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Abstract
The aim of this study is to assess the current situation of energy and carbon flows
through the waste sector in Jämtland. An energy flow analysis is performed by
balancing the inflows and outflows of the lower heating value and embodied energy.
A carbon flow analysis was made on the same principles although with the carbon
content and embodied CO2eq. The results are showing that over a period of one year,
75 000 tons of waste flows through the waste sector in Jämtland. Approximately 60 %
of all the waste is incinerated. The energy analysis shows that 970TJ flows through the
waste sector every year. Household waste is the category with most energy
consumption and emissions in total. However, other materials like metal and
electronics have higher energy and carbon content per ton than the household
category. The results of the analyses can further be implemented in the Sustainable
Jämtland model and it can then be used as a base when making strategies for a
sustainable waste treatment.
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1 Introduction
How to define waste is still a debate. The European Commission’s Waste Framework
Directive 2008/98/EC defines waste as “any substance or object which the holder discards
or intend to discard or is required to discard”. However, waste can also be seen as a
resource which has led to a new perspective on waste and instead of calling it waste
management it can be seen as a resource management (Gharfalkar et al 2015).
It is well known that greenhouse gases (GHG) contribute to climate change, which is
one of the most debated global challenges in the world today. Carbon dioxide is a
greenhouse gas which is a natural part of the atmosphere and a part of the earths
carbon cycle. Human activities contribute to increase the amount of carbon dioxide in
the atmosphere and affect natural sink’s capacity to bind carbon (EPA 2016). Another
very active GHG is methane. A major source of this gas is landfills with organic
materials that is used in waste treatment (Kumar et al 2004).
This thesis is a part of the Sustainable Jämtland model in progress by Mittuniversitetet.
The model will show an overview of today’s carbon dioxide emissions and energy use
over the region in all its sectors. It is based on a project made on an island in Samø
(Denmark). A lot of the island’s energy consumption comes from renewable resources.
The purpose with the project is to see how much the introduction of renewables has
reduced the impact of carbon dioxide and methane emissions, but also which actions
can be taken to further reduce the emissions. A carbon cycle model (CCM) was made
over the island. The model was created based on literature, through estimations and
by taking the annual variations into consideration. It comprises 26 different carbon
pools, such as industry, agriculture, tourism etc. in order to find the resulting net
emission of carbon dioxide from the atmosphere. (Jørgensen & Nielsel 2014).
The purpose of this study is to assess the current situation within the waste sector in
Jämtland concerning energy- and carbon flows, so that it can be used as a scientific
background when making strategies for a sustainable waste treatment. This study will
be a part of a larger project that creates a “Sustainable Jämtland” model.
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2 Background
Waste can cause severe health issues if it is not collected and properly treated.
According to the European Commission’s Waste Framework Directive, the Member
States of the European Union shall have a treatment plan regarding waste.
To meet the European Union’s requirements concerning waste, several solid waste
management systems have been developed, such as the 3R’s (reduce, reuse and
recycle) and extended producer responsibility systems (EPR) etc. (Wilson et al 2014).
The meaning of the 3R’s is to: 1. reduce the amount of waste. This can be accomplished
with for example buy products without a lot of packaging. 2. Reuse the products, for
example buy second hand clothes. 3. Recycle, make new products out of old (figure 1).

Figure 1. Reduce the amount of waste, reuse the products
and recycle old products.
EPR systems is extending the responsibility of the producer to a stage after
consumption of the products life cycle. It is shifting the responsibility away from the
municipalities towards the producers. It also provides incentives for producers to
incorporate environmental considerations when designing a product.
2.1 Waste treatment in Jämtland
There are eight municipalities within the county of Jämtland and a total of 33 recycling
centres (see table 1). Östersund is the capital city which has the most inhabitants. Åre
and Härjedalen are the most touristic areas in the surrounding, partly due to their ski
resorts, and therefore they experience an increasing adjusted number of inhabitants.
The municipalities are responsible for collection and treatment of domestic waste
emerged in their district. Domestic waste includes waste from households and similar
waste that arises from companies, such as food waste from restaurants, large scale
catering establishments and stores. Most municipalities also collect waste from
7

companies at their recycling centres. The companies charge a special fee to not affect
the household’s waste rate with expenses.

Table 1. The 33 recycling centres, divided over the eight municipalities in Jämtland.
Berg
Brånan
Side

Bräcke
Bräcke
Gällö

Härjedalen
Krokom Ragunda
Strömsund Åre
Funäsdalen/Ljusnedal Föllinge Hammarstrand Strömsund Järpen
Hedeviken
Hotagen Stugun
Hoting
Staa

Ljungdalen Kälarne Lofsdalen

Östersund
Odenskog
Lit

Krokom

Hammerdal Brattåsen Brunflo

Sveg

Landön

Gäddede

Ytterhogdal

Åse

Rossön

Lillhärdal

Hallen

Gräfsåsen

Gubbhagen

Household waste and combustible bulky waste are transported over the borders of the
county as a regional export, to Korstaverket in Sundsvall for incineration from all the
municipalities. The incineration process also applies to plastic waste. Household waste
contains a large amount of food waste, although some of the food waste is used for
central composting or home composting.
Gräfsåsen’s waste treatment plant is the only landfill in the county and thus receive
waste from the other municipalities. Landfill waste is mineral wool, porcelain,
windowpanes, ashes etc. Gypsum also goes to landfill but needs to be treated
separately due to hydrogen sulphide issues that can occur when it is being mixed with
other waste. Apart from the landfill, food waste is being composted at Gräfsåsen’s
waste treatment plant.
Stena Recycling AB takes care of hazardous waste, batteries and metal where it is
recycled. Together with El-kretsen, the recycling centres also collect electronics,
kitchen appliances and batteries. The reason for collecting such wastes is that it is the
producer’s responsibility and not the municipality. Packages in its different forms of
glass, plastic, paper and metal is also the producer’s responsibility and is therefore
gathered by Förpacknings- och tidningsinsamlingen AB (FTI 2015).
Concrete, clinker, ceramic and tile are used as construction material and as a base layer
for waste management. Also some soil can be used for this. Wood is being crushed and
sold to Jämtkraft for energy recycling and garden waste as for example bushes and
shrub rice is used for composting.
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2.2 Literature review
Jørgensen & Nielsen (2014) was used as a base for this thesis. Their study models the
inflows and outflows of energy and carbon through the island Samsø in Denmark and
the goal with the Sustainable Jämtland model is to do the same but over Jämtland. To
understand the concept of energy, previous research about energy in different forms
was made. Davis and Masten 2009 was studied as a basis for this. The form of energy
can be transformed, for example the chemical energy in coal can be converted to heat
and electrical power.
In combustion processes heating value is an important concept. The heating value of
the material indicates how much energy is potentially available as fuel. When
measuring the high heating value (HHV) during combustion the heat content of the
water is in its liquid form and when measuring the low heating value (LHV), the water
is in its gaseous form (Blok 2009). During combustion processes the water is always in
in the vapour state (Davis and Masten 2009). Sources for energy values used comes
from Hammond and Jones 2012, Jahangir 2002 and Gerber et al 2008 among others.
Embodied energy analysis is a method to investigate the impact on the environment
when producing a material (Zhang et al 2011). The concept of embodied energy refers
to the energy consumed under the production of the material and that materials have
different sources of primary energy, for example if fossil fuels (e.g. coal and oil) have
been used during the production of a material, higher levels of greenhouse gases has
been discharged than if wind power was used (Constanza 1979).
To get a better understanding of the carbon flows, previous research about the carbon
cycle was used as a base for this study. CO2eq enables different greenhouse gases to
be compared by describing how much a greenhouse gas contribute to global warming
using the functionally equivalent amount of CO2 as a reference (Dovetail 2013). To
calculate the CO2 equivalent of one ton of carbon we need to know that the molecular
mass of CO2 is 44, (carbon is 12 and oxygen 16). That means that the CO2 equivalent of
1 tonne of carbon is 44/12*1=3,67 tonnes. In this study, the concept of embodied CO2eq
also is used, which refers to the CO2eq discharged under the production of the
material. Methane (CH4) has 25 times higher global warming potential than CO2 in a
100-year perspective. The estimated carbon content for organic waste is based on the
notes of Schlesinger (1991). It is noted that C content of biomass is almost always found
to be between 45 and 50% (by oven-dry mass) (Kumar et al 2004). Other values come
from other literature (Avfall Sverige 2012) etc.
9

3 Method
The methods that is used for this project is first of all based on the method used in the
Samsö report (Jørgensen & Nielsel 2014), although this study is modified. To reach the
project goal a conceptual model is made (see figure 2), over the inflows and outflows of
energy and carbon through the waste sector in Jämtland. In this way it is possible to
identify the key variables. The flows are described further in section 3.4-3.5.

Figure 2. Conceptual model over inflows and outflows of energy and carbon through the waste
sector in Jämtland.
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3.1 System boundaries
The study covers a timeframe of one year. Imports and exports is included. Organic
and inorganic wastes is covered, although sewage waste is excluded. The system is the
waste sector in Jämtland and has input from all other sectors and outputs in different
kinds of treatment methods. Waste that goes to landfill will stay in the system, waste
that goes to incineration and compost will flow out of the system and recycled waste
will flow out of the system. Only greenhouse gas emissions are included.
Transportations and machines used for waste treatment are not included.
3.2 Data collection
Necessary range of information is gathered about energy and carbon by making a
literature review (see chapter 2.2). Municipalities are contacted and Avfall Sverige
provides a lot of information. The recycling centres in Odenskog and Järpen are
visited to get a better understanding of the implemented processes and the operation
of the waste treatment. Different communities, treatment plants and recycling centres
is listed and information about the amount of different type of waste produced and
their energy and carbon content.
In the case there was no data, estimations and assumptions are made based on
adjusted number of inhabitants per municipality compared with statistics from other
municipalities. The reason for using the adjusted number of inhabitants is the
fluctuation due to tourism in for example Åre. Statistics from SCB were used to define
these factors (SCB 2013b).
Before the energy and carbon analysis is performed, a material flow analysis is made.
With the collected data it was possible to see how much waste is flowing through the
system and what type of waste it is. The concept of material flow analysis assesses the
flows and stocks of materials through systems defined in space and time. Davis and
Masten 2009 states that a material balance for environmental processes would be as:
Accumulation=input-output, where accumulation, input and output refer to the mass
quantities through a system (in this study the system is the waste sector).

3.3 Energy flow analysis
The energy flow analysis is showing how energy flows from other sectors, to and
through the waste sector in Jämtland. It gives an overview of the energy within the
materials and what happens with the energy when using different treatment methods.
11

Energy cannot be created or destroyed and which has been stated, exists in many
forms and qualities. It is important to recognize which type of energy is actually
mentioned because parts of the energy that is bounded in a material will not be able to
be used as work and instead be lost into the environment (Blok 2009). In this study low
heating value is used to define chemical energy stored in materials. In combination
with the embodied energy of a material.
For waste that goes to incineration the low heating value is investigated to be able to
see how much energy can be used in other sectors, for example heating houses. Plasticand paper packages belongs to this category due to the fact that they will be
incinerated in the end of their lifecycle.
Waste categories metal, glass, hazardous waste, electronics, freezers, fridges and
materials that goes to landfill are assumed to contain only embodied energy. The
reason for using embodied energy values is that these materials will not be combusted
or decomposed, the energy content is bound in the material and will not transform
into another form of energy. With the value for embodied energy it is possible to define
the energy which is stored in the system.

3.4 Carbon flow analysis
The first step of making this carbon flow analysis is to find out the material’s carbon
content. The next step is to transfer this carbon content into carbon dioxide equivalents
(CO2eq). For materials that will not be decomposed and instead be recycled or send to
landfill their embodied CO2eq will be investigated. Then a carbon flow is set up
through the waste sector in Jämtland by accounting for inflows and outflows of
carbon. The outflows will be presented in CO2eq.
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4 Theory
4.1 The first law of thermodynamics
How energy is transformed from one form to another are set by the laws of
thermodynamics. The first law of thermodynamics states that energy cannot be created
nor destroyed but only transformed into other forms of energy. Internal changes of
energy within a system are balanced by the exchanges with the surroundings and with
the physical work that is performed by the system. (Kleidon 2016). Energy can be
balanced and a simplified equation of this balance is: Loss of enthalpy of hot body=gain of
enthalpy by cold body. Whereas the enthalpy is the property of a material that depends
on temperature, pressure and composition of the material (Davis and Masten 2009).
In the understanding of how energy flows through the waste sector it is important to
understand the first law of thermodynamics. The energy will be transformed from one
form of energy to another and available energy decreases when a transformation of
energy happens (Koroneos et al 2011). When we incinerate waste some energy will be
formed as for example district heating, but there will also be some energy losses as
water vapour and ashes. For example, in incineration processes the dissipated energy
is not within the system boundary for this thesis. However, to make the energy flow
analysis, the whole energy chain needs to be identified to make a decision of how to
do the analysis.
4.2 Carbon cycle
The carbon flow analysis is developed through the basics of the carbon cycle. Since
carbon exists in different forms, there are flows of carbon between carbon sinks, the
atmosphere, lands and the ocean. When we, for example incinerate waste, carbon is
released into the air as CO2, thus causes global warming. (Houghton 1993).
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5 Results
Totally 75 000 tons of waste are flowing from other sectors, through the waste sector
in Jämtland, within the period of one year. The households are contributing with
approximately 27500 tons of waste, bulky waste that goes to incineration with
approximately 10000 tons of waste and wood waste approximately 7000 tons of waste
(see table 2).
Table 2. % of the total amounts of waste flowing through the waste sector in Jämtland during
one year.
Type of waste
Household waste
Food waste
Plastic packages
Glass packages
Metal packages
Paper packages
Newspapers
Metal scrap
Mineral wool, gypsum etc.
Garden waste
Wood waste
Bulky waste incineration
Bulky waste other
Hazardous waste
Various electronics
Fridges and freezers
Other appliances
Portable batteries
Hardwired batteries
Gas discharge lamps
Non gas disccharge lamps

Percent
36,3%
5,6%
1,7%
4,3%
0,5%
3,0%
7,2%
3,8%
4,2%
3,8%
9,1%
13,1%
2,6%
1,4%
1,6%
0,7%
0,9%
0,1%
0,0%
0,0%
0,0%

A complete overview of the amounts of waste, energy and carbon flows can be found
in Appendix II.
The gathered data about amounts of waste from the municipalities in Jämtland shows
that 58,5 % of the collected waste goes to incineration, 25,2 % is recycled, 9,4 % is
composted and 4,2 % goes to landfill (see figure 3).
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Treatment method

Incineration

Compost

Recycling

Landfill

Non applicable

Figure 3. Waste treatment method used, shown in percent of the total amounts of waste
flowing through the waste sector in Jämtland. 58,53% of all the waste goes to incineration,
25,24% to recycling, 9,40 % to compost, 4,19% to landfill and 2,64 % are not applicable.

5.1 Energy balance
The total energy (calculated as LVH and embodied energy) flowing through the waste
sector in Jämtland over a one-year period is approximately 970 TJ (see figure 4). Waste
that goes to landfill stays within the system. The categories that goes to incineration or
compost will leave the waste sector and be converted as an input of energy to other
sectors. Parts of the outflow, for example, incineration at Jämtkraft will never leave
Jämtland and some of the waste will be exported out from Jämtland and never come
back to the county.
The outflow for embodied energy in waste that goes to landfill and recycling is the
same as the inflow to be able to make analyses when making changes in the model, for
example if more materials are recycled than that now goes to landfill. Materials that
will be recycled might flow back into the county, then with a different value of
embodied energy than the outflow from this energy flow analysis, because during the
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recycling process energy will be added to create a new product but still that inflow
will be less than when producing a new product.

Figure 4. Energy flows through the waste sector in Jämtland over a period of one year.

5.2 Carbon balance
The inflow of carbon through the waste sector of Jämtland throughout one year is
presented in carbon content for waste that goes to incineration and organic waste.
Inflow for other recycled materials are presented as an embodied carbon dioxide
equivalent. The results are showing an inflow of nearly 30 000 tons of carbon content
and 319 kt/ECO2eq. The outflow is being presented as CO2eq, where the total outflow
is approximately 91,5kt/CO2eq (see figure 5). It is only that waste that is incinerated that
will cause an outflow of greenhouse gas discharges.

Figure 5. Carbon flowing through the waste sector in Jämtland over one year.
16

From the new landfill at Gräfsåsen, there should not be any discharges of greenhouse
gases, because there is no organic material. There should only be minor discharges of
greenhouse gases from the composts if the composts are managed after environmental
regulations. For materials that are being recycled (metal, hazardous waste,
electronics), the outflow of carbon is also set to 0 due to that the carbon stays bound in
these materials and will not be released to the atmosphere.

5.3 Overview
In order to get the overall picture of all the flows of energy and carbon through the
waste sector in Jämtland, (Figure 6). is showing a complete overview of the flows under
a one-year period.

Figure 6. Total overview of the energy and carbon flows through the waste sector in Jämtland
under one year.
17

6 Discussion
In this thesis relevant gases that are emitted and contributes to global warming are
CO2, and CH4. When it comes to incineration, CO2 emissions are more significant in tons
than the other gases, although it is important to keep in mind that CH4 has 25 times
higher global warming potential than CO2, seen in a 100-year perspective (Schlesinger
1991). Landfills with organic materials are the main source CH4 emissions (Kumar et
al 2004), however, today there is no good way of measuring discharges from landfills
but there are ideas of making some kind of measuring to see how big the discharges
are. At the new landfill there are no organic materials and the old landfill is about to
be covered. Once that is done, there will not be any discharges at all (Henriksson &
Eriksson 2015).
Approximately 530kg of waste per capita per year is emerged in Jämtland and 60 % of
the treatment methods used is incineration. Household waste is the category with most
energy consumption and emissions in total. However, other materials like metal and
electronics have higher energy and carbon content per ton than the household
category. If we consider management systems, for example the 3Rs (reduce, reuse and
recycle) and EPR systems (Wilson et al 2014), there will be possibilities to model what
happens to the waste sectors energy consumption and greenhouse gas emissions if we
for example, incinerate less waste.
The results are showing that around 25 % is recycled and if we can recycle more of the
waste that is being incinerated it can be possible to calculate how much the emissions
can be lowered and the energy savings in contrast to producing new material. How
much the emissions are lowered with recycling contra producing new material
depends on the type of material. For example, recycling aluminium can save 96 % of
CO2-equivalents per kg material and plastics 37 % (Hillman et al 2015). To reduce the
amount of waste we can for example buy products without a lot of packaging. This at
the same time relates to the producers’ responsibility to produce products without a
lot of packaging that attracts consumers.
In this study, the energy consumption and emissions from transportations and
machines within the waste sector have not been considered. However, it should be
reckoned that this is of a significant importance in the overall “Sustainable Jämtland
model” to get a full picture of the energy consumption and greenhouse gas emissions
in the county. There are emissions discharged when collecting the waste with trucks,
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driving to recycling centres with the waste and machines are handling the waste at the
recycling centres.

7. Conclusions
The results of the analyses can further be implemented in the Sustainable Jämtland
model because with the analyses it is possible to model what happens with the flows
of energy and carbon within the waste sector if the amount of waste reduces, increases
or more waste is recycled and reused. It can then be used as a base when making
strategies for a sustainable waste treatment. The energy flow analysis shows that 970TJ
flows through the waste sector every year where household waste is the category with
most energy consumption and emissions in total. However, other materials like metal
and electronics have higher energy and carbon content per ton than the household
category. The energy consumption and carbon emissions can be lowered if we change
the choice of material.
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Appendix I – Explanations of collected data
1.Adjusted number of inhabitants:
Numbers from SCB 2013 + adjustments in comparison with the other municipalities.
Berg and Ragunda +300 each. Härjedalen increases with +1000 due to tourism.
The increases of inhabitants are compared with the other municipalities from Avfall
Sveriges statistical report (2013): file:///C:/Users/Anna/Desktop/Avfall%20Sverige/U201416%20Statistikrapport%202013.pdf [2016-02-26]

Guest nights: 7200
http://www.statistikdatabasen.scb.se/pxweb/sv/ssd/START__NV__NV1701__NV1701A/NV1701T6Ar/
?rxid=9c18f131-0083-4dac-96e3-715396e85ffc [2016-02-26]

2. Härjedalen and Ragunda
Data for Härjedalen and Ragunda comes from the municipalities.
3. Bräcke
Bräcke did not have sufficient data. To get the most trustworthy data I took data
from January-June2015 and multiplied with 2.
4. Electrical waste
Data about electrical waste comes from El-kretsen 2013, these numbers have been
compared with the numbers the municipalities reported, and are predominantly
consistent with each other. Elkretsen: http://www.elkretsen.se/sitespecific/elkretsen/files/insamlingsstatistik_2013.pdf

[2016-02-10]

5. FTI
FTI is responsible for packages and these numbers are from 2013. FTI:
http://www.ftiab.se/179.html [2016-02-10]

6. Bulky waste
The municipalities numbers on bulky waste are not consistent with Avfall Sverige. I
have used the data from the municipalities.

7. Landfill
Data about landfill comes from the municipalities and Avfall Sverige.
8. Home composting
Note that home composting is not included.
9. Härjedalen
The data about waste in Härjedalen are high. Tourism can generate more waste. Åre
and Härjedalen have higher amounts of household waste than the other
municipalities which also can depend on tourism.
10. Bulky waste other
The category bulky waste other looks different for different municipalities due to
that this category has been presented in various ways and can in some cases be
spread out over different categories.
Table 1. Explanations of bulky waste other.
Berg

Icke brännbart, wellpapp, tryckimpregnerat, fa-trä

Bräcke

Grovavfall Gräfsåsen

Härjedalen Icke brännbart, fa-trä
Krokom

Ragunda

Möbler för kross, aska från ved och pelletseldning

Strömsund
Åre

Impregträ, konstruktionsmaterial, kabel

Östersund Industriavfall för sortering

Appendix II
Excel sheet named Appendix II is attached as a separate part of this report.

