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Swedish waste management has 
gone through a big transi  on. In 10 
years  me, we see that landfi lls are 
closing and energy recovery and 
material recycling is extensively 
increasing.  We are currently facing 
great changes, but what will waste 
treatment look like in 10 to 20 
years? This is the issue in focus of 
the project Perspec  ves on future 
waste treatment.

Perspec  ves on future waste 
treatment

The research project Perspec  ves on 
future waste treatment is looking at the 
future to show how the waste mana-
gement will develop, both the develop-
ment which we can predict but also the 
development prospects which are more 
or less likely. Today, there are a several 
goals and means of controls whose 
primary objec  ve is to achieve more 
resource-effi  cient waste treatment. Gi-
ven the combina  on of new technology 
and new system solu  ons, there is great 
poten  al for great change. But how ef-
fi cient is the control of today and which 
technological changes are plausible in 
this  me perspec  ve?

The project, as a whole, covers most of 
the on-going as well as possible develop-
ment for the waste treatment un  l year 
2020, and in some cases even to 2030. 
This  me period is too short to refl ect 
a visionary and more comprehensive 
vision of the future. Much can be impro-
ved with our waste management, but 
only parts of the development poten  al 

THE RESEARCH PROJECT:
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can be met during this limited  me pe-
riod. But the  me period is at the same 
 me long and forward looking if seeing 

it from the view point of the companies 
and authori  es on how they go about 
developing their systems. The idea with 
this project is to end up somewhere in 
between,  that is to say which gives a 
long-term founda  on for the planning of 
these actors based on what the current 
systems look like and the visions for the 
long-term development.

Even if the scope of the project is wide, 
it does not claim to give the whole 
picture of the development, but focus is 
to highlight interes  ng issues, problems 

and development possibili  es. We have 
chosen to call these elements perspec-
 ves on development. A large array 

of perspec  ves has been presented in 
the intermediate reports of the project 
and in this compila  on we have chosen 
to present ten of these. It should be 
pointed out that the focus of the project 
is waste treatment (material recycling, 
biological treatment and energy reco-
very) with emphasis on the two la  er 
methods. A part of the work has also 
concerned waste preven  on measures, 
but most of the fi rst steps of the waste 
hierarchy have not been studied within 
this project.

The project stages
The project has been carried out in 5 
subprojects which are shown in the fi -

gure below. The sub-projects have been 
carried out concurrently and by diff erent 

Sub project 1:
Import of waste fuels
for energy recovery

Sub project 2:
Evaluation of future
policy instrument

Sub project 3:
The future market for
biogas from waste

Sub project 4:
Waste to energy in the
district heating systems

Sub project 5:
CO2 emissons from
future waste to energy

Systems analytic
models and
methods. Research
networking

Research reports,
book, seminars,
articles, visits,
conferences,
newsletters
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working teams. Apart from the studies 
in the subprojects, the models that were 
used in the analysis have been deve-

loped further and the results from the 
subprojects have been communicated 
con  nuously to the relevant actors.

A system study
The project adopts a system-analy  cal 
approach, meaning that considera-
 on is taken to how, for example, new 

technology and new means of control is 
aff ec  ng the en  re waste management 
system. The es  mates are made with a 
set of models. The models are compre-
hensive and cover both big and small 
changes and put together the total infl u-
ence of the changes. The models, which 

have been developed by various teams 
of researchers, describe the infl uence 
that a measure has on the energy and 
material fl ows, how the emissions are 
aff ected and how cost-effi  cient they are 
for the system as a whole. The models, 
which have been primarily used are OR-
WARE (waste treatment system), NOVA 
(district hea  ng system) and MARKAL 
(energy system).

SYSTEM ANALYSIS

THERMAL TREATMENT

BIOLOGICAL TREATMENT
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Addi  onal informa  on about the project
During the two years that the project 
has been running, the results have been 
presented at conferences and seminars, 
in ar  cles and in mass media (in total, 
75 communica  on ac  vi  es). More-
over, newsle  ers and result le  ers have 
been sent out during the course of the 
project. The most detailed documenta-
 on is given in fi ve reports, one for each 

subproject. The reports can be down-
loaded from Waste Refi nery’s website 
(www.wasterefi nery.se). The fi ve reports 
are listed to the right. Newsle  ers and 

result le  ers are found at Profu’s web-
site (www.profu.se).

•  Import of waste fuels for energy 
recovery

•  Evalua  on of future policy instru-
ments

•  The future market for biogas from 
waste

•  Waste incinera  on within the Swedish 
 district hea  ng systems

•  Emissions of CO₂ from future waste 
 incinera  on 

Project par  cipants
• Avfall Sverige
• Borås Energi & Miljö
• Energimyndigheten
• EON
• FTI
• Götaverken miljö
• Göteborg Energi
• Göteborgs Stad. Kretslopp
• JTI

• Luleå Tekniska Universitet
• Naturvårdsverket
• NSR
• Profu
• Renova
• SP, Sveriges Tekniska Forskningsins  tut
• Stena innova  ve recycling
• Svensk Fjärrvärme
• Sysav utveckling
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  1
An interes  ng insight that this 
research project has given is that 
Sweden, from an environmen-
tal point of view, has the best 
waste management system in the 
world. Together with a few other 
countries we have, by far, the 
lowest share of landfi lling, the 
highest share of energy reco-
very and material recycling, and 
therefore also the lowest climate 
impact. It is probable that Swe-
den also is the best among these 
high ranked countries due to very 
effi  cient energy recovery and 
material recycling.

Sweden – No. 1 in the world 
in waste management!

This impressive conclusion is relevant if 
we compare the waste management of 
collected and treated waste per ton and 
look at the climate impact. The con-
clusion is probably also valid for other 
forms of climate impact, but this is 
harder to show in unequivocal fi gures. If 
we instead compare the waste mana-
gement per person, we are far from the 
best. Our high material living standards, 
with a rela  vely high produc  on of 
waste per person, causes a considerable 
climate impact. To say that we are the 
best, does not at all imply that that we 
sit back, the poten  al for improvement 
is s  ll great. But we have taken some 
important steps in the right direc  on.

From a global perspec  ve, Europe has 
far be  er waste management than the 
rest of the world, and from a European 
perspec  ve there are seven countries 
which are considerably be  er than 
other European countries. Sweden is 
one of these seven. It is probable that 
we are even in the very top of these 

PERSPECTIVE 
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countries, however, if so, just barely. The 
obvious follow-up ques  on is: What is it 
that has put Sweden at this prominent 
posi  on?

The key factor for the ranking is how far 
along the transi  on from landfi lling to 
energy recovery and material recycling 

has come. But it is almost as important 
that the achieved energy recovery 
and material recycling is effi  cient so 
that other energy produc  on and raw 
material can be replaced in a smart way. 
The fi gure below illustrates how Swedish 
waste management has developed the 
past ten years.

From the fi gure above, we can establish 
that landfi lling has been replaced by a 
combina  on of energy recovery, mate-
rial recycling and biological treatment. 
Other countries with clear environme-
ntal objec  ves for waste management, 
where landfi ll diversion also has been 
successful, have a similar combina-

 on of these treatment methods. This 
means for example that countries with 
high material recycling also are the 
ones with the highest energy recovery. 
From this perspec  ve, the compe   on 
between the three treatment methods 
(material recycling, biological treatment 
and energy recovery) is very small. The 
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methods should instead be viewed as 
complements which, taken as a whole, 
can make up an eff ec  ve waste manage-
ment system.

The fi gure above also illustrates the 
problem with the substan  ally increased 
waste volumes. New treatment capacity 
is needed, not only to replace the pre-
vious landfi lls but also to take care of the 
increased quan  ty of waste. This places 
high demands on society in the form of 
investments and infrastructure. 

Ini  ally, the importance of effi  cient 
material recycling and energy recovery 
was men  oned. There are big diff eren-
ces between the countries in this regard 
and Sweden excels in many ways. One 
example of this is the great expansion in 
biogas produc  on from readily biodegra-
dable organic waste (food waste etc.). 
The expansion especially stands out due 
to the fact that Sweden, as only coun-
try, uses the biogas as vehicle fuel. The 
biogas produc  on system that we have 
is a cost-effi  cient measure to reduce the 
emissions of greenhouse gases. If we 
study the waste incinera  on, Sweden is 
the country that has the most eff ec  ve 

energy recovery. This does not neces-
sarily imply that we have the most eff ec-
 ve incinera  on technology, but that the 

most energy per ton incinerated waste is 
used, both as hea  ng in district hea  ng 
systems and as electricity in electricity 
systems. There are other examples of 
good, and also of not so good, system 
solu  ons, but generally speaking Swe-
den holds a high posi  on in interna  onal 
comparisons.

However, this journey has not been 
simple. It has required a well-developed 
infrastructure – an infrastructure that 
is both extensive and costly. In Sweden, 
this has led to the development of a 
collec  on and source separa  on system, 
biogas plants, vehicle gas fi lling sta  ons, 
and not the least to an extension of the 
district hea  ng systems in the ci  es. The 
unique posi  on that Sweden has taken 
is also of help to other countries. We 
are able to export know-how, techno-
logy and system solu  ons to further the 
development in other countries, but we 
can also export the recycling service by 
off ering to recycle waste that otherwise 
would have been landfi lled.

Landfi lls
Replacing landfi lling with some form of 
recycling should be given fi rst priority, 
since it has the most signifi cant eff ect as 
to reducing the environmental impact 
from waste management. Despite 
this, landfi lls are s  ll the most com-

mon treatment method in Europe, and 
Europe is s  ll signifi cantly be  er than 
the rest of the world. Some  mes we 
might be “blinded by speed” and see our 
solu  ons as evident but fact s  ll stands 
that most countries in the world are far 



14

behind in this fi eld. In the EU27 alone, 
approximately 150 million tons of waste 
is landfi lled every year (90 million tons 
of household waste and 60 million tons 
of industrial waste). If we include the 
new EU candidate countries, the landfi ll 
volume increases to approximately 180 
million tons.

Sweden has come a long way in closing 
landfi lls. Thanks to landfi ll tax and landfi ll 
ban, the landfi lls of organic material 
(food waste, paper, plas  cs etc.) has 
almost been completely phased out. In 
2011, only 0.9% of the household waste 
went to landfi lls. Other countries that 
also have come a long way are Austria, 
Germany, Netherlands, Denmark, Nor-
way, Belgium, Switzerland and Japan. All 
of which, with the excep  on of Japan, 
are European. 

The top map on the next page shows the 
share of household waste (MSW) that is 
landfi lled in the European countries. The 
bo  om map also describes the landfi lls 
in Europe, but the waste volumes that 
are landfi lled in each country. The maps 

illustrate that even though Eastern Eu-
rope deposit a big share of their hous-
ehold waste, it is south-west Europe that 
landfi lls the largest quan   es, despite a 
signifi cant share of recycling. The expla-
na  on lies in that the countries in south-
west Europe have large popula  ons and 
a high material consump  on which in 
total results in large waste quan   es.

There are some examples of countries 
around the world which to a greater 
extent have managed to replace the 
landfi lls with some type of recycling, 
such as Singapore, Hong Kong, China and 
U.S. In these countries approximately 
50%, or slightly less, of the household 
waste goes to landfi ll. In many parts of 
the world there is no func  oning collec-
 on system and landfi lls which result in 

uncontrolled dumping with even bigger 
environmental impact than landfi lling. 
The introduc  on of controlled landfi lling 
together with a func  oning collec  on 
system can in these countries be a more 
eff ec  ve way to progress in the waste 
hierarchy.

In the EU27 alone, approximately 
150 million tons of waste is landfi lled 
every year

”
”
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Landfi lling of MSW in Europe 2010. The picture above shows the share and the 
picture below shows the quan  ty of landfi lled waste. Source: Profu (AvfallsAtlas)
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The waste hierarchy based on environmental systems analysis  research during the last years.

Waste prevention

Reuse

Efficient material recycling (Clean materials, substituting virgin materials)

Efficient energy recovery (R1 criteria fulfilled)

Landfilling

Dumping

Efficient biological treatment (Biogas generation for vehicle fuel)

Inefficient material recycl./biological treatment

Inefficient energy rec. (R1 criteria not fulfilled)

Yet another way to demonstrate im-
portant factors in the development of 
waste treatment, and why Sweden has 
come somewhat further than other 
countries, is to study the development 
from the diff erent steps in the waste 
hierarchy. There are many diff erent ver-
sions of the waste hierarchy which are 
essen  ally very similar. The two fi gures 
below are two versions of the hierarchy 
that are based on an overall view of the 
environmental system analyses which 
have been performed over the past 
years. The fi rst waste hierarchy shows 
the hierarchy between the steps and the 
second one shows the importance of the 
steps from a climate perspec  ve. Even 

if the hierarchies are based on objec  ve 
system analy  cal environment studies, 
the steps only give a general idea of 
which priori  es to make. As concerns 
other types of waste there might very 
well be alterna  ve priority choices. It 
should be noted that the waste hierar-
chy rank the alterna  ves from an envi-
ronmental perspec  ve, but it does not 
say anything about whether this ranking 
is cost-eff ec  ve.

All of the countries men  oned ini  ally as 
the most advanced have moved several 
steps up the hierarchy. It should also be 
noted that the lowest step, landfi ll (8), 
is replaced by a combina  on of other 

Big and small steps
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steps. However, the ac  vity in the hig-
hest steps is low.

The waste hierarchy below is a rough 
illustra  on of the how important the 
steps are from a climate perspec  ve. It 
should here be emphasized that there 
are important diff erences between 
diff erent waste types. Although, as a 
guideline value for the bulk of our waste, 
this illustra  on gives a good indica  on 
of more and less signifi cant aspects 

as to reduce the climate impact. One 
conclusion that can be drawn is that the 
investment in a combina  on of energy 
recovery and material recycling as well 
as biological treatment (3, 4 and 5) is an 
eff ec  ve ac  on for replacing landfi ll (8). 
Another, and from a long-term perspec-
 ve, more important conclusion is that 

waste preven  on (1 and 2) is crucial for 
the development towards sustainable 
climate-friendly waste management.

Rough es  ma  on of the climate eff ect from the steps of the waste hierarchy.

Good

Bad
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Fact: The pile of waste is the total quan  ty generated in 2008. 76% went to energy recovery, 
22% to  material recycling and  2% to compos  ng. 
Data: Weight: 230 400 tonnes Volume: 1680 000 m3      Height: 170 m

Quan  ty of MSW from Gothenburg. (Year 2008)
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  2
Historically, Swedish waste ma-
nagement has been strongly 
infl uenced by control means on 
both na  onal and European level. 
Examples of this are the producer 
responsibility for packaging, the 
landfi ll ban for organic waste and 
investment support for biological 
treatment. A clear diff erence com-
pared to before is that the chan-
ges now take place higher up the 
hierarchy. Can the new objec  ves 
give rise to just as big changes and 
in what way will these have eff ect? 
This chapter will present the results 
for what Swedish household waste 
management will be like in 2020 if 
the proposals for new environme-
ntal objec  ves are introduced and 
complied to.

Swedish household waste in 
2020  - the environmental 
objec  ves 

The last two years, proposals for new 
objec  ves for Swedish waste manage-
ment have been developed within two 
processes: the Environmental Objec-
 ves Council and the work with the 

Na  onal Waste Management Plan. 
The focus of the objec  ves lies on the 
diff erent waste types which they aim 
to steer towards diff erent treatment 
methods. By means of the research 
project’s calcula  on models a system 
study has been made to study how the 
management of Swedish household 
waste can change if four clear objec-
 ves aff ec  ng the household waste 

are a  ained. These four objec  ves are 
described in the short facts below.

PERSPECTIVE
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Two of the objec  ves aim to reduce 
the quan   es of generated waste. The 
result shows that these two objec  ves 
together can give a reduc  on of the 
quan  ty of household waste of almost 
400 000 tons by 2020. The objec  ve for 
reduced genera  on of food waste is the 
largest contributor to waste reduc  on. 
It would mean a signifi cant reduc  on of 
the waste volume which would be the 
fi rst large-scale eff ects of the on-going 
work with waste preven  on measures. 
Addi  onal control means can become 
necessary in order to reach these 
objec  ves, but as for the es  mates and 
results that are presented here we have 

assumed that all the objec  ves will be 
reached.

The two other objec  ves aim to steer 
parts of the household waste towards 
biological treatment and material recyc-
ling. The volumes and the share of hous-
ehold waste that is biologically treated is 
expected to increase with this objec  ve, 
even if the objec  ve for reduced food 
waste volumes at the same  me limits 
the available quan  ty of waste which is 
suitable for this treatment method. The 
total quan  ty for biological treatment is 
es  mated to increase by 28% during the 
period 2010–2020.

The quan  ty and the share of household 
waste that will go to material recycling 
are expected to increase signifi cantly. 
The quan  ty increase is primarily due 
to an increase in the total quan  ty of 
household waste and consequently an 
increase in material recycling. But the 
increase is also due to increased plas  c 
recycling in order to reach the objec  ve 
of 50% recycling of plas  c packaging. Yet 
another reason for an increased share 
of material recycling is a reduced share 
of generated food waste. As a result, a 
greater share of the generated waste 
will go to material recycling. In total, 
the material recycling is es  mated to 
increase by as much as 25% during the 
period 2011–2020.

The quan  ty of Swedish household sent 
to waste-to-energy plants for electricity 
and heat produc  on, is expected to 
remain at their current level throughout 
this period. However, the total quan  ty 

OBJECTIVES FOR SWEDISH 
WASTE MANAGEMENT

• The generated food waste shall be 
reduced with at least 20% compared to 
the year of 2010,  the Environmental 
Objec  ves Council – 2011

• The consump  on of tex  les from raw 
material shall be reduced (the objec  ve 
is set to a reduc  on of 10% of the waste 
volumes compared to 2010), the Na  onal 
Waste Management Plan – 2011

•  The material recycling of paper, metal, 
plas  cs, and glass from households shall 
be at least 50% in 2020. This objec  ve is 
today fulfi lled for all waste types except 
for plas  c packaging, 
the EU Waste Framework Direc  ve

•  At least 40% of the food waste from 
households, caterers, grocery stores and 
restaurants will be biologically treated so 
that plant nutrients and energy can be 
procured, the Environmental Objec  ves 
Council ¬– 2011
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of household waste that is recovered 
for energy, i.e. Swedish and imported 
combus  ble waste, is expected to in-
crease, something which is discussed in 
more detail in the other chapters of this 
book. The decreased share of recovery 

to energy from Swedish waste is a direct 
consequence of the increase of other 
recycling methods. The total share of 
recovery to energy from Swedish waste 
is es  mated to decrease by 5% during 
the period 2011–2020.

0

1000

2000

3000

4000

5000

6000

1985 1990 1995 2000 2005 2010 2015 2020

Hushållsavfall kton/årHousehold waste ktons/year

Prognosis for the amount of household waste with and without waste preven  on

Quan  ty of generated household wste in 2020  – reduced increase

Two of the four objec  ves that are 
accounted for here, aim at having a 
direct eff ect on the genera  on of waste, 
namely the objec  ve to limit the genera-
 on of food waste and the objec  ve to 

limit the genera  on of tex  le waste. The 
fi gure below shows that these two ob-

jec  ves would lead to a signifi cant waste 
reduc  on by 2020. The reduc  on repre-
sents almost 400 000 tons, compared 
to a prognosis without these objec  ves. 
The food waste objec  ve accounts for 
the bulk of the reduc  on.
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MSW

13
%

Material Recycling

25
%

Energy recovery Biological treatment

28
%

Landfilling

2010 2020

22
%

Both of these objec  ves are to be seen 
as ambi  ous for indica  ng the reduc-
 on of food waste and tex  le waste in 

volumes. Historically there have been 
single years when the waste quan   es 
have not increased or even marginally 
somewhat decreased. 2009 and 2010 
were examples of years when, in the 
wake of the economic recession, there 
was a small but clear decrease of the 
quan   es. However, the quan   es have 
on average increased with 2% every year 

during the past 25 years, and there is, 
s  ll, a strong correla  on between the 
economic growth and generated waste 
quan   es. Compared to the waste 
quan   es that are generated today, 
the quan  ty of food and tex  le waste 
will decrease with ca. 190 000 tons. 
But when taking into account that the 
historical increase of these waste types 
need to be ceased, the objec  ves imply 
a waste reduc  on of almost 400 000 
tons by 2020. 

Change (in %) of the generated quan  ty and treatment of MSW between 2010-2020.

Household waste management in 2020
The objec  ves that have been stu-
died aff ect, in one way or another, the 
generated waste quan   es and the 
alloca  on between treatment op  ons 
for the Swedish household waste. The 
last fi gure and the fi gure above present 
the outcome of these objec  ves, i.e. the 
change in quan   es and the alloca  on 
between treatment op  ons. The fi gures 
show results for some preceding years 
as well as a prognosis for the year 2020. 
The results show increased household 
waste quan   es, increased share and 

quan  ty of material recycling and bio-
logical treatment and a slightly reduced 
share of the waste recovered for energy 
but with unchanged quan  ty. The rea-
son why the share of material recycling 
increases is partly because the objec  ve 
to reach 50% of recycling for paper, me-
tal, plas  cs and glass not yet has been 
a  ained for plas  cs. But the increased 
share is also due to the objec  ve to 
reduce the genera  on of food waste. 
The material recycling will increase with 
ca. 342 000 tons due to increased waste 

Treatment of MSW in 2020: 
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Generated quan  ty and treatment of Swedish MSW between 1975-2020. 

quan  ty during this period and with 
an addi  onal 47 000 tons to reach the 
objec  ve for plas  c recycling, i.e. a total 
of 389 000 tons. 

The quan  ty of household waste that 
goes to biological treatment is es  ma-
ted to increase with ca. 220 000 tons. 
Almost two thirds of the increase will 

be food waste from households, restau-
rants and stores, and above one third is 
other organic waste, such as park and 
garden waste. The quan  ty of household 
waste for energy recovery is es  mated 
to remain at the current level. All four 
objec  ves that were studies are diver  ng 
waste away from energy recovery in one 
way or another.
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Source: FTI
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  3
The new Swedish Waste Manage-
ment Plan “From waste manage-
ment to resource management” 
for the period 2012–2017 was 
published in May 2012. It shows a 
clear shi   towards in that it has a 
much stronger focus on objec  ves 
and measures higher up the waste 
hierarchy than previous waste 
management plans. Analyses show 
that that if the studied objec  ves 
are reached, the new waste mana-
gement will be a clear contribu  on 
towards reduced climate impact in 
2020. 

New objec  ves are set in the new waste 
management plan for Swedish waste 
management which are to be reached 
the next 5–10 years. The following 
objec  ves have been analysed in the 
framework of the project:

The Na  onal Waste 
Management Plan from a 
climate perspec  ve

PERSPECTIVE

•  Reduced food waste

•  Increased reuse of tex  les

•  Increased material recycling of 
household waste

•  By 2018, at least 50% of the 
food waste from households, 
ins  tu  onal kitchens, shops and 
restaurants must be sorted and 
processed biologically so that 
plant nutrients are u  lised, with 
at least 40 % being processed so 
that energy is also u  lised.
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The fi rst two objec  ves aim at the top 
steps in the hierarchy and signify genera-
 on and management of smaller quan  -
 es of waste. The third objec  ve signify 

that material recycling of diff erent frac-
 ons e.g. paper, glass, metal, plas  c will 

increase, which also means a shi   from 
waste-to-energy (energy recovery) to 
material recycling of Swedish waste.

Even if none of the objec  ves indicate to 
what extent the quan   es will decrease 
and the reuse and material recycling 
will increase, analyses performed in the 
project show that each step in these di-
rec  ons are clear contribu  ons towards 
reduced climate impact. This is espe-
cially valid for the two fi rst objec  ves 
where the greatest reduc  on of climate 
emissions lies in reduced produc  on of 
food and tex  les.

The objec  ve for material recycling 
also has clear climate benefi ts, espe-
cially if material recycling of metals 
and plas  cs increase. The results are 
further improved if the transi  on from 
energy recovery to material recycling of 
Swedish waste at the same  me releases 
capacity in Swedish waste-to-energy 

plants that that is used for treatment of 
European waste which otherwise would 
have been landfi lled. Swedish objec  ves 
and Swedish waste management can in 
this way contribute to improved waste 
management also beyond the na  onal 
borders. An analogy can be made to the 
Swedish electricity produc  on which, 
like the Swedish waste treatment, from 
a European perspec  ve has compara  -
vely low climate emissions. During the 
period 2010–2030, Sweden is, according 
to the na  onal energy authority (Energi-
myndigheten), expected to have a clear 
electricity surplus which will be exported 
and replace electricity produc  on in the 
Northern Europe with far greater climate 
impact.

The fourth objec  ve is a quan  fi ca  on 
of the desired eff ects of the increased 
biological treatment of food waste. 
The objec  ve’s focus is primarily an 
increased biogas produc  on from food 
waste. The project has studied the con-
sequences of a  ained the objec  ve by 
2020. The fi gure on next page illustrate 
what this means in terms of generated 
and treated quan   es of food waste in 
2020 compared to the actual situa  on 

Each step in these direc  ons are clear con-
tribu  ons towards reduced climate impact
”

”
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in 2010. The quan  ty of food waste is ex-
pected to follow the demographic trend, 
hence the increase in total quan   es.

The project results further show that 
reaching the objec  ves has clear 
climate benefi ts. Calculated per tonne 
food waste, the benefi ts of food waste 
preven  on are greater, but the objec  ve 
is s  ll a clear contribu  on to Sweden’s 
ambi  ons to reduce climate impact. Just 
as for the objec  ve on increased mate-
rial recycling, the climate benefi ts are 
increased if the released capaci  es in 

Swedish waste-to-energy plants are used 
for treatment of European waste which 
otherwise would have been landfi lled. 
Achieving the objec  ve on increased 
biological treatment of food waste, at a 
system level, result in a reduc  on of cli-
mate emissions by 170 000 tons of CO₂ 
equivalents compared to if the alloca  on 
of food waste treatment of today would 
remain un  l 2020. The corresponding 
reduc  on of emissions if Sweden does 
not use the released capacity for energy 
recovery amounts to 40 000 tons of CO₂ 
equivalents.

Treatment of household waste year 2010 and year 2020, with respect to 
governmental objec  ves
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   4
If all the plans for new capacity 
of biogas produc  on from waste 
are realized, the Swedish capa-
city will more than double by 
the year 2020. But much is s  ll 
uncertain regarding whether 
there will be enough volumes of 
source-separated waste that is 
suitable for biogas produc  on. 
Even if the na  onal objec  ve 
on source-separa  on of food 
waste is reached a lot of capacity 
remains to be fulfi lled. This might 
lead to having to pay for a major 
part of the waste being treated 
or treatment of waste with low 
energy value.   

Waste for biogas produc  on 
can double by 2020

PERSPECTIVE

Today there are a total of 19 plants pro-
ducing biogas from food waste, slaugh-
terhouse waste or foodstuff  waste. Most 
of them are located in the southern 
half of Sweden. The capacity today is 
clearly concentrated to the coun  es of 
Skåne and Halland. The plants geograp-
hical placement is shown in the map on 
the next page. They also indicate the 
municipali  es that today off er separate 
collec  on of source-separated food 
waste from households, ins  tu  onal 
kitchens, and restaurants. Almost 180 
of Sweden’s 290 municipali  es off er 
collec  on of sorted food waste from one 
of the three sources. 70 more munici-
pali  es are planning to introduce such 
systems within the next fi ve years. That 
would then mean that 86% of the muni-
cipali  es in the country will be off ering 
collec  on of sorted food waste.

Together the exis  ng plants shown in 
the map digest 750 000 tons of waste 
per year (excluding sewage sludge). 
But the expansion of biogas plants is in 
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full progress and by 2020 the capacity could more than 
double, to 1 600 000 tons per year. Will there be enough 
waste to cover for the addi  onal capacity of biogas pro-
duc  on? The bar chart shows the waste quan   es that 
are used for biogas produc  on today and a possible 
alloca  on of this waste type in 2020. The current 
alloca  on between food waste, foodstuff  waste, 
slaughterhouse waste and manure is fairly evenly 
spread. With the excep  on of slaughterhouse 
waste, this alloca  on is expected to remain the 
same in 2020. (The reason why slaughterhouse 
waste is not foreseen to increase is that it is 
considered to already be fully used.) In or-
der to fi ll the addi  onal capacity of biogas 
produc  on, the quan   es of food and 
foodstuff  waste and manure need to be 
used in a much higher extent. The food 
waste quan  ty (almost 600 000 tons 
in 2020) correspond to 45% of all food 
waste generated today. For this to be 
possible, food waste needs to be source-
separated to a much higher extent than 
is the case today. One incen  ve is the cur-
rent na  onal objec  ve of 50% of source-
separa  on of food waste from households, 
large-scale kitchens, stores and restaurants 
by 2018.  However, this has not yet been 
complemented with other fi nancial con-
trol means at a na  onal level.

Insamling

Biogasanläggningar

Hushåll, storkök och restaurang
Enbart storkök och restaurang

Avloppsreningsverk som rötar matavfall

Samrötningsanläggningar

Waste collec  on
Collec  on from households, ins  tu  onal  
kitchens and restaurants
Collec  on only from ins  tu  onal  kitchens 
and restaurants

Biogas conversion plants
Sewage sludge treatment plant also diges  ng food waste

Co-diges  on plants



31

Waste from the food industry is most 
o  en well suited for biogas produc  on, 
especially since it is well sorted at sour-
ce. Whether or not food waste is used 
for biogas produc  on is to a large extent 
due to the condi  ons of compe   on 
in rela  on to poten  al outlets. Today, a 
signifi cant part of the residual products 
is used as animal feedstuff  and where 
there o  en is high willingness to pay (up 
to 2 000 SEK/ton). This means that the 
biogas producers might have to pay for 
the waste in order to reach the volumes 
that are shown in the chart, the alter-
na  ve being that the need for animal 
feedstuff  is decreased in consequence of 
decreased animal produc  on.

Biogas from manure is iden  fi ed as one 
of the large untapped poten  als for 
biogas produc  on. The main barrier is 
for the  me being the lack of profi tabi-
lity. Manure has a low energy value per 
ton which makes it expensive to trans-
port longer distances. Measured in SEK 
per energy unit biogas, slaughterhouse 
waste can be transported ten  mes the 
distance compared to pig slurry to the 
same cost. However, poten  al assess-
ments including fi nancial constraints 
claim that a manure quan  ty of 3.1 
million tons can be realisable. The fi gure 
accounts for a quan  ty of manure for 
2020 that corresponds to the planned 
treatment of exis  ng and new plants.

The answer to the ques  on is there 
enough waste to fi ll the foreseen treat-
ment capacity is that with the na  onal 
environmental objec  ve on source-

separa  on of food waste we have come 
a long way. Apart from this, it requires a 
signifi cantly increased use of foodstuff  
waste and manure. For both of these 
waste types the economic condi  ons 
are s  ll very uncertain. It could even be 
doub  ul from an environmental perspec-
 ve to start using food waste for biogas 

produc  on instead of as animal feedstuff .
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              5
The achievement of the objec  ve 
on 50% of biological treatment of 
food waste can by 2020 reduce 
the emissions of greenhouse 
gases while at the same  me 
reduce the total costs of the 
waste management system given 
the condi  ons. From a system 
perspec  ve this means that the 
climate ac  on has a nega  ve 
cost.

In April 2012, the government decided 
upon an intermediate objec  ve on 
increased resource management in the 
food chain. According to the objec  ve, 
50% of the food waste from households, 
large-scale kitchens, stores and restau-
rants should be source-separated and 
biologically treated by 2018 in order to 
procure plant nutrients, of which 40% 
is treated so that also energy can be 
procured. If the objec  ve is reached the 
quan  ty of food waste that is source-
separated will increase by 330 000 tons. 
Moreover, some food waste must be 
diverted away from compos  ng towards 
anaerobic diges  on, resul  ng in a total 
increase of food waste going to anaero-
bic diges  on of 435 000 tons. 

Results at the system level show that 
emissions of greenhouses gases de-
crease by almost 500 kg CO₂ equivalents 
per ton food waste that is diverted away 
from energy recovery towards biological 
treatment with biogas produc  on. The 

Biogas produc  on is 
compe   ve in rela  on to 
energy recovery

PERSPECTIVE 
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results are presented in the fi gure on the 
next page. It shows that the emission 
reduc  on mainly is due to two factors: 
the fossil vehicle fuels being replaced by 
biogas (see the bar Anaerobic diges  on 
and vehicle gas use) and landfi lls being 
replaced by energy recovery (see the 
bar Fuel switching energy recovery). 
As regards the la  er, increased source-
separa  on of food waste will enable 
increased import to Swedish energy 
recovery from countries in Europe where 
waste today is disposed in landfi lls. This 
alone means that source-separa  on of 
food waste has climate profi ts. It should 
be men  oned that sor  ng of food waste 
at source and its transfer are considered 
to not generate increased transports 
(hence, the bar Collec  on is zero), which 
naturally requires good logis  c solu  ons.

 A has been previously men  oned, 
increased sor  ng of food waste is 
required in order to reach this objec-
 ve. The introduc  on of such a system 

is expensive, which is shown by the 
fi gure on the next page accoun  ng for 
sor  ng and treatment costs per ton of 
food waste (see the bar Collec  on). The 
costs include separa  on equipment in 
the homes, new bins, new collec  on 
vehicles, informa  on etc. The costs for 
the en  re system are off set by revenues 
from sale of vehicle fuel produced from 
the biogas minus the costs for biogas 
produc  on and distribu  on of vehicle 
fuel (see the bar Anaerobic diges  on 
and vehicle gas use for the net value). 
The fees for treatment of imported 
waste fuel also contribute to lower the 
system cost (see the bar Fuel switching 

Change in greenhouse gas emissions when producing biogas from 1 ton food 
waste, compared to energy recovery
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Change in waste system costs when producing biogas from 1 ton food waste, com-
pared to energy recovery

energy recovery). Included under Other 
is fi rst and foremost a reduced system 
cost from compos  ng of food waste 
which is es  mated to shi   to anaerobic 
diges  on. It should be noted that the 
costs and revenues are es  mated given 
the condi  ons of the project in 2020 and 
that the net result is rela  vely sensi  ve 
to diff erent parameters, e.g. costs and 
technical performance for the whole 
chain collec  on–pre-treatment–biogas 
produc  on–upgrading–distribu  on of 
fuel gas from food waste.

The analyses have been performed from 
a system perspec  ve where increased 
separa  on of food waste from residual 
waste leads to free energy recovery 
capacity at the waste-to-energy plants. 
The consequence should then be that 
the plant owners compensate the reduc-
 on with import of combus  ble waste 

from Europe. The imported quan  ty 
corresponds to the diff erence between 
increased sor  ng of food waste and 
increased reject quan  ty from the 
pre-treatment prior to biogas produc-
 on. If this does not happen, i.e. if the 

energy recovery in Sweden instead 
would decrease, the results s  ll show 
that the environmental objec  ve leads 
to reduced climate impact and a lower 
system cost for the waste management 
system. The level will fall with -100 kg of 
CO₂ equivalents and a bit over -200 SEK 
per ton of sorted waste. 

It should be noted that the system ana-
lysis above does not claim to account for 
the profi tability of a biogas plant, since 
several of the costs and receipts that are 
included in the analysis do not accrue to 
the owner of the biogas plant.
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  6
The con  nued interest in inves-
 ng in Swedish waste-fuelled 

combined heat and power (CHP) 
plants makes it possible for the 
plant operators to off er other 
countries the service to treat 
combus  ble waste. Waste that 
would otherwise have been 
landfi lled can therefore instead 
be used as fuel in Swedish district 
hea  ng systems. As a result Eu-
rope now moves from the lowest 
step in the hierarchy, landfi lling, 
to the level of energy recovery. 
All in all, this means a signifi cant 
reduc  on of emissions of green-
house gases.

During the period 2000–2008 the 
capacity of energy recovery  from waste 
in Sweden more than doubled. The 
incen  ve was to divert the waste from 
Swedish landfi lls. Once this was achieved 
the expansion con  nued. The incen  ve 
today is that Swedish district hea  ng 
companies see energy recovery as an 
economical and environmentally sound 
alterna  ve for district heat produc  on. 
This leads to an increasing diff erence 
between the capacity of energy recovery 
from waste and the supply of Swedish 
waste that need the treatment. 

Swedish energy recovery 
helps Europe move up the 
waste hierarchy

PERSPECTIVE
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The fi gure show how the capacity and 
supply of Swedish combus  ble waste 
can develop un  l 2020. If all the plans 
for future capacity for energy recovery 
from waste are realized, the capacity 
will grow from 5.6 million tons per year 
(2013) to 7 million tons per year (2017). 
The quan  ty of Swedish waste for ener-

gy recovery depends on how the waste 
quan   es and other treatment met-
hods develop. But given that the waste 
quan   es con  nue to increase in the 
same pace as before and that Sweden 
reach today’s environmental objec  ves, 
the need will increase to approximately 
4.8 million tons.

Change in waste system costs when producing biogas from 1 ton food waste, 
compared to energy recovery
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Import of combus  ble waste to Swe-
den was a marginal occurrence up 
un  l 2008. Since then the import has 
increased by 200% which is shown in the 
fi gure on the next page. In 2008 Sweden 
had a balance between supply and de-
mand in the na  onal combus  on capa-

city. The change can very fast due to the 
fi nancial crisis that erupted in the end of 
2008. The economic recession led to a 
sudden decrease in combus  ble waste 
quan   es which was compensated by 
a signifi cant increase in import, and the 
expansion has con  nued since then.
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The incen  ve today is the district 
hea  ng sector which sees waste as an 
economical and environmentally sound 
fuel. The sum of today’s expansion plans 
indicate that the import of combus  ble 
waste will increase to ca. 2.4 million 
tons by 2017. At present there are no 
known plans of new capacity for energy 
recovery to be completed a  er 2017, 
but more plans could come up. If no 
more plans come up, the import will 
steadily decline a  er 2017 (see the de-
cline during the past three years shown 
in the fi gure). The reason is an expected 
increased supply of na  onal combus  ble 
waste which will require a bigger share 
of the combus  on capacity.

Historical data and prognosis of import of combus  ble waste for energy 
recovery in Sweden
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But as regards the large 
waste quan  ty ... which 
today is being landfi l-
led in Europe, import 
for Swedish energy 
recovery is an eff ec  ve 
measure to reduce our 
emissions of greenhou-
se gases 

”
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The result of the project show that 
import of waste, from a system per-
spec  ve, leads to reduced emissions 
of greenhouse gases. This is explai-
ned in the fi gure below which shows 
results from import of waste from 
three countries. The analysis takes into 
considera  on both the increased and 
reduced emissions that import of waste 
leads to. The increasing emissions are 
the ones that are direct emissions from 
the chimneys of the waste-to-energy 
plants (bar 1) and emissions from waste 
transports (bar 3). However, as we can 
see here, the transport emissions are 

of small signifi cance compared to the 
other system changes. The emissions are 
reduced at the landfi lls in the countries 
from where waste is exported. The emis-
sion rates vary between countries due 
to landfi lls being diff erently designed. In 
England the landfi lls have a design and 
technology which gives lower emissions 
compared to for example Poland where 
the waste management in general is less 
developed in terms of the technology 
and the opera  on of the landfi lls. The 
emissions from the Swedish electricity 
and district hea  ng system are also 
reduced in that the energy produc  on 

Changes in greenhouse gas emissions when impor  ng combus  ble waste for energy recovery in Sweden, 
compared to landfi lling of waste in the expor  ng country
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from imported waste replaces fossil 
fuels. The fi gure shows that the emis-
sions, on the whole, are signifi cantly 
decreasing rather than increasing. In 
other words, import of combus  ble 
waste result in clearly reduced emissions 
of greenhouse gases from the system.

To sum up, moving up the hierarchy by 
minimising the genera  on of waste, 
increasing the material recycling or 

increasing the biogas produc  on are 
all good op  ons that are preferable to 
energy recovery if solely seeing to the 
climate eff ects. But as regards the large 
waste quan  ty that s  ll remains a  er 
these measures, and which today is 
being landfi lled in Europe, import for 
Swedish energy recovery is an eff ec  ve 
measure to reduce our emissions of 
greenhouse gases.



42

s 
to

rv
, a

vf
al

l, 
bi

ob
rä

ns
le

n 

um
p 

   
   

   
   

   
sp

ill
vä

rm
e,

 h
et

va
tt

en
 

20
10

 

ko
l, 

ol
ja

, n
at

ur
ga

s

el
pa

nn
a,

 v
är

m
ep

u

19
95

 
19

80
 

Fu
el

s 
us

ed
 in

 d
ist

ric
t h

ea
t p

ro
du

c
 o

n

Co
al

, o
il,

 n
at

ur
al

 g
as

pe
at

, w
as

te
, b

io
m

as
s

el
ec

tr
ic

 b
oi

le
r, 

he
at

 p
um

ps
in

du
st

ria
l w

as
te

 h
ea

t



43

  7
Swedish district hea  ng companies 
have shown a remarkable ability to 
shi   their produc  on as the condi-
 ons in the world change. 30 years 

ago the main part of the produc  on 
was based on oil. Today oil is an 
unusual fuel in district hea  ng sys-
tems and the produc  on is instead 
dominated by biofuels.  

But the price of biofuel has steadily 
increased as the demand has 
increased. This has led to a wil-
lingness to once again change the 
produc  on. Today more and more 
are interested in diff erent types of 
waste fuels that all have in common 
that their prices are well below the 
biofuel price. The prognosis shows 
that waste fuels can get an equally 
important role as biofuels in Swe-
dish district heat produc  on.

During the ini  al stage of the expansion 
of the district hea  ng in the 1970’s, the 
produc  on was to the greatest share 
using oil-fi red heat-only boilers. As the 
oil price rose, more and more chose to 
change to alterna  ve energy sources. 
Ini  ally the use of coal saw a signifi cant 
increase. But that expansion declined 
quite quickly and around the year of 
2000, the produc  on uses a great varie-
ty of diff erent energy sources. Biofuels 
had started to become the domina  ng 
energy source.

During the 21st century the expansion 
of the bio-CHP has been great. This has 
been due to the energy tax, electricity 
cer  fi cate system and the ambi  on to 
reduce emissions of climate gases. Bio-
fuels are today domina  ng the various 
district hea  ng energy sources. 

Waste as fuel has steadily increased in 
popularity since the 80’s un  l today. 
During the 21st century the expansion 
has been driven by bans against landfi l-
ling of combus  ble waste. Compared to 

Energy recovery increasingly 
important for district heat 
produc  on

PERSPECTIVE 
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Fuels used for heat and power produc  on in the Swedish district hea  ng systems. The size of the 
circles is propor  onal to the total fuel use. 
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biofuels the use has though increased 
somewhat more slowly.

During the whole period from the 
1980’s un  l present has seen increasing 
demand of district hea  ng. During 
the last years, the expansion of CHP 
plants has increased as well, which 
has further has increased the district 
hea  ng producers fuel need. Today 
more and more prognoses indicate 
that the hea  ng need in the future will 
decrease, fi rst and foremost due to 
the energy effi  ciency work in exis  ng 
buildings. The district hea  ng suppliers 
also meet much stronger compe   on 

on the hea  ng market primarily from 
heat pumps. In the long term a warmer 
climate might also reduce the need for 
hea  ng. All in all, this gives a prognosis 
of slowly decreasing district hea  ng 
supplies.

Despite a downturn in demand for 
hea  ng, the model calcula  ons show a 
con  nued upturn in demand for waste 
fuel to the district hea  ng sector. The 
development will be the strongest 
during the period 2010–2020. In the 
long run, however, waste CHP will be 
limited in that the market will become 
saturated with base-load produc  on. 

Biofuel use is squeezed between fewer 
district hea  ng supplies and increased 
use of waste as fuel

”
”

The fi gure on the next page illustrate 
how biofuel use is squeezed between 
fewer district hea  ng supplies and 
increased use of waste as fuel. The 

prognosis indicates that a peak for 
biofuel use in the district hea  ng sector 
is about to be reached and that the use 
could become stabilized at today’s level. 
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Prognosis of district heat produc  on and the use of biofuels and waste fuels in 
Swedish district heat produc  on.
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The use of waste as fuel within the 
district hea  ng sector is expected to be 
strongly increasing un  l 2030. At the 
same  me we see a stagna  ng use of 
biofuels. Put together, this translates into 
a forecasted mix of fuels in accordance 
with the fi gure to the right. Together 
waste and biofuel are expected to 
represent a clear majority of the energy 
provided to the district heat produc  on. 
I can be considered as a strength that 
the district heat produc  on has two legs 
to stand on, instead of a situa  on where 
it is completely dependent on one type 

of fuel. The waste heat supplies are 
expected to increase somewhat from 
this  me forward and the heat pumps 
seem to be able to partly maintain its 
compa  bility. 

A small share of fossil fuels is es  mated 
to s  ll be in place as cu   ng-edge 
capacity and reserve capacity. However, 
dependant on the future fi nancial 
control means, this share might also be 
shi  ed to renewable sources of energy 
such as bio-oil.
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Fuels used for heat and power produc  on in the Swedish district hea  ng systems. The size of the 
circles is propor  onal to the total fuel use. 
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  8
We are in the middle of an in-
tense period of construc  on of 
new waste-fuelled CHP plants in 
Sweden. The waste-fuelled CHP 
plants are regarded a compa  ble 
op  on for the future district heat 
produc  on by the district hea  ng 
companies. Between 2009 and 
2020 the energy recovery is es  -
mated to increase with as much 
as 1.6 million tons or 30%. The 
expansion will thereby replace 
exis  ng district heat produc  on 
and while the electricity produc-
 on from the district hea  ng 

system increases. In total, the 
es  mate is that this will result in 
reduced emissions of carbon di-
oxide from Swedish district heat 
produc  on corresponding to 
550 000 tons per year.

Today there are a total of 16 district 
hea  ng systems where new waste CHP 
is planned for, which together are es  -
mated to generate an addi  on of energy 
recovery capacity corresponding to 1.6 
million tons per year compared to 2009. 
All of these plans are thought to be com-
pleted by 2020. In total, 7 million tons of 
waste will subsequently be treated with 
energy recovery by 2020. The expansion 
is expected to give an increase in heat 
and electricity produc  on from waste-
fuelled CHP corresponding to 3.4 and 
1.2 TWh/year respec  vely (in 2009 the 
heat and electricity produc  on was 12.3 
and 1.7 TWh respec  vely). The change 
in heat produc  on and fuel consump  on 
in the 16 systems are presented in the 
fi gure on the next page.  It shows that 
the new plants will replace both biofuel 
as well as fossil fuels, while replacement 
of industrial residual heat is expected to 
be marginal. The electricity produc  on 
from Swedish district hea  ng is es  ma-
ted to increase by 0.5 TWh per year.

District heat emissions are 
reduced with new waste 
CHP

PERSPECTIVE
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Changes in the Swedish district heat produc  on with the introduc  on of new plants for waste-to-
energy.
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The expansion of the waste CHP will in-
fl uence the emissions of greenhouse ga-
ses from the energy system. The waste 
that is combusted is a mix between both 
fossil and renewable material. This is why 
a part of the emission quan  ty of carbon 
dioxide also is a net contribu  on to the 
atmosphere. At the same  me, the ener-
gy from the new plants will be replacing 
alterna  ve electricity and heat produc-
 on. The mix of fuels which is replaced 

in the district hea  ng system has been 
described in the previous fi gures. Within 
the electricity system the mix will consist 
of a larger share of fossil fuels. However, 
the quan  ty of produced electricity from 
the new CHP plants is lower compared to 
the quan  ty of produced hea  ng. Sub-
sequently the emissions from waste CHP 

is lower than from its electricity produc-
 on.  The right fi gure presents the extent 

of the emission change at the 16 planned 
waste CHP plants and from the replaced 
district heat produc  on and electricity 
produc  on. The result (brown bar) shows 
that the expansion during the period 
2009–2020 leads to reduced emissions 
from the energy system corresponding to 
550 000 tons of CO₂ equivalents per year.

It should be noted that the expansion of 
the waste-fuelled CHP also aff ects the 
emissions of greenhouse gases in the 
waste management system. These con-
sequences are described in Chapter 6 
Swedish energy recovery helps Europe 
move up the waste hierarchy.
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Changes in greenhouse gas emissions with the introduc  on of new 
plants for waste-to-energy. 
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The expansion during the period 2009–
2020 leads to reduced emissions from the 
energy system corresponding to 550 000 
tons of CO₂ equivalents per year.

”
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  9
As from 2013, Swedish plants 
for energy recovery from waste 
are included in the EU emission 
trading system (ETS) for fossil car-
bon dioxide emission allowances.  
Model calcula  ons indicate that 
the emission allowance trade will 
increase the variable costs of the 
waste incinera  on with 10–200 
SEK/ton of waste. The cost is 
thereby on approximately the 
same level as the former incinera-
 on tax for CHP plants. Analyses 

of the incinera  on tax showed 
that it had very li  le eff ect on 
the waste management. This 
can be an indica  on that the EU 
ETS will not aff ect the quan   es 
of Swedish waste sent to waste 
combus  on. 

Carbon dioxide emissions 
from energy recovery come 
with a cost

PERSPECTIVE

But depending on whether the 
emissions are based on a temp-
late, as was the incinera  on tax, 
or if they are based on measured 
values, a certain control is s  ll 
possible. Conceivable eff ects are, 
among others, a decrease in import 
and an increase in the source sepa-
ra  on of plas  cs. 

The trading system also generates 
receipts to the energy recovery 
through the alloca  on of emission 
allowances. The net profi t, the al-
loca  on included, will be between 
−50 to +50 SEK/ton of waste that 
is combusted during the whole 
period 2013–2020.
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CONCEIVABLE EFFECTS OF 
EMISSION ALLOWANCES FOR 
WASTE INCINERATION

•  Decreased import of combus  ble waste?

•  Decreased development of waste 
combus  on?

•  Increased source-sepra  on and recyling 
of plas  cs?

•  Export of pure plas  c waste streams for 
combus  on?

•  Source-separa  on and export of plas  cs 
for combus  on?

•  High measurement costs?

Including Swedish energy recovery 
plants in the EU ETS means that these 
plants are charged with a cost for emis-
sions of fossil carbon dioxide. Compared 
to other fuels, e.g. biofuel, natural gas 
and coal, the proper  es of the waste 
vary to a much greater extent. This is 
especially true for the content of fossil 
carbon where diff erent measurements 
show a wide dispersion.

The table below presents an es  mate of 
the resul  ng emission of fossil carbon 
dioxide according to diff erent basic 
sources. 

Based on the dispersion of the table, 
two of the emission levels for fossil car-
bon dioxide in waste combus  on have 
been studied:
Low: 0.1 and High: 0.5 ton of CO2/ton 
of waste, respec  vely. The level Very 
high (1.0 tonne CO2/tonne waste) is 
also illustrated, which could become 

the case when a plant is unable to meet 
the measurement requirements of the 
regula  ons (in which case the en  re CO2 
emission must be classifi ed as fossil).

Basic source Emission level (fossil ton of 
CO2/ton of waste)

Template for household waste in the recently abolished 
incinera  on tax, applied to all combusted waste 0,46

Sweden’s offi  cial emission value for waste combus  on in the 
greenhouse gas emissions report 0,29

Waste composi  on analyses 0,38

Results from the project “Determina  on of the fossil carbon 
content in waste combusted in Sweden” (Avfall 
Sverige – Swedish Waste Management) 0,09 -0,55

Emission levels
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The resul  ng emission allowance cost 
per ton of waste has been calculated 
based on the three emission levels (Low, 
High and Very high) and with a varying 
emission allowance price. The fi gure 
below shows that both the emission 
level and the emission allowance price 
are of great importance to the outcome. 
An emission allowance price of 25 EUR/
ton of CO2, gives an emission allowance 

cost of 25–120 SEK/ton of waste accor-
ding to the model results, given that the 
measurement requirements have been 
met. If the measurement requirements 
have not been met, the cost will be 240 
SEK/ton of waste for the same emis-
sion allowance price. The costs does 
not include any addi  onal costs for e.g. 
measurement, administra  on etc. 

Emissions costs
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Variable cost of EU-ETS for Swedish waste-to-energy plants.
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Alloca  on and consump  on of EU-ETS for Swedish waste-to-
energy plants.
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As from 2013, plants included in the 
trading system and that produce heat 
to a district hea  ng network are given 
a free alloca  on of a certain number of 
emission allowances. The alloca  on will 
be based on a heat benchmark and his-
torical hea  ng delivery, and is therefore 
not dependent on the actual carbon di-
oxide emission of the plant. The es  ma-
ted alloca  on will decrease during the 
en  re period un  l 2020. The alloca  on 
for Swedish energy recovery is es  mated 
to an average of almost 0.5 emission al-
lowances/ton of waste in 2013. 

Above was presented the variable cost 
for waste combus  on in the emission 
allowance system for three diff erent 
emission levels. In the fi gure below, the 
alloca  on of emission allowances during 
the years 2013–2020 is set based on 
the consump  on according to the three 
levels. It shows that a low emission level 
will result in an alloca  on of emission al-
lowances that exceeds the consump  on 
during the whole period. The opposite 
applies in a situa  on with a high emis-
sion level. 

Alloca  on
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The result above shows that, depending 
on the number of emission allowances 
that are consumed for waste combus-
 on, the owner of waste-to-energy plant 

will have either a surplus or a shortage 
of emission allowances at the end of 
the period. To indicate the economi-
cal net profi t, an es  ma  on has been 
made where the diff erence between the 
allocated and the consumed emission 
allowances have been mul  plied with 

a probable emission allowance price. 
The price for an emission allowance has 
been set to 25 EUR/ton of CO2 for the 
en  re period 2013–2020. An accumu-
lated economical result is shown in the 
fi gure. Depending on the number of 
emission allowances required for the 
waste combus  on, the result will be bet-
ween ¬-50 to +50 SEK/ton of combusted 
waste, for the en  re period.

Accumulated net profi t

Net cost of EU-ETS for Swedish waste-to-energy plants (including 
alloca  on.
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  10
Waste that is combusted give 
rise to emissions of fossil carbon 
dioxide. This is caused by its 
content of fossil material, mainly 
plas  cs. One way of reducing 
the emissions of carbon dioxide 
is to remove the fossil material 
from the waste. Several diff erent 
approaches to achieve this have 
been studied, all of which lead to 
reduced climate impact from a 
system perspec  ve. But the met-
hods are proven to be rela  vely 
expensive compared to the price 
for emission allowances in the 
European trading system.

From a so called chimney perspec  ve, 
the total fossil carbon dioxide emissions 
from the Swedish energy recovery in 
2011 amounted to just about 2 million 
tonnes. This is equivalent to approxima-
tely 23% of Sweden’s total emissions 
of greenhouse gases from electricity 
and heat produc  on, and slightly more 
than 3% of Sweden’s total emissions 
of greenhouse gases. However, from a 
systems perspec  ve the Swedish energy 
recovery give a reduc  on of the climate 
emissions since other energy produc-
 on and waste treatment are replaced.

The following measures to reduce the 
emissions of carbon dioxide from en-
ergy recovery have been studied:

A. Transi  on of produc  on of plas  cs 
from fossil raw material to renewa-
ble raw material

B. Increased collec  on and material 
recycling of plas  c packaging

C. Collec  on of municipal plas  c waste 

How to reduce the carbon 
dioxide emissions from 
energy recovery

PERSPECTIVE 
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(plas  cs other than packaging, for 
example used in furniture, toys, cans, 
pipes, buckets, toboggans, crates and 
pallets) and material recycling

D. Collec  on of municipal plas  c waste 
for landfi lling (this is not allowed in 
the current regula  ons but included 
as an op  on to separate and dispose 
of carbon dioxide)

E. Collec  on of municipal plas  c waste 
and combus  on at cement industries

F. Separa  on and storage of carbon di-
oxide from energy recovery (Carbon 
capture and storage, CCS).

G. Increased electric power effi  ciency in 
energy recovery.

The measures A–E involve plas  cs since 
it is the dominant source of fossil car-
bon dioxide emissions. The fi gure below 
shows how much climate gas emissions 
are reduced from a systems perspec  ve 

per ton of plas  cs that is subject to the 
measures A–E. Transi  on from fossil to 
renewable plas  cs (A) and collec  on and 
material recycling of plas  c packaging (B) 
show the greatest emission reduc  ons 
per ton of plas  cs. 

4

3

2

1

0
A B C D E

to
n

CO
2

ek
v/

to
n

pl
as

t

to
n

CO
2

eq
/t

on
pl

as
tic

w
as

te

Reduc  on of greenhouse gas emissions, from a system perspec  ve.

... from a systems per-
spec  ve the Swedish 
energy recovery give a 
reduc  on of the climate 
emissions since other 
energy produc  on and 
waste treatment are 
replaced.
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The table illustrates the total poten  al 
reduc  on of climate emissions from a 
systems perspec  ve. Apart from the me-
asures concerning plas  cs (A–E) we have 
studied op  on (F) for separa  on of car-
bon dioxide in energy recovery in Goth-
enburg and Malmö, where it is stored 
in geological forma  ons underground 
(CCS – Carbon Capture and Storage). 
The technique is s  ll in an experimental 
stage and there are no full-scale plants 
for the chain separa  on–gas transport–
storage. The technique could possibly 
lead to a far greater reduc  on of climate 

gases due to its applicability to both 
renewable and fossil emissions of carbon 
dioxide. This means that the net energy 
recovery is a carbon dioxide sink that 
reduces the amount of carbon dioxide 
in the atmosphere. The last op  on (G) 
does not involve any change in emis-
sions from energy recovery. However, 
the increased electrical power effi  ciency 
is favourable from a systems perspec  ve 
since it allows for alterna  ve electricity 
produc  on with higher fossil carbon 
emissions to be replaced. 

Poten  als from a systems perspec  ve

Measure
Total poten  al reduc  on of 

climate impac  ng emissions year 
2020 (ktonne CO2-equivalents)

Transi  on to renewable plas  cs (A) 60

20% increased recycling of plas  c packaging (B) 30

Collec  on of municipal plas  c waste (3 kg/capita, 
year) (C–E) 30-70 

Separa  on and storage of carbon dioxide from energy 
recovery (F) 970

Increased electrical power effi  ciency (with 10%) in 
na  onal energy recovery (G) 170

In comparison: Sweden’s total emissions of greenhouse gases slightly exceeded 61 000 kilo-
tons of CO2 equivalents in 2011
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All the measures resulted in an incre-
mental cost compared to the waste 
management of today. The fi gure below 
illustrate the costs of the measurements 
in rela  on to the reduc  on of emissions 
they generate from a systems perspec-
 ve (measure G is not included as it 

hasn’t been studied from an economical 
perspec  ve). The fi gure also includes 
graphs for today’s emission allowance 
price, in terms of the research project’s 
reference case scenario for 2020 as well 
as from a 2030 perspec  ve. The emis-
sion price refl ects the marginal cost for 
the measures that are taken within the 
framework of emission allowance trade 
to reach the objec  ves set by EU. The 
incremental costs are high compared 
to the interna  onal emission allowance 
price.

At the same  me it should be conside-
red that there are diff erent approaches 
to value carbon dioxide emissions. 
The current Swedish carbon dioxide 
taxa  on equals 110 EUR/ton of CO2, 
which is the same level as for several of 
the measures.

The measure with the lowest incremen-
tal cost per emission reduc  on (just 
about 80 EUR/ton of CO2 equivalent) 
consists of source-separa  on of plas  cs 
at recycling centres, which is later used 
as fuel for cement manufacturing (E). 
The emission reduc  on is mainly a result 
of the plas  cs replacing coal as fuel in 
the cement industry, while the reduced 
combus  on of plas  cs in energy recove-
ry is partly replaced by renewable fuels 
(mainly for alterna  ve heat produc  on).

Compara  vely expensive measures from an interna  onal 
climate perspec  ve

The cost of reducing greenhouse gas emissions from waste-to-energy plants.
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The results presented in this book are taken from fi ve reports that have been developed 
within the research project Perspec  ves on future waste treatment. These include:
-  Import of waste for energy recovery in Sweden
-  Evalua  on of future control means
-  The future market for biogas produc  on from waste
-  Waste combus  on in the Swedish district hea  ng systems 
-   CO2 emissions from future waste combus  on

The reports can be downloaded from Waste Refi nery’s website (www.wasterefi nery.se)



Perspec  ves on future waste treatment is a two-year research project carried 
out within the framework of Waste Refi nery. A total of 19 interested par  es have 
been involved in this work. The project has studied fi ve diff erent subareas of 
future Swedish waste treatment. The selected areas are of immediate interest 
and considered of great importance for the development of future Swedish 
waste treatment. The areas have been studied from a comprehensive systems 
perspec  ve to create more knowledge about the future development and 
insights in how this can and should be infl uenced. The knowledge can also be 
used to direct the focus of more detailed research and development projects 
within the waste treatment system. 

Waste Refi nery is a na  onal knowledge-centre where the research and 
development work take place in a common cluster consis  ng of representa  ves 
from the industry, the society and research organisa  ons. The centre aims to 
systema  cally evaluate, develop, demonstrate and integrate diff erent strategies 
for effi  cient energy and resource recovery from waste. Focus is set on following 
selected areas: systems analysis and method development of thermal and 
biological conversion of waste into energy and material products. 


