by stricter
emission requirements in the United States. Furthermore, there are policies that are designed so
that the technical development precedes the specific requirements placed on companies. The
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BAT adopted by the EU mean that the most effective technology for protecting the environment
must be used if it is economically and technically applicable.
The market has played a prominent role in a couple of the areas covered. The fact that aircrafts
have increased their cabin factor and become more fuel efficient is judged to have been done
for reasons of profitability.
The market was also an important force in the reduced use of ozone-depleting substances in
spray products. Consumers reacted to the new research and companies adapted to demand and
began marketing ozone-safe products before the Swedish ban came in 1977. To later phase out
the use of ozone-depleting substances in other products and sectors, however, policy measures
seem to have been decisive.
Whether the policy that has driven environmental success has been effective is another difficult
question to answer. Among other things, the answer is determined by what is included in the
concept of efficiency. Should politics have driven innovation that streamlined production
processes? Or is a reduction in the use of environmentally hazardous substances sufficient? And
if so, at what cost?
Examples of Swedish environmental legislation that have been noted for efficiency are the
nitrogen oxide tax and the sulfur tax. Both are judged to have contributed to innovation and a
more energy-efficient production processes, which has enabled emission reductions at low
costs. Therefore, the policies have been used as practical examples of the Porter hypothesis
(Weiss and Anisimova, 2019). However, it is difficult to determine whether the instruments'
good results are primarily due to their design or the specific potential of the concerned sector.
There are plenty of examples of policies that have driven technology forward. At the same time,
it is difficult to map how costly these innovations have been, which makes it more difficult to
assess how they relate to the Porter hypothesis' principles and cost-effectiveness. Furthermore,
several instruments have been judged to contribute to reduced emissions, but in a cost-effective
manner and without having significantly induced technical development. These include the
biofuel exemptions from energy and carbon dioxide taxes, the electricity certificate system, and
instruments for green cars.
While it is important to use the most effective instruments and reduce emissions in a cost
effective wa, studies into these matters are sensitive to how externalities are calculated. There
are different opinions about this. In socio-economic analysis in the transport sector, the cost per
kilogram of carbon dioxide emitted over the past ten years has been based on the carbon dioxide
tax. In 2020, the cost will instead start to be based on the reduction obligation. This means an
increase in the cost from SEK 1.14 per kilo (2014 price level) to SEK 7 per kg (2017 price
level). The National Audit Office's evaluation of green car policy instruments, for example,
uses the previous cost. If the higher cost of carbon dioxide were to be used in the same
calculations, the conclusions regarding the constancy efficiency of the policy instruments could
change.
8.2 Polycentric environmental policy
Many of the observed improvements in Sweden have been made possible by changes in other
countries. In 2010, Nobel Prize winner Elinor Ostrom wrote the article “Polycentric systems
for coping with collective action and global environmental change” in which she was negative
to the possibility of achieving climate improvement through international agreements.
Primarily, a polycentric approach can work when change in certain regions brings change
everywhere. For example, a requirement to use the best available technology in a large country
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means that companies must choose between several production lines and switch to the
environmentally friendly way that is thus spread and implemented in the other countries.
The UK will ban the sale of petrol and diesel cars from 2030, which is also being discussed in
Sweden. It can be an ill-considered policy, but no matter, you should expect it to lead to a quick
change. For neighboring countries, this means that traffic through the countries that have
banned new sales of petrol cars will be difficult and producers will have to think about how to
solve it.
How would the automotive industry act? Let's say car manufacturers want to sell vehicles in
California. The market there is large, and if one company gives up, another can go in and take
its place. This should mean that the company must develop a vehicle that works in both markets,
which of course is expensive. The choice will be to have two separate vehicles or one that can
be sold in both places. We should be able to assume that customers do not care so much about
the fuel but see price as a more important factor. If so, it is reasonable for the company to
conform to the law of least resistance and start selling a product that works everywhere, in this
case an environmentally friendly one.
8.3 Investments in R&D
The environmental consequences of economic and social activities are affected by the level and
direction of technological development (Grafström and Lindman, 2017). Climate policy tools
can both limit and contribute to technological progress. It is not only necessary to stimulate the
introduction of new technologies through research and development. Technological advances
and knowledge can be utilized across the planet with little extra cost on the margin. The fact
that some people use an environmental technology does not prevent others from taking part in
the technological breakthrough (provided that the results are released).
Technological change is almost uniformly considered as a necessary, but insufficient condition
for a transition to a more sustainable energy system (Reichardt and Rogge, 2014). Economic
analysis of approaches to reducing environmentally harmful human activity through better
technology are based on the idea that the potentially harmful consequences of economic activity
spill over onto the environment and constitute an externality.
A research article by Wiser and Millstein (2020) calculated the societal benefits of US
government's R&D investments in in wind power. The US government invested a total of three
billion dollars during the period 1976-2017. Technological development has given trickle down
effects. Net profit is estimated at $ 31.4 billion in the average scenario and significantly positive
even in the more cautious scenarios.
Consider the following: a company or university receives money and conducts research that
leads to a patent. In the first years, it is the person who takes the patent who has a monopoly on
the invention and can make money on his own. The inventor can license the use or keep it to
himself. After the end of the patent period, anyone and any company is free to use the invention.
More companies can then take advantage of a technology free of charge, which means that they
can sell their product cheaper, which in turn benefits consumers. Other sources of profit for
society are that there will be many inventions that can be used in other areas, even if the inventor
did not think so (Aldieri et al., 2021).
In all areas of technology, there are various sources for possible future cost reduction.
Technology development opens new processes, learning curves optimize existing processes,
learning-by-doing, economies of scale spread fixed costs and raw material prices for necessary
efforts - all these factors affect the final cost of a particular technology or process. The rapid
cost reduction on, e.g., wind power has primarily taken place through optimization of existing
66

processes, while cost reduction for solar cells has rather taken place through research-driven
technology development (Grafström, 2017; Grafström et al., 2020).
8.4 Environmental protection costs
Environmental protection are activities that prevent, reduce, or eliminate pollution or other
negative impact on the environment, excluding measures for carbon dioxide reduction.
Industry's costs for environmental protection in current prices have increased from 8.5 billion
SEK in 2001 to around 17 billion SEK in 2018. The figure below illustrates the industry's
environmental protection costs and the industry's contribution to real GDP converted into an
index. At the same time as environmental protection costs have doubled, GDP for industry has
increased by around 40 percent, from 540 billion SEK to 750 billion SEK in current prices. This
means that the industry spends larger sums on environmental protection as a proportion of its
contribution to GDP now compared with 20 years ago.
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Figure 57 Industry's environmental protection costs in relation to its contribution to GDP. Source: SCB50 m

The industry's total environmental protection costs can be divided into two areas: running costs
(e.g., administration, maintenance, and supervision) which over time have accounted for around
60 per cent of the environmental protection costs, and investments which have accounted for
the remaining 40 per cent. The figure below shows environmental protection investments by
environmental area. The air area has been the dominant target for investment for the past 20
years. These investments include, for example, conversions of boilers, upgrades that reduce oil
use, filter changes and improvements in treatment plants for, e.g., volatile organic compounds.
The increase in 2012 was due to large investments in combined heat and power plants and
investments to reduce particulate matter and sulfur. The sharp increase in investments in other
environmental areas consisted of initiatives for biological diversity and landscapes (Statistics
Sweden, 2017a).
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Figure 58 Environmental protection investments by environmental area. Source: Statistics Sweden.

Environmental protection investments can in turn be divided into preventive and treatment
investments. Preventive investments involve efforts to ensure that the environmental impact
does not arise, for example through more efficient technology, process changes and fuel
changes. Treatment investments are about taking care of the environmental impact that has
already arisen through, e.g., purification and filtration. In general, preventive investments are
preferable to treatment to reduce the environmental impact in the long term (Statistics Sweden,
2017a). The distribution between different types of investments in Sweden has varied over the
years, but on average, preventive and treatment investments have been equally large.
Investment decisions in environmental protection can be explained by many different factors,
and these factors seem to differ depending on whether the investments are of a preventive or
treatment nature. A study that looked at environmental protection investments to reduce air
borne emissions in Swedish industry between 2000 and 2003 shows that companies that
previously had expenses for green research and development (R&D) are more likely to invest
in preventive environmental protection. High energy costs, on the other hand, increase the
likelihood of companies investing in treatment environmental protection. Finally, preventive
and treatment investments are complementary rather than substitutes - both types of investments
are often made at the same time and do not replace each other (Hammar and Löfgren, 2010).
The EU's environmental innovation index illustrates how well an EU country performs in
environmental innovation in relation to the EU average. The index includes 16 different
indicators divided into the five different dimensions of environment-related inputs, activities,
outputs, socio-economic outcomes, and resource efficiency. The indicators include, for
example, expenditure on environment-related research and development, environment-related
patents and whether companies implement innovative activities to reduce their energy and
material use. Since the index was introduced in 2010, Sweden has fluctuated between first and
fifth place among all EU countries.
In the literature, Sweden is often described as a pioneer in environmental innovation. Sweden
has had a leading position on cleaner energy technologies such as second-generation biofuels,
smart grids, and carbon dioxide storage (Swedish Environmental Protection Agency, 2003c;
OECD, 2014).
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8.5 Environmental taxes
In the early 1990s, Sweden was one of the first countries to introduce several environmental
taxes. Among other things, a tax was introduced on carbon dioxide, sulfur dioxide and nitrogen
oxides. Since then, more economic instruments have been added, including congestion charges,
vehicle tax, electricity certificate systems and landfill tax, while many tax rates have been raised
gradually. Between 2001 and 2016, the government had a stated goal of implementing a “green
tax change” and redistributing the tax burden from tax on labor to tax on environmentally
damaging activities (OECD, 2014). The tax change comprised around 2.8 billion SEK per year
during this period (Rutqvist et al., 2012).
The diagram below illustrates the central government's revenue from environmental taxes
during the period 1993 to 2018 in current prices, where the data for 2017 and 2018 are
preliminary. All taxes that are judged to have environmental relevance are included in the
statistics, regardless of whether the taxes have a stated environmental management purpose or
not. For example, the energy tax is counted as an environmental tax even though its purpose
has largely been fiscal, i.e., to generate revenue.
Environmental taxes in Sweden have doubled in current prices during the reported period, from
around 50 billion SEK to 100 billion SEK. At the same time, the percentage of environmental
taxes in Sweden's total taxes and social security contributions has decreased from 6.2 to 4.5
percent (Statistics Sweden, 2020c). Taxes on energy, which include taxes on energy, electricity,
and carbon dioxide, have accounted for the largest share of revenues.
Tax on transport has accounted for a small part of the revenue, which has increased in recent
years through congestion charges and vehicle taxes. Revenues from environmental taxes do not
necessarily say much about Sweden's environmental progress. The reported increase may be
due to more taxes, higher tax rates or increased production and consumption of what is taxed.
Revenues from most, but not all, taxes included in the statistics have increased in absolute
terms, at the same time as taxes have both been added and abolished (Statistics Sweden, 2020c).
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Figure 59 Environmental taxes. Source: Ekonomifakta (data provider: Statistics Sweden).
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9. Conclusions and future research
The purpose of this book is to show how emissions and use of natural resources in Sweden have
changed and to relate these changes to economic development. The results are somewhat
encouraging as more wealth is achieved from less natural resources. The authors hope that this
book will contribute to an in-depth and fact-based analysis, without belittling the major
challenges that exist in Sweden and the world.
In the area of environmentally and health hazardous emissions in particular, emissions have
decreased drastically. It is also possible to fly more, drive longer distances and consume in
general - for less carbon dioxide. Sweden has high goals - the results in this book show that it
is possible to have rapid reductions in harmful emissions at the same time as GDP increases
because of a larger population and greater productivity.
This does not mean that environmental and sustainability issues should be taken lightly, or that
the transition to a sustainable economy is complete. The climate issue is not in a good position.
At present, the total population of the earth is moving further away from the climate goal, and
at a faster pace than ever. According to the International Energy Association, carbon dioxide
emissions in 2018 are estimated to have increased by 1.7 percent, to 33.1 billion tones. Other
organizations have even higher estimates.
The book does not aim to disentangle which factors that have contributed to the development
described. However, it can be stated that a combination of appropriate environmental
legislation, shifts in consumer demands and related technological development is necessary for
a change. But more research on precisely these issues is welcome.
Judging from the areas covered in the book, political instruments seem to have played a decisive
role in the successes. At the same time, innovation and technological development have been
important means of reducing emissions of several substances that are harmful to the climate
and the environment. Sometimes technology has probably been a prerequisite for politics to
come into place. In a couple of cases, the market has also been the force behind achieving
environmental success.
At the same time, it is difficult to draw too far-reaching conclusions about the relative
importance of the various driving forces. In many cases, all driving forces are present
simultaneously and are difficult to separate. Furthermore, only a selection of areas is presented
in this book, which risks giving a distorted picture of reality.
In summary, it can be concluded that Assar Lindbeck's article in Ekonomisk Debatt from 1974
gave a relatively good picture of the development up to today. Lindbeck said that in cases where
resources are correctly priced on the market, which for example applies to raw materials, an
interaction between supply and demand will ensure that the resources do not run out. In cases
where the external effects are significant but local or national in nature, policy instruments will
work relatively well as an adaptation mechanism. These two factors probably explain a large
part of the positive development we have seen in recent decades. Lindbeck also argued that
when externalities are not limited to nations but are global in nature, policies will be less
effective and the challenges more significant. Regarding, for example, carbon dioxide
emissions, Lindbeck seems to have been right on this point as well.
Future research can complement this book in mainly three ways. Firstly, more areas should be
explored to enable more general conclusions about which forces have been most significant.
Second, the topics covered in this book should be deepened. Finally, future research should take
a closer look at the areas where environmental success has been absent and identify the reasons
for this.
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Figure 6, 7 – Households' total consumption-based emissions
Statistics Sweden. Utsläpp av växthusgaser, koldioxid, metan, dikväveoxid och F-gaser från
produktion utomlands, är beräknade med det lands utsläppsintensiteter där denna produktion
sker. För övriga ämnen är utsläppen beräknade som om produktionen hade skett i Sverige, med
svenska
utsläppsintensiteter.
För
mer
information,
se
<a
href="https://www.scb.se/contentassets/f0d9c7eda5be4b8a96c5827e4bebf513/mi1301_kd_20
17_nb_200217.pdf">Kvalitetsdeklarationen (pdf)</a>
Figure 8 – Sweden’s Import (billions).
Statistics Sweden, 2020b. Export och import av varor fördelade på länder.
https://www.scb.se/hitta-statistik/statistik-efter-amne/handel-med-varor-ochtjanster/utrikeshandel/utrikeshandel-med-varor/pong/tabell-och-diagram/export-och-importav-varor-fordelade-pa-lander/
Figure 9, 10, 11 – Emissions of domestic transport
Swedish Environmental Protection Agency, 2018. Genomsnittlig bensin diselanvändning
Sverige – Swedish Environmental Protection Agency: https://www.naturvardsverket.se/Samar-miljon/Statistik-A-O/Bransleanvandning-for-bensin--och-dieselbilar/
Swedish Environmental Protection Agency, 2019a. Territoriella utsläpp och upptag av
växthusgaser.
http://www.naturvardsverket.se/Sa-mar-miljon/Statistik-A-O/Vaxthusgaserterritoriella-utslapp-och-upptag
https://www.naturvardsverket.se/Sa-mar-miljon/Statistik-A-O/Vaxthusgaser-utslapp-fran-inrikestransporter/
https://www.ekonomifakta.se/fakta/energi/energibalans-i-sverige/anvandning-av-fossila-branslen/

Figure 12, 13, 14, 15, 16 – Fuel usage
Svenska petroleuminstitutet, volymer: https://spbi.se/statistik/volymer/
Svenska petroleuminstitutet, volymer drivmedel
drivmedel/

https://spbi.se/statistik/volymer/volymer-

Swedish Environmental Protection Agency, 2018. Genomsnittlig bensin diselanvändning
Sverige – Swedish Environmental Protection Agency: https://www.naturvardsverket.se/Sa-marmiljon/Statistik-A-O/Bransleanvandning-for-bensin--och-dieselbilar/

Bensin

diesel

i

bilar

effektivitet,

Swedish

Environmental

Protection

Agency:

https://www.naturvardsverket.se/Sa-mar-miljon/Statistik-A-O/Bransleanvandning-for-bensin--ochdieselbilar/

Figure 17, 18 – Aviation
Swedish Environmental Protection Agency. Antal flygresor per invånare. https://www.naturvardsverket.se/Samar-miljon/Statistik-A-O/Flygresor-per-person/
Sveriges
Miljömål.
Antal
flygresor
per
invånare.
http://www.sverigesmiljomal.se/miljomalen/generationsmalet/flygresor-per-invanare/

Växthusgasutsläpp från den svenska befolkningens flygresor https://www.naturvardsverket.se/Sa-marmiljon/Statistik-A-O/Vaxthusgaser-utslapp-fran-den-svenska-befolkningens-flygresor/
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Figure 19 – Emissions from the industry
Swedish Environmental Protection Agency, (2019a). Territoriella utsläpp och upptag av
växthusgaser.
http://www.naturvardsverket.se/Sa-mar-miljon/Statistik-A-O/Vaxthusgaserterritoriella-utslapp-och-upptag
Figure 20, 21, 22, 23 – Energy
Total
energianvändning:
Energimyndigheten.
https://pxexternal.energimyndigheten.se/pxweb/sv/Årlig%20energibalans/Årlig%20energibalans__Tot
al%20tillförsel%20och%20total%20användning%20av%20energi/EN0202_2.px/
Slutlig
energianvändning
per
sektor:
Energimyndigheten.
https://pxexternal.energimyndigheten.se/pxweb/sv/Årlig%20energibalans/Årlig%20energibalans__Tot
al%20slutlig%20energianvändning/EN0202_7.px/

Hushållens energianvändning: Energimyndigheten.
https://pxexternal.energimyndigheten.se/pxweb/sv/Årlig%20energibalans/Årlig%20energibalans__Tot
al%20slutlig%20energianvändning__Bostäder,%20service%20m.m/EN0202_15.px/

Energianvändning för
Energimyndigheten.

uppvärmning

av

småhus,

flerbostadshus

och

lokaler:

http://www.energimyndigheten.se/statistik/den-officiella-statistiken/statistikprodukter/energistatistikfor-smahus-flerbostadshus-och-lokaler/
Total
energitillförsel:
Energimyndigheten.
https://pxexternal.energimyndigheten.se/pxweb/sv/Årlig%20energibalans/Årlig%20energibalans__Tot
al%20tillförsel%20och%20total%20användning%20av%20energi/EN0202_1.px/

Figure 24, 25, 26 – Electricity
Elproduktion: Energimyndigheten.
https://pxexternal.energimyndigheten.se/pxweb/sv/Årlig%20energibalans/Årlig%20energibalans__El%20och%20fjärrvärmeproduktion/EN0202_25.px/

Fjärrvärmeproduktion: Energimyndigheten.
https://pxexternal.energimyndigheten.se/pxweb/sv/Årlig%20energibalans/Årlig%20energibalans__El%20och%20fjärrvärmeproduktion/EN0202_27.px/

Utsläpp från el- och fjärrvärmeproduktion. Swedish Environmental Protection Agency.
https://www.naturvardsverket.se/Sa-mar-miljon/Statistik-A-O/Vaxthusgaser-utslapp-fran-el-ochfjarrvarme/

Överföringsförluster: Energimyndigheten.
https://pxexternal.energimyndigheten.se/pxweb/sv/Årlig%20energibalans/Årlig%20energibalans__Tot
al%20användning%20av%20energivaror/EN0202_5.px/

Figure 27–34 – Pollutions and emissions into the air
Statistics

Sweden

Statistical

database

-

http://www.statistikdatabasen.scb.se/pxweb/sv/ssd/START__MI__MI0108/TotaltUtslapp/table/tableV
iewLayout1/

Kemikalieanvändning: Statistics Sweden (2020). https://www.scb.se/hitta-statistik/statistikefter-amne/miljo/miljoekonomi-och-hallbar-utveckling/miljorakenskaper/pong/tabell-ochdiagram/kemikalier/anvandning-av-kemiska-produkter/
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BNP:
Statistics
Sweden
Statistical
database.
https://www.statistikdatabasen.scb.se/pxweb/sv/ssd/START__NR__NR0103__NR0103E/NR
0103ENS2010T06NA/
Swedish Environmental Protection Agency. Utsläpp av svaveldioxid till luft. https://www.naturvardsverket.se/Samar-miljon/Statistik-A-O/Svaveldioxid-till-luft/

Figure 35, 36, 37 – Water usage:
SGU,
2020.
Grundvattennivåer
april.
https://www.sgu.se/grundvatten/grundvattennivaer/grundvattennivaer_aktuellt_manadsskifte/
Statistics Sweden, 2015. Vattenanvändningen minskar i Sverige. https://www.scb.se/hittastatistik/statistik-efter-amne/miljo/vattenanvandning/vattenuttag-och-vattenanvandning-isverige/pong/statistiknyhet/vattenuttag-och-vattenanvandning-i-sverige-2015/

Statistics

Sweden

Statistical

http://www.statistikdatabasen.scb.se/pxweb/sv/ssd/START__MI__MI0902__MI0902E/

database.

Figure 38–42 – Waterborne discharges and Wastewater management
Vattenburna utsläpp av metaller och näringsämnen från avloppsreningsverk: Statistics Sweden.
https://www.scb.se/contentassets/4d4d22ee07cf4baa9f47e5bab805c00c/mi0106_2016a01_sm_mi22s
m1801.pdf

Vattenburna utsläpp av näringsämnen till kusten: Havs- och vattenmyndigheten.
https://www.havochvatten.se/hav/samordning--fakta/data--statistik/officiell-statistik/officiell-statistik--havs--och-vattenmiljo/tillforsel-av-kvave-till-kusten.html

Figure 43–47 – Waste
Uppkommet

avfall:

Statistics

http://www.statistikdatabasen.scb.se/pxweb/sv/ssd/START__MI__MI0305/MI0305T01C/

Behandlat

avfall:

Statistics

http://www.statistikdatabasen.scb.se/pxweb/sv/ssd/START__MI__MI0305/MI0305T003/

Sweden.
Sweden.

Hushållens konsumtionsutgifter: Statistics Sweden.
http://www.statistikdatabasen.scb.se/pxweb/sv/ssd/START__NR__NR0103__NR0103E/NR0103ENS
2010T04NA/

Utsläpp från avfallsbehandling: Swedish Environmental Protection Agency.
https://www.naturvardsverket.se/Sa-mar-miljon/Statistik-A-O/vaxthusgaser-utslapp-fran-avfall/

Figure 48-55 – Agriculture and forestry
Skördar efter län/riket och gröda. År 1965 – 2018 Statistical database Statistics Sweden:

http://www.statistikdatabasen.scb.se/pxweb/sv/ssd/START__JO__JO0601/SkordarL/

Potatis
https://www.scb.se/hitta-statistik/statistik-efter-amne/jord-och-skogsbrukfiske/jordbrukets-produktion/skord-av-potatis/pong/statistiknyhet/skord-av-potatis-2018.preliminara-uppgifter/
Gödningsmedel: Ex Statistics Sweden Statistical database: Tillförsel av kväve efter gröda och
gödselslag. Urvalsundersökning, se fotnoter. År 1998/1999 - 2015/2016
Försäljning bekämpningsmedel: http://www.scb.se/mi1305

Generell

markanvändning:
https://www.scb.se/hitta-statistik/statistik-efteramne/miljo/markanvandning/markanvandningen-i-sverige/
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Ozonskiktets tjocklek över Sverige: SverigesMiljömål.se (data provider: SMHI).
http://sverigesmiljomal.se/miljomalen/skyddande-ozonskikt/ozonskiktets-tjocklek/
Nationella utsläpp av CFC: SverigesMiljömål.se (data provider: Swedish Environmental
Protection Agency).
http://sverigesmiljomal.se/miljomalen/skyddande-ozonskikt/nationella-utslapp-av-cfc/
Formellt skyddad skog: SverigesMiljömål.se (data provider: Metria)
http://www.sverigesmiljomal.se/miljomalen/ett-rikt-vaxt--och-djurliv/skyddad-produktiv-skog/

Avverkning: https://www.skogsstyrelsen.se/statistik/statistik-efter-amne/bruttoavverkning/
Skogsstatistik: https://www.slu.se/riksskogstaxeringen
Figure 56, Red list index
Rödlisteindex: SverigeMiljömål.se (data provider: Swedish University of Agricultural Sciences
Swedish Species Information Centre).
https://www.sverigesmiljomal.se/miljomalen/ett-rikt-vaxt--och-djurliv/rodlistade-arter/

Figure 57, 58, 59, Discussion
Miljöskyddskostnader: Statistics Sweden.
http://www.statistikdatabasen.scb.se/pxweb/sv/ssd/START__MI__MI1302__MI1302B/MiljoKostSlag
SNI2007/

Miljöskyddsinvesteringar: Statistics Sweden.
http://www.statistikdatabasen.scb.se/pxweb/sv/ssd/START__MI__MI1302__MI1302B/MiljoKostSlag
Om2007/

BNP: Statistics Sweden.
http://www.statistikdatabasen.scb.se/pxweb/sv/ssd/START__NR__NR0103__NR0103E/NR0103ENS
2010T06NA/table/tableViewLayout1/

Miljöskatter: Ekonomifakta (data provider: Statistics Sweden).
https://www.ekonomifakta.se/fakta/energi/styrmedel/energi-ochmiljoskatter/?graph=/25722/1,2,3,4/all/

Appendix 1
See complementary excel file – www.ratio.se
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