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Tiivistelmä

Kiertotalouspaketti, valtakunnallinen jätesuunnitelma sekä Oulun Jätehuollon oma strategia asettavat paineita etsiä
keinoja parantaa jätehuollon toimia. Kiertotalouden näkökulmasta näillä toimilla edistetään kestävyyttä sekä
suhtautumista jätteeseen.
Tämä työn tarkoituksena on arvioida mahdollisuuksia sekä kartoittaa eri vaihtoehtoja yhdyskuntajätteen kierrätyksen
lisäämiseksi Oulun Jätehuolto Oy:n toimialueella. Vertailu perustuu hintaan, käyttöönottoaikaan sekä kunkin
vaihtoehdon tehokkuuteen. Tämän työn tutkimuskysymyksenä on: Mitkä ovat Oulun Jätehuolto Oy:n vaihtoehdot
kasvattaa yhdyskuntajätteen kierrätystä Oulun Jätehuollon toimialueella sekä mitkä ovat kunkin vaihtoehdon
kustannukset?
Investointilaskelmat tehtiin käyttäen nykyarvomenetelmää. Arvot ja tiedot laskelmia sekä muita arvioita varten on
kerätty julkisista lähteistä, tieteellisistä julkaisuista, lakiteksteistä ja haastatteluista. Työn ensimmäinen osa keskittyy
jätteisiin liittyvään lainsäädäntöön ja keinoihin vaikuttaa talteen otettavan jätteen määrään. Toinen osa esittää Oulun
alueen ja Oulun Jätehuollon toimialueen nykytilanteen sekä sekajätteen koostumuksen Oulussa ja Suomessa.
Kolmannessa osassa käydään läpi yhdyskuntajätteen syntypaikkalajittelun eri muodot ja siihen vaikuttavat tekijät.
Neljäs osa on esitettyjen hajautetun ratkaisun, keskitetyn ratkaisun ja yhdistelmäratkaisun vaihtoehtojen vertailu.
Tämän työn tuloksena voidaan todeta, että tehokkain vaihtoehto olisi perustaa sekajätteen käsittelylaitos yhdessä
erityisesti biojätteen erilliskeräyksen laajentamisen kanssa. Erilliskeräyksen tavoitteena olisi, että kaikki Oulun
Jätehuollon toimialueen asukkaat kuuluisivat biojätteen erilliskeräyksen piiriin. Muita materiaalin talteenottoa
kasvattavia keinoja, joita tulisi ottaa käyttöön yllämainittujen kanssa, on omakotitalojen kannustaminen
kimppapisteiden käyttöön. Informaatio ja opetuskampanjoita tulisi myös käyttää, jotta varmistetaan kuluttajien oikea
käyttäytyminen jätteiden lajittelussa. Arvioitu investointi sekajätteen käsittelylaitoksen perustamiselle tarvittavalla
kapasiteetilla (100 000 t/a) sekä sitä tukevilla toimilla on noin 20 M€. Tämän työn tuloksia käytetään Oulun
Jätehuollon toimesta kartoitettaessa potentiaalisia keinoja yhdyskuntajätteen kierrätysasteen kasvattamista Oulun
Jätehuollon toimialueella.
Tämän työn aikana heräsi monia kysymyksiä liittyen talteen otettujen jätemateriaalien käyttöön, vaihtoehtojen
käyttöönottoon sekä kuluttajien oikean toiminnan varmistamiseen. Tämä työ on siis hyvä lähtökohta
jatkotutkimuksille. Työn tulokset ovat käyttökelpoisia ja yleistettäviä muihin maihin, joiden jätehuollon toimet ovat
modernilla tasolla.
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Abstract

The Circular Economy Package, the National Waste Plan and Oulu Waste Management’s own strategy applies
pressure to seek ways to improve waste management practices in order to promote sustainability and a more circular
approach to waste.
This thesis aims to assess the possibilities and to map the different alternatives for increasing municipal solid waste
recycling in the operational area of Oulu Waste Management Ltd. The evaluation was based on cost, implementation
time and effectiveness estimates. The research question for this thesis is: What are the options for Oulu Waste
Management Ltd. to increase MSW recycling rates in its area of operations and what are the estimated costs?
Investment calculations were done using the Net Present Value method. Values and information for the calculations
as well as other evaluations were acquired from public sources, scientific articles, legislation and interviews. The first
part of the thesis focuses on waste legislature and methods for affecting the amount of recoverable waste collected.
The second part presents the current situation in the Oulu region and in the Oulu Waste Management operational area
as well as the composition of mixed waste in Oulu and Finland. In the third part are presented the source separation
methods and factors affecting it. The fourth part is the evaluation of the presented alternatives of the decentralized,
centralized and hybrid solutions.
The results for this thesis were that the most effective option would be to implement a Mixed Waste Processing
Facility in combination especially with biowaste separate collection expansion to include all inhabitants in the Oulu
Waste Management area of operations - or in short, a hybrid solution. Other recycling boosting options that would be
good to implement with the aforementioned is to encourage detached house neighbourhoods to utilize small scale
bring points. Information and public education campaigns would also have to be utilized to ensure proper consumer
behaviour. The evaluated cost for the implementation of a Mixed Waste Processing Facility with the required
capacity (100 000t/a) in tandem with supporting actions is circa 20M€. These results are to be used as a starting point
by Oulu Waste Management to assess possible methods for increasing recycling rate in the Oulu Waste Management
operational area in the future.
In the process of this thesis, many questions rose regarding the use of recovered waste materials, the practical
implementation of alternatives in addition to engaging consumers in source separation activities. As such, this thesis
is a good starting point for future research. The results of this thesis are applicable and generalizable to other
countries with modern waste management practices.

Additional Information

The spreadsheet model for this thesis is available from the author. Requests are to be sent via email to
janne.jaaska@gmail.com.
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“Humans are the most dangerous of all hazardous waste but 100% biodegradable.”
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ACRONYMS, ABBREVIATIONS AND DEFINITIONS
CEP

Circular Economy Package

EPR

Extended Producer Responsibility

LCA

Life Cycle Analysis

MBT

Mechanical Biological Treatment

MRF

Materials Recovery Facility

MSW

Municipal Solid Waste

MWMP

Municipal Waste Management Provisions

MWPF

Mixed Waste Processing Facility

NRW

Non-recyclable waste

NWP

National Waste Plan

OWM

Oulun Jätehuolto Oy, Oulu Waste Management Ltd

PAYT

Pay-as-you-throw

WTE

Waste To Energy

Definitions
Biowaste is food and kitchen waste produced in households and other comparable
sources, such as restaurants and office buildings (European Commission 2016a).
Mixed waste is the waste produced in households, accommodations and from industrial
and commercial activity after source separation has been done. Residual waste is
synonymous to mixed waste.

Recovery is to use waste to replace other materials (such as coal or oil) to perform a
function which would have been done by using raw materials (Eurostat 2014c).
Recycling is any operation in which waste is recovered and reprocessed into products or
materials for its original or other purpose (Eurostat 2014a).
Reuse is to use components or products which are not waste again for the same purpose
as the original (Eurostat 2014b).
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1 INTRODUCTION
The goal of this thesis is to assess the options to increase municipal solid waste (MSW)
recycling in the operational area of Oulu Waste Management Ltd. (OWM) - the Oulu
region - and roughly estimate costs for each found alternative from the perspective of
the investor(s) and of the consumer. As the literature and legislative review, we will
look into the legislation in Finland, the driving forces and regulations, as well as the
current goals set for material separation in the EU and in particular, Finland.
The main focus of this thesis is on the choice evaluation and the effects each option
might have on MSW recycling rates, the cost structure and the time required for
implementing each alternative. No previous researches regarding this subject in a
similar area have been conducted. The introduction of new and cheaper technologies for
mechanical waste separation also plays a key role in assessing the options for increasing
municipal solid waste recycling potential. With this research we are trying to establish
understanding about the current situation in OWM’s area of operations and to find out
possible subjects for further research.
Oulu Waste Management aims to constantly develop their operations to increase the
responsible management of waste in their area of jurisdiction. Oulu Waste
Management’s goal is to increase the recycling rate of waste under its jurisdiction
(MSW) to 20% by the year 2020 and to 35% by the year 2030. Oulu Waste
Management’s goal is also to promote source separation behaviour of the consumers in
its operational area to help meet and exceed the required recycling percentage of 50%.
The objective of recovering half of waste produced as material is set in the current
Finnish National Waste Plan (NWP) and the goal is to be met by the end of the year
2016 (Ministry of the Environment 2009). The goals for OWM are influenced by the
EU in the form of recommendations for recycling as the Circular Economy Package will
influence the new NWP that will come into effect from the start of 2017.
The research question for this thesis is “What are the options for Oulu Waste
Management Ltd. to increase MSW recycling rates in its area of operations and what are
the estimated costs?”
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2 LITERATURE AND LEGISLATIVE REVIEW
Municipal solid waste defined in the Finnish Law and the Waste Act (646/2011) is the
waste produced in practically all forms of accommodation and the waste with similar
composition produced by small industrial and commercial activity. The goal of this
thesis is to answer the question of how to increase the recycling rates of municipal solid
waste by means of enhancing municipal solid waste source separation and/or by
constructing a mixed waste processing facility, in the Oulu region. Mixed solid waste is
the largest single waste article of municipal solid waste in Finland (Finnish Solid Waste
Association 2015) Municipal solid waste consists of a plethora of different waste
articles that can be seen in Appendix 1.
The objective towards reduced waste generation, or zero waste, and a circular economy
has been the target of numerous EU and national legislative, directive and regulatory
actions. The EU has adopted many legislative proposals to advance the sustainable use
of resources and the amount of recycled materials, for example to increase the recycling
of municipal waste to 65 % by the year 2030 (European Commission 2015a). The
Circular Economy Package published by the EU Commission plays a key role in
defining acts and methods for increasing waste derived material applications in the
upcoming years (European Commission 2015c).
The Waste Framework Directive 2008/98/EC sets general guidelines and definitions as
to what is waste and what is not. Therefore the directive determines how to treat said
waste and what measures are to be taken to ensure correct handling and prevention of
waste (European Commission 2012). The Finnish Waste Act follows the directive in its
main aspects.

2.1 Circular Economy Package – the waste aspect
The Circular Economy Package set by the European Commission is a comprehensive
plan to lead Europe into a more circular economy in which “the value of products,
materials and resources is maintained in the economy for as long as possible, and the
generation of waste minimised.” With these actions the Commission aims to develop a
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sustainable, competitive and resource effective economy. (European Commission
2015c)
The Circular Economy Package includes EU level actions to make the growth for
circular economy easier by removing obstacles from European legislation and by
increasing investment into novel market structures. The strategy will focus on
increasing the use of waste as a raw material and reducing produced waste altogether as
well as driving initiatives on ecodesign, new and/or revised legislation, further
investment and encouragement towards innovation, among others. (European
Commission 2015c) For example, the European Structural & Investment Funds will
finance waste management with 5.5 billion Euros complimentary to other funding
towards Circular Economy projects in the transitional phase (European Commission
2016b).
The efficient and effective use and management of waste is essential to the successful
implementation of circular economy principles. The EU aims to reduce the amount of
waste and to increase the amount recycled by affecting the choices made by the
consumers with e.g. more accessible and trustworthy labels for “green” products
(European Commission 2015c). In addition to changing the behaviour of the consumer,
the EU is establishing long-term goals for public and business sectors alike to achieve a
circular economy with the aid of new legislative acts to reduce landfilling and to
increase recycling (European Commission 2015c). In the U.S., similar plans in the form
of “zero waste” policies on a municipal scale aim to collect all reusable or recyclable
materials from waste streams (Rogoff 2014, p. 23).
To achieve the high levels of material recycling, emphasis must be put on the collection
and sorting of waste. Correct waste management practices are vital for the quantity and
quality of waste when the goal is to use waste as a raw material. Keeping different
waste materials separate from each other a higher level of material quality can be
achieved. This in turn will increase the strain on waste management actors. The limiting
factors on waste collection and separation at the source are mainly due to low
investment, limited administrative capacity and the insufficient use of economic
instruments. The recycling and reduction of plastics and food waste is essential for a
circular economy from the waste point of view as they form a large portion of the
economical strain in the European markets. In addition, a goal of halving the amount of
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food waste produced per capita by the year 2030 has been set as part of the Circular
Economy Package. (European Commission 2015c)
A new view named “The New Plastics Economy” towards changing the use of plastic
packaging and the whole plastic economy has been presented in a report by the World
Economic Forum. The report is an addition to the circular economy approach and aims
to aid in increasing plastics reuse and recovery (World Economic Forum 2016).

2.2 The EU and Finnish legislation
The European Union has set its own directives like the Directive 2008/98/EC on waste
that regulates the management of waste through ways of frameworks and guidelines.
The directive on waste is the main EU-set directive that guides the waste management
in EU member states. The aforementioned directive is closely followed in Finland in the
form of national legislature. To guide the management of waste in Finland, the Finnish
government has set laws and decrees, mainly the Waste Act 646/2011, Government
decree on waste 179/2012 and the Government decree on landfills 331/2013 which, for
example, limits the amount of biodegradable or organic matter dumbing in landfills at
10%. The decree on landfills is aimed especially towards waste articles other than
biowaste that contain 10% or more of organic matter, such as wood derivatives.
Biowaste is naturally included in the definition of waste that contains too much organic
matter. The most recent addition to the regulation set by the EU is the circular economy
package that for example sets the goal for municipal waste recycling at 65% (European
Commission 2015a). The main sections in both the EU directive on waste and the
Finnish legislation regarding this thesis are presented in this chapter.
A good example about the way Finnish law is governed by the EU is the Finnish Waste
Act § 1 that defines “The purpose of this Act is to prevent the hazard and harm to
human health and the environment posed by waste and waste management, to reduce
the amount and harmfulness of waste, to promote the sustainable use of natural
resources, to ensure functioning waste management, and to prevent littering” (Ministry
of the Environment 2011). Article 1 from the 2008/98/EC on waste is nearly identical in
describing the subject matter of the directive to the Waste Act.
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In broa'der terms, waste management as a whole is guided by the EU directive
2008/98/EC on waste and the frameworks built around it. In the Finnish Waste Act § 8
it is said that all activities must comply with the order of priority as stated in the EU
waste management hierarchy. The hierarchy, see Figure 1, consists of five steps in a
descending order of priority: prevention, preparing for reuse, recycling, recovery and
disposal (European Commission 2015b). In short, the definitions for the steps is first to
limit the amount of waste generated, secondly to take actions to process waste materials
so that they can be reused, thirdly to use parts or materials from waste to make new
products, to recover energy from waste and finally to dispose of waste in a landfill. The
hierarchy and the steps in it are to be applied to national waste management plans with
priority in waste prevention and the following steps in descending order (European
Union 2008).

Figure 1.Order of Priority for waste or waste management hierarchy (Modified from
European Commission 2015b)

The government degree on waste § 14 states that all industrial and commercial actors
and waste holders as well as municipalities are liable for organizing the separate
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collection and recycling of paper, cardboard, glass, metal, plastics and biowaste. The
responsibility for manufacturers to organize collection and recycling for used packaging
materials is also stated in the same article and in the directive 2008/98/EC on waste
article 8. In similar fashion, in § 46 of the Waste Act the responsibility for arranging
waste management for used products is on the producer. The role of manufacturer
responsibility and EPR, or Extended Producer Responsibility is explained in sufficient
detail later in this chapter 2.4. (Government decree 179/2012)
The § 15 of the Waste Act states that waste articles that are generally different in quality
– i.e. paper from cardboard – must be collected separately to ensure that no harm is
posed to health or the environment, that the order of priority is followed and that the
management of the waste can be effectively facilitated (646/2011). In practice this is
done by using separate collection bins for different wastes.
Sections 32 and 33 state that municipalities are responsible for the waste management
of municipal solid waste produced by accommodations, social, health and school
services, services subject to public law, municipal waste from businesses similar to
previously defined and other municipal waste collected with, for example, pipe systems
as well as the adequate waste handling capabilities (646/2011). The responsibilities of
the municipality in regards to waste management as well as the tools utilized will be
presented more thoroughly when going through the waste management situation in
Oulu.
End-of-waste as defined in the Directive 2008/98/EC on waste article 6 is when a
specified waste undergoes treatment to such an extent that it ceases to be waste. The
treatment has to produce materials and/or products that can be used for a specific
purpose, has a market, fills the technical requirements to be used as a substitute product
and does not adversely affect the environment or human health. The above is also stated
in the Waste Act § 5 in generally the same way (646/2011).
The organizing of waste transportation is required by the Waste Act either by the
municipality, the property owners or as a combination of the two. Waste transportation
is required to be extensive, reliable and available for everyone. (646/2011). The ratio of
waste collection in 2013 was circa 50-50 between municipality and property owner
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tendered schemes (Finnish Solid Waste Association 2016a). The same can be seen from
Figure 2.

Figure 2. Waste transportation schemes in Finland (Finnish Solid Waste Association
2016a)
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2.3 Goals for national MSW recycling rates
Finland has set its own National Waste Plan, which aims to steer Finland “towards a
recycling society” – as is the headline for the plan itself. The creation of an NWP is
stated in the Waste Act § 87 (646/2011). Key points in the NWP are presented in the
following Table 1. The key parts of the plan from the standpoint of this thesis is making
recycling more efficient as well as enhancing source separation in peoples’ homes.
Measures to increase municipal waste recycling through the revision of the Waste Act
are also taken into account – mainly through municipal waste management provisions.
It is important to note that the current NWP came into effect in 2008 and is only valid
until the end of the year 2016, with the new NWP to be completed by the end of the
same year. The numbers which the analysis of options is based on will be taken from
the current NWP, as it is the latest completed and public document for the Finnish
National Waste Plan. (Ministry of the Environment 2009)
Table 1. National Waste Plan for 2016 key activities (Ministry of the Environment
2009)
Themes

Summary

Improving the materials efficiency of
production and consumption

Material efficiency criteria in standards as well
as government initiatives

Making recycling more efficient

Recycled materials use will be encouraged with
incentives and legislative changes

Decreasing hazardous chemicals in waste

Advising and promoting use of non-hazardous
substances in production

Reducing harmful effects on the climate
from waste management

Actions for landfilling, landfill gas, biogas and
use of non-recyclable waste (NRW) as fuel

Reducing risks to health and the
environment from waste management

Best available technique for waste treatment
plants, harmonic waste management and focus
on municipal waste negative effects

Developing and clarifying the
organization of waste management

Through revision of the Waste Act, the division
of labour will be clarified

Improving waste management know-how

Private and public research and funding focused
on research and development

Managing waste shipments safely

International action to fight illegal waste
shipping
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In the current NWP additional goals for municipal solid waste are set to stabilize the
amount produced to the level it was in the year 2000 and to reduce it from 2016
onwards. Additionally, the goal is to recycle 50% of produced MSW, use 30% of it as
energy and at maximum 20% should end up in landfills. The 50% recycling target is
also stated in the Government decree on waste (179/2012). These goals were supposed
to be met with the aid of a revision into waste taxation, waste regulations and strategies
on the municipal level and with the improvement of home sorting and composting.
(Ministry of the Environment 2009)
The Ministry of the Environment published a follow-up report in 2014 about the state of
Finland’s waste management and the status on reaching the goals set in the National
Waste Plan. The report states that the material recycling rate for MSW fluctuated
between 32% and 36% and hasn’t grown between years 2010 and 2011. In the year
2011 the amount of waste recycled as material was 22% and the amount composted or
digested was 13% of total MSW produced, resulting in a combined 35% recycling rate.
This number falls 15% short of the set goal for 2016 and with the trends visible; the
report concludes that the target of 50% recycling will not be met if no substantial action
is taken. In all of the values above, incineration is not taken into account. In 2011, MSW
incineration was at 25% of total MSW collected. The amount of biowaste collected
separately has almost doubled during the decade and nearly all of it was recycled as
material. (Häkkinen et al. 2014)
Municipal solid waste recycling rates in the Oulu region in the year 2014 were 59% to
energy, 40% to material recycling and 1% to landfill, based on the data from OWM and
other sources where data is available (Virtanen 2016). Based on the study by Virtanen,
Oulu Waste Management is closer to meeting the goals in the National Waste Plan than
the national average. It is important to note that accurately estimating municipal waste
recycling rates is extremely difficult due to statistical differences – or lack thereof - and
the fact that different waste articles commonly go through private waste companies.

2.4 Extended Producer Responsibility in Finland
Municipal waste consists of a large amount of different waste streams, as can be seen
from Appendix 1 and many of the waste articles fall under Extended Producer
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Responsibility (EPR). This means that the producer is responsible for the waste
management of sold products, with producer meaning a person who professionally
manufactures, develops, processes, sells or imports products. The use of EPR schemes
encourages the design of the products and/or their packaging to be made with
environmental aspects such as reusability and ease of disassembly in mind. (Directive
2008/98/EC)
EPR in Finland is controlled by the Waste Act where the producer of waste is
responsible for organizing sufficient waste management for the products it introduces to
the Finnish market. The producer is also responsible for the costs of said waste
management procedures. The producer is also responsible for some amount of similar
waste produced despite of the time of introduction to the market and in comparison to
the producer’s market share. Producer responsibility applies to producers of tyres for
motorized and other types of vehicles, cars, vans and comparable vehicles, electric and
electronic devices, batteries and accumulators, most kinds of paper and packaging.
(646/2011)
Producers are obligated to inform consumers of reception points for discarded products
as well as what products they accept. The producer is responsible for the collection and
transportation of discarded products in a way that the products are not broken or
damaged and that more easily re-usable products are kept separate if financially
reasonable. In addition to the producer, the distributors of some products have to
organize the collection of used products such as batteries, small electric appliances and
tyres with some exceptions. (646/2011)
Producer corporations are a key part of EPR in Finland. Producers under EPR
obligations generally join a producer corporation that handles the responsibilities of
managing used and discarded products. In short, a producer can outsource its waste
management to these corporations which in turn accepts the responsibilities stated in the
Finnish law. (646/2011)
The largest advance in regards to producer responsibility in Finland recently is the
addition of packaging waste under producer responsibility with the Government decree
518/2014 on packaging and packaging waste in 2014. This means that managing glass,
metal, cardboard and plastic packaging after its use is the responsibility of the producer
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from 1.1.2016 forwards (Government decree 518/2014). The producer organisation
RINKI Oy has established a nationwide network for collecting packaging waste that
should be completed by the end of July 2016 (RINKI 2016). The Circular Economy
Package aims to encourage producers to design and manufacture easier-to-recycle
products and packaging through revisions to the provisions on EPR, which should
increase recycling rates and enable higher quality recyclables (European Commission
2015c).
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3 MSW MANAGEMENT IN THE OULU REGION
The current situation in the Oulu region in regards to municipal solid waste
management is important to understand as it is the baseline on which the improvements
will be made on. The most important factors are the waste articles collected and the
methods by which the collection is accomplished, which in turn have variances between
some municipalities in the Oulu Waste Management area of operations. The
composition of mixed waste is imperative to know in order to plan the actions to be
taken to increase recycling and to map the effects gained by said actions.

3.1 Municipal waste management provisions
Municipalities are allowed to issue provisions necessary to implementing the Waste Act
due to local circumstances and to ensure that waste is managed in a way as stated in the
Waste Act (646/2011). These provisions in turn can include regulations to the variety of
different waste fractions to be collected from a property.
The municipal waste management provisions are prepared by the municipality’s waste
management authority in cooperation with officials from necessary services. If the
provisions affect the livelihood or living conditions of any inhabitant or company,
necessary time must be allocated for commenting and revision of the project. The
municipal waste management provisions are sent to the responsible ELY Centre (Centre
for Economic Development, Transport and the Environment) for a statement and after
public commenting, the ELY Centre must be notified of the new provisions.
Summarized, the municipality – or municipalities – have the responsibility for
generating and implementing the provisions they deem necessary in order to fulfil the
requirements set in the Waste Act. (Luukkonen et al. 2014)
For example in Oulu, mixed waste is collected from all properties but in addition from
properties with more than four apartments also biowaste, cardboard, glass, metal and
paper is collected separately (Oulu 2013). The amounts of different household types in
Oulu and Finland can be seen from Appendix 2. It is safe to assume that all properties
other than detached houses have 4 or more apartments.
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The current municipal waste management provisions for Oulu were accepted 3rd of
December 2013 and thus the goals set in the NWP for 2016 are taken into account –
mainly the 50% goal for recycling rate for MSW and the guideline to follow the order of
priority (Oulu 2013). The responsibilities for waste management in Oulu are divided
between the Urban Environmental Committee of Oulu to publish the waste management
provisions, Oulu Regional Environmental Office Public Utility to enforce the provisions
- to be the waste management authority - and Oulu Waste Management to manage the
practicalities (Oulu 2013). The responsibility for arranging waste management for
properties is on the owner of the property and/or of the waste (Oulu 2013).
Municipal waste that is not collected at properties, such as hazardous waste or waste
that is too large in size or quantity is to be delivered to Rusko waste center or to some
other comparable receiving or treatment facility. The waste owner is responsible for the
transportation of said waste. (Oulu 2013)
The main theme from the municipal waste management provisions in regards to this
thesis are the regulations set to guide the source separation of waste from individual
properties. In practice the limit of four apartments and higher means that apart from
separate and duplex houses all inhabitants of Oulu have access to separate bins for all of
the main source separated wastes (Oulu 2013). Paper is collected free of charge as per
the Waste Act § 49 with the exception of areas solely for one-family houses and
scattered settlements (646/2011).
The types of containers to be used for collecting waste are defined in the municipal
waste management provisions to include hand-movable bins with tyres, deep collection
systems and other types of containers are suitable for waste i.e. containers with lids that
are compatible with current waste truck systems. (Oulu 2013)

3.2 Oulu Waste Management Ltd
Oulu Waste Management is owned by the city of Oulu and is responsible for providing
waste management services for the municipalities in its operational area as required in
the Waste Act 646/2011 (Oulun Jätehuolto Oy 2016c). The area of operations for Oulu
Waste Management Ltd. consists of 11 full member municipalities as presented in
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Figure 3 with circa 300 000 inhabitants in total. The municipality Raahe takes care of its
own collection of recyclables and hazardous waste in addition to waste counselling and
OWM handles municipal solid waste management. Oulu Waste Management is
responsible for providing “waste treatment, guidance and information services to
consumers and companies in its area of operations as well as promoting waste
prevention and recycling. Oulu Waste Management also offers landfilling services in its
waste center in Rusko in addition to being responsible for the collection of recyclable
and hazardous waste”. Services provided in Rusko also include biowaste digestion,
construction and bulky waste reception, treatment of contaminated soil and treatment of
liquid wastes (Oulun Jätehuolto Oy 2016f). Waste counselling is required to be
provided as per § 93 of the Waste act (646/2011). (Oulun Jätehuolto Oy 2016a)

Figure 3. Oulu Waste Management area of operations (Oulun Jätehuolto Oy 2015)
The management of waste under EPR is organized by the producer organization
responsible for said waste. As such, Oulu Waste Management Ltd. does not have any
influence over the collection of waste under EPR other than offering centralized
collection of common household waste materials in the Rusko Waste Center (Oulun
Jätehuolto Oy 2016d). The collection of cardboard, paper, metal, glass and now plastic
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packaging in the formerly OWM owned bring points is now managed by the producer
organisation for packaging waste, RINKI Ltd (Oulun Jätehuolto Oy 2016e). There are
78 bring points operated in the OWM area of operations by RINKI, situated generally in
easily accessible locations (RINKI 2016). In the year 2015, the recycling rate for waste
under OWM’s jurisdiction was 17% and the goal is to increase it to 20% by the year
2020 and to 35% by the year 2030. The remaining waste was directed towards
incineration at a rate of 78% and the rest 5% to landfill. (Oulun Jätehuolto Oy 2016g)
An important thing to note is that the municipalities of Simo, Ii, Pudasjärvi, Utajärvi,
Siikajoki and Raahe utilize their own waste management provisions. This also means
that the six municipalities mentioned above have their own waste management
authorities. These have differences compared to the provisions in Oulu mainly in
regards to waste articles collected from households as well as the minimum amount of
apartments required for enabling separate collection. Differences in more detail can be
seen in Table 2 below. When no separate collection criteria are set for a waste article,
the inhabitants are required to deliver produced waste to bring points or other waste
collection locations. (Simo 2010; Pudasjärvi 2010; Utajärvi 2014; Siikajoki 2010;
Raahe 2007)
Table 2. Amount of apartments or the amount of waste produced required for separate
collection per waste article
Municipality
Oulu
Simo
Ii
Pudasjärvi
Utajärvi
Siikajoki
Raahe
Helsinki

Mixed
Waste
All
properties
All
properties
All
properties
All
properties
All
properties
All
properties
All
properties
All
properties

Biowaste
Over 4 apartments
No separate collection
No separate collection
No separate collection
Over 4 apts.
(recommendation)
Over 20 apartments
Over 10 apartments
Over 10 apartments

Cardboard
Over 4
apartments
No separate
collection
Over 20kg per
week
Over 10kg per
week
Over 20kg per
week
Over 20
apartments
Over 20
apartments
Over 10
apartments

Glass

Metal

Over 4
Over 4
apartments
apartments
No separate
No separate
collection
collection
Over 200kg per Over 200kg per
year
year
Over 20kg per Over 10kg per
week
week
Over 20kg per Over 200kg per
week
year
Over 20
Over 20
apartments
apartments
Over 20
Over 20
apartments
apartments
Over 20
Over 20
apartments
apartments
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As per the stricter provisions, the collected waste articles in Oulu from properties with
more than four apartments per property are mixed waste, paper, cardboard, metal, glass
and biowaste and generally only mixed waste from properties with less than four
apartments (Oulu 2013). The collection is organized with easy-to-move bins for other
waste articles than mixed waste, which generally has a larger container, as can be seen
from Figure 4. The suitable types of waste collection equipment have been separately
listed in the Oulu municipal waste management provisions.

Figure 4. Typical waste collection point from an apartment complex with circa 70
apartments. Picture taken in Oulu in 2016.

There is no exact data available about how much each municipality produces MSW, but
the value can be estimated by using the total received MSW in 2015, dividing it with the
amount of inhabitants living in the area of operations and then multiplying the number
with the amount of people living in a certain municipality. The estimated amounts of
waste produced per municipality in tonnes as well as the number of inhabitants can be
seen in Table 3. The amount of MSW received by Oulu Waste Management in the year
2015 was circa 115 thousand tonnes and the number of inhabitants was 299 140 (Oulun
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Jätehuolto Oy 2016b). By far the biggest producer of MSW is the city of Oulu with
76 341 tonnes.
Table 3. Municipal solid waste produced by each municipality in the Oulu Waste
Management area of operation
Municipality
Hailuoto
Ii
Kempele
Liminka
Lumijoki
Muhos
Oulu
Pudasjärvi
Raahe
Siikajoki
Simo
Tyrnävä
Utajärvi
Total

Inhabitants
993
9659
17065
9937
2070
9062
198570
8258
25165
5471
3237
6790
2863
299140

Waste tot., tonnes
382
3713
6561
3820
796
3484
76341
3175
9675
2103
1244
2610
1101
115006

In Finland source separation of municipal waste comes down to the differences in
municipal waste management provisions. For example if we compare the provisions for
the minimum amount of households per property from which other than mixed waste is
collected in Oulu and Helsinki, the amount for Oulu is four when in Helsinki the
amount is 10 for biowaste, paper and cardboard and 20 for glass and metal. (Oulu 2013;
HSY 2015)

3.3 Waste composition of mixed waste in Finland and Oulu
The average composition of municipal solid waste has been mapped by the Finnish
Solid Waste Association using multiple studies conducted by waste management
companies from the beginning of the 21st century. The composition of MSW is divided
into 11 waste articles and the mass fractions for each article can be seen from Figure 5.
(Finnish Solid Waste Association 2016b) The waste composition in Oulu can be seen
from Figure 6. The waste composition data in Oulu is comparable to the one gathered
by the Finnish Solid Waste Association.
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10. Hazardous
chemicals; 0,5 %
9. Electric waste
and batteries; 0,6
%

11. Other waste;
14,7 %
8. Textiles;
5,8 %

1. Biowaste; 35,9
%

7. Metall; 3,0 %
6. Glass; 2,4 %

5. Plastic; 19,0 %
2. Paper;
6,7 %
3. Cardboard;
9,9 %
4. Wood; 1,6 %

Figure 5. Mixed waste average composition in Finland (Finnish Solid Waste
Association 2016).

9. Electric waste
and batteries; 0,7
%
8. Textiles; 5,6 %
7. Metall; 1,9 %

10. Hazardous
chemicals; 0,1 %
11. Other
waste; 9,3
%

6. Glass; 1,5 %
1. Biowaste; 26,6
%

2. Paper; 11,9 %

5. Plastic; 31,4 %

3. Cardboard;
8,5 %
4. Wood; 2,5 %

Figure 6. Mixed waste average composition in Oulu (Kauppila 2016)
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As we can see, the compositions differ slightly; mainly the difference is in the ratio of
biowaste, paper and plastics. Research about why the amount of biowaste is
significantly lower and the amount of plastic if significantly higher in Oulu compared to
the national averages has not been conducted, although the Bachelor’s thesis by
Kauppila states that the lesser amount of biowaste in Oulu is possibly due to the fact of
stricter municipal waste management provision in comparison to other parts of Finland
(Kauppila 2016). For example in Helsinki, the limit for biowaste separate collection is
required for properties with 10 or more households (HSY 2015).
The amounts of different accommodations vary significantly inside Finland. For
example in Oulu, the percentage of people living in detached houses is 45% whereas in
Helsinki the same number is just 11.1%, as can be seen from Appendix 2. It can be
argued that the amount of different kinds of accommodations have an effect on the
recycling efficiency of municipal solid waste in an area.
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4 SOURCE SEPARATION OF MSW
Source separation and separate collection of waste is by definition (646/2011) the act of
collecting different waste articles and keeping them separate by type and nature on the
account of facilitating reuse, recycling, recovery or easier processing. Source separation
for households is most generally done with a bin or container for each collected waste
article and/or a co-mingled bin for certain articles (BiPro/CRI 2015, p. 13). The door-todoor system with separate or co-mingled bins can be enhanced with bring points and
household waste recycling points (BiPro/CRI 2015, p. 13) much like the recycling
points located throughout Oulu (RINKI 2016) and the Oivapiste household waste
recycling service in the Rusko waste center (Oulun Jätehuolto Oy 2016d).
Research done by Tanskanen (2000) in Finland, by Massarutto et al. (2011) and
Consonni et al. (2011) in Italy as well as BiPRO consulting company with the
Copenhagen Resource Institute (CRI) (2005) for the European Commission about MSW
recycling and source separation come to the conclusion that a well-planned and
executed source separation will increase the recycling rate of MSW substantially and is
a prerequisite for high-quality recycled materials. The separation of different waste
articles is required if it is economically, technically and environmentally viable also in
the Waste Directive 2008/98/EC article 10 and as stated in the Finnish Waste Act
646/2011 15 §.

4.1 Source separation schemes and precedents
As briefly mentioned before, the most common methods for separate collection of waste
articles are door-to-door collecting with separate or co-mingled bins, bring points and
household waste recycling points. The two latter function as complimentary methods for
municipal solid waste separate collection in most cases, but are also used as the main
separate collection scheme in cities like Bratislava and Prague. (BiPRO/CRI 2015)
Based on the research by BiPRO and the Copenhagen Resource Institute, the most
successful collection scheme is door-to-door collection with separate bins for different
waste articles. The average amounts waste collected are 29 kg/person for paper and
cardboard, 6 kg/person for glass, 9 kg/person for plastic, 1 kg/person for metal and 20
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kg/person. The previous can be seen in Figure 7 (BiPRO/CRI 2015). In the
aforementioned figure the y-axis represents the amount of total waste in kg per person is
produced annually, the x-axis is the studied cities and the bars contain the distribution of
waste collection schemes and the collected amounts of waste by each scheme
(BiPRO/CRI 2015).

Figure 7. Collected waste amounts for each collection scheme in the 28 EU member
states (BiPRO/CRI 2015)

Door-to-door co-mingled collection is the least common method for collecting waste in
the 28 EU member states but where it is used the waste amounts collected are slightly
lower when compared to separate collection (BiPRO/CRI 2015). The aforementioned
data and the waste collection amounts for bring points and household waste recycling
centers can be seen from Table 4.
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Table 4. Average amounts of waste collected with different collection methods in the 28
member states (BiPRO/CRI 2015)
Amount of waste collected
kg/person/year

Paper/Cardboard

Glass

Plastic

Metal

Biowaste

Door-to-door separate

39

6

9

1

20

Door-to-door co-mingled

30

5

6

3

Bring points

12

12

7

2

19

Household waste recycling center

3

2

1

2

6

A good example of a well-planned and executed door-to-door separate collection is the
collection of household organic waste in Milan. The step-by-step implementation and
proper communication about the initiative to the inhabitants enabled an over 48 %
recycling rate in 2014 for all waste collected (Regions for Recycling 2014), which is
well over the measured 19 % from the EU member state capitals (BiPRO/CRI 2015).
Door-to-door separate collection is the system applied wholly in the Oulu region in
accordance to municipal waste management provisions with pilot trials for small scale
bring points aimed at 10 to 20 detached house blocks (Oulun Jätehuolto Oy 2014).
Other studies in favour of door-to-door are for example a study conducted in Sweden
where the amount of waste diverted from incineration was 33% with the door-to-door
collection of metal, glass, paper, cardboard, plastic packaging and food waste in its
current state and an approximated ratio of 80% with ideal consumer source separation
(Bernstad et al. 2011). In Finland, the city of Jyväskylä has stated in their municipal
waste management provisions that all households must collect biowaste separately in
order to increase biowaste collection amounts (Jyväskylä 2016). The collection of
biowaste from households also increases the recycling of other materials (Dahlén et al.
2006).
The funding for waste collection can come from the consumers and/or the municipality
or state (BiPRO/CRI 2015). The situation in Finland is that some municipalities have
invited waste hauling companies to tender for all of the municipal waste produced in the
municipality and in other municipalities the owner of the property - and the waste - is
responsible for making a contract for waste collecting services. The latter is the case in
Oulu. (Finnish Solid Waste Association 2016a) In the 28 EU member state capitals the
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most common funding scheme for waste collection was the use of flat rates and some
form of municipal taxation (BiPRO/CRI 2015). The pay-as-you-throw (PAYT) schemes
are based on the amount of waste produced, be it the amount of collections, the weight
of the waste or the amount of bags collected (BiPRO/CRI 2015; Rogoff 2014, p. 177).
According to the same report, the use of PAYT systems enable the highest amount of
source separated waste articles as per the increased costs if separation is neglected
(BiPRO/CRI 2015).
The research by BiPRO/CRI targeted all of the 28 EU capitals and as said in the text,
there are many differences in waste collection between and within countries
(BiPRO/CRI 2015), but the results of this report can be used as a reference point when
comparing Oulu to Helsinki and Oulu to the EU-levels. For the purpose of this work the
focus will be on door-to-door separate collection schemes with complimentary bring
point and household waste recycling service schemes for waste articles not collected
door-to-door, such as hazardous waste or waste that is bulky.
In Finland, the municipal waste management company Rosk’n Roll offers a multicompartment bin for its customers in which one bin has containers for mixed waste,
cardboard packaging, glass and metal. Rosk’n Roll also is planning to start an
automated household waste recycling service point, which enables longer operation
hours with reduced costs. (Paavilainen 2016)

4.2 Source separation attitudes
Multiple studies, that are presented and referenced in this chapter, have been conducted
in order to find out the reasons why people do or do not recycle. The studies have
mainly targeted certain small areas of interest as gathering statistical data from people is
considered to be expensive and time consuming. The recycling attitudes of people in an
area combined with an accessible and easy-to-use collection method can enable the
highest possible recovery rate of materials (Gallardo et al. 2010; Bernstad 2014).
Means of increasing public participation in household waste recycling activities studied
are the use of incentives (Shaw & Maynard 2008), information campaigns (Timlett &
Williams 2008; Bernstad 2014) and technical solutions for easy-to-use recycling
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(Bernstad 2014). The importance of researching the recycling behaviour of people is
significant because the success or failure of recycling comes down to the participation
of the population (Gallardo et al. 2010).
The biggest factor for influencing the attitudes towards recycling is the ease of use of
waste disposal and collection (Bernstad et al. 2012; Shaw & Maynard 2008). A good
example on how to increase food waste separation was the introduction of an easy
method of keeping biowaste separate from mixed waste with the help of simple
equipment installed in the kitchens for the study group. The collected food waste had
increased almost by 50% after making separation easier for the consumer (Bernstad
2014). Proper space or lack thereof for storage of waste has been in some cases the
biggest issue for reduced recycling participation (Purcell & Magette 2010). For the best
quality of recovered materials it is important to keep different waste fractions separate
to avoid contamination and mixing of waste, making recovery harder (Gallardo et al.
2010).
Incentive based, positive or negative, campaigns have showed mixed effects in
increasing recycling participation, but always with high costs. In a study conducted by
Shaw & Maynard (2008), the attitudes towards rewarding good recycling activities and
punishing people who did not participate in recycling were very much negative. In a
similar study by Timlett & Williams (2008), the use of monetary incentives for good
recycling behaviour, a reduction of almost 52 % on contamination in material streams
was achieved (Timlett & Williams 2008).
Information campaigns have generally showed little to no results in altering the
behaviour of the target group, even when large investments have been made towards a
certain goal (McKenzie-Mohr 2000). For example in the study conducted in Lund, the
amount of food waste collected separately increased only 7–10% when in comparison
an increase of nearly 50% was achieved with a technical solution making separate
collection easier for the consumer (Bernstad 2014). Only with an intensive information
campaign focusing on single subject, in this case recycling, can some effect be achieved
– with high costs (Timlett & Williams 2008).
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4.3 Mixed waste processing facility
Source separation is part of waste collection and a prerequisite for successful material
recovery, inter alia. Material Recovery Facilities, Mixed Waste Processing Facilities
and Mechanical Biological Treatment facilities - or MRFs, MWPFs and MBTs - are
methods to sort recyclable materials from different kinds of waste streams (Cimpan et
al. 2015). These streams can consist of source separated recyclable materials such as
glass, metal or paper as separate waste articles or as co-mingled streams (GBB 2015, p.
5-9). The main goal for an MRF of any kind is to produce the maximum amount of
quality recovered materials with the best possible efficiency (Kessler Consulting Inc.
2009). Sorting facilities have been utilized generally for extracting the valuable
materials from comingled or single waste streams, but with new technologies and
experiences the use of MRFs - or moreover, MWPFs - as methods of gathering
resources from the mixed waste stream is emerging (GBB 2015, p. 33 and 39; Cimpan
et al. 2015). One example of a mixed waste processing facility complex is the Circular
Economy Village currently under construction by Ekokem in Riihimäki, Finland
(Ekokem 2016) with similar facilities in operation in the USA and the EU (GBB 2015,
p. 47; Cimpan et al. 2015).
Typical processing steps and equipment for MRFs and MWPFs are pre-sorting, bag
opening, different trommels and screens, air classifiers, separators, magnets, eddycurrents separators, optical sorters and in older facilities, manual sorting. An example
process flow diagram of a modern MWPF can be seen in Figure 8. (GBB 2015, p. 1932; Rogoff 2014, p. 60-70)
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Figure 8. MWPF process flow diagram (Holkeboer 2014)
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The most challenging waste stream to treat is mixed waste due to its high level of
contamination - mainly by biowaste - and varying consistency (GBB 2015, p. 50;
Kessler Consulting Inc. 2009). The separate collection of wet and dry waste is one
approach to address this issue in addition to greatly increasing diversion rates (Kessler
Consulting Inc. 2009). Previously MWPFs have suffered from low material recovery
rates due to technological challenges in separation methods and material contamination
(Rogoff 2014, p. 74; GBB 2015, p. 33), but recent studies have showed promise for
high recovery rates for all materials, as well as possibilities for new applications in more
areas (GBB 2015, p. 39-40; Cimpan et al. 2015). The report by Gershman, Brickner &
Bratton, Inc. (GBB) for the American Chemistry Council suggests recovery rates for
MWPFs with modern technology up to 90% for most materials (GBB 2015, p. 40)
which combined with a Waste-To-Energy-plant can possibly enable mixed waste
utilization at 98% efficiency (Ekokem 2016). Other studies have shown material
recovery rates between 25 and 75% for MWPFs (Kessler Consulting Inc. 2009) As a
complimentary method for source separation the processing of mixed waste can amount
to 7% of all recovered materials, as was the case in Barcelona, which added up to a total
of 200 000 tonnes of recovered materials (Cimpan et al. 2015).
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5 EVALUATION OF ALTERNATIVES FOR INCREASING
MSW RECYCLING RATES
As the amount of municipal solid waste currently recovered in the Oulu Waste
Management Ltd. area of operations is estimated to be around 40%, there is a need for
improving the strategies, methods and/or the public opinion on waste recycling. The
need for a cost-effective solution of increasing municipal solid waste recycling rates is
real to meet the recovery requirements to be set in and influenced by the Circular
Economy Package, the new National Waste Plan and OWM itself. The alternatives
under evaluation are presented below and the assessment of each option is based on
three aspects: investment and running costs, setup time and effectiveness.
The research is focused on three distinct options for increasing recycling rates:
-

Alternative 1: Decentralized solutions - Increasing source separation efficiency
with information and/or technical solutions, Figure 9

-

Alternative 2: Centralized solution - Implementing an MWPF, Figure 10

-

Alternative 3: Hybrid solution

Figure 9. Decentralized solutions

Figure 10. Centralized solution
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The use of information and education campaigns has proven to be of little effect in
increasing public participation on recycling but is certainly a good way of spreading
knowledge. One way of “forcing” the consumers to separate the waste they produce is
the introduction of regulations through municipal waste management provisions, like in
the case of the city of Jyväskylä and their scheme of collecting biowaste separately.
Increasing the amount of biowaste collected would also enhance the effectiveness of a
mixed waste processing facility, as the separation and reuse potential is increased when
the wet waste stream is removed. Ideally, the collected mixed waste would be 100 %
dry and void of contaminants such as biowaste. The wet nature of biowaste will
significantly decrease the quality of other separated materials and thus increase the
amount of waste sent to incineration rather than reuse.

5.1 Solutions for increasing MSW recycling rates
The goal of Oulu Waste Management is to reach a recycling rate of 20% by the year
2020 for waste under its jurisdiction (MSW) and a rate of 35% by the year 2030 from
the current 17% of recovered materials. The baseline situation in Oulu is that the
estimated amount of waste collected for reuse is 40%, which is below the required 50%
stated in the national waste plan by 2016. OWM aims to help increase this number by
promoting source separation activities by the consumers in its area of operations.
Recoverable municipal solid waste from consumers is collected through a bring point
system that is complemented by household waste recycling points - situated in most of
the member municipalities and mainly in the Rusko waste center - in addition to the
waste collected from properties with 4 or more households.
The municipal waste management provisions also include a point on the possibility of
collecting plastic packaging waste directly from properties. Collection is implemented
at the moment to include the collection of glass, metal and cardboard packaging, but the
possibility of including the collection of plastic packages to separate collection could
reduce the amount present in the mixed waste stream. In his seminar lecture on the 18th
of May 2016, the CEO of RINKI, Mr. Juha-Heikki Tanskanen was critical towards
plastic packaging waste separate collection due to drastically increased collection costs
and high environmental impact (Tanskanen 2016a). In a later interview he emphasized
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the reluctance of producer organizations towards collecting waste materials from the
source due to the high investment involved (Tanskanen 2016b).
An important thing to note here is the state of municipal solid waste collection in Oulu.
The property owner tendered waste collection hinders the adaptation of new and
uniform technologies in waste collection as well as it might place people in an unfair
situation where waste collection fees are higher in some areas due to sparse habitation.
As stated by the Finnish Solid Waste Association and concurred by Mr. Heinonen from
OWM, the use of municipality tendered waste collection is a growing trend and will
most likely replace all other collection tendering schemes in Finland (Finnish Solid
Waste Association 2016c; Heinonen 2016)
There are three potential alternatives for increasing municipal solid waste recycling
percentages that were defined in cooperation with Oulu Waste Management Ltd. The
first alternative is to use decentralized solutions such as public education, enhancing the
ease of use of recycling, establishing small scale bring points for detached houses and
adopting biowaste separate collection for all accommodations in the Oulu region. The
second alternative is to implement a solely technical and centralized solution to increase
mixed waste recycling rate. The third alternative would be to implement parts of both
the aforementioned schemes in order to raise recycling levels, boost the fuel efficiency
of the WTE plant and facilitate a high recycling rate from the MWPF with the reduction
of biowaste in the mixed waste stream in addition to promoting source separation of all
waste.
5.1.1 Alternative 1: Decentralized solutions
The goal of the information and public education campaigns would be to influence the
recycling behaviours of the consumers and to promote the correct use of bring points
with the distribution of information leaflets, TV and radio infomercials and education
events organized for public audiences as well as companies and schools – as has been
done to date in Oulu, by Oulu Waste Management Ltd. (Vesa 2016). Information
campaigns currently are mostly limited to the annual waste guide published by Oulu
Waste Management Ltd. in the spring with the addition of a few infomercials in recent
years. The waste guide provides general information about recycling and tips on how to
recycle in the correct way. The guide also describes the services available in the Rusko
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waste center and the waste that is accepted there. Other information campaigns are rare
and are mostly on a national scale – by a national actor.
Improving the ease of use of recycling for the consumer could enable much higher
participation especially for biowaste collection. The user-friendly solution for separately
collected waste articles could be the distribution of small, indoor-kept waste containers
for the consumers in which to store the waste before emptying the containers into the
collection bins. This solution has proved effective in a pilot trial in Sweden when
promoting household-produced biowaste collection, as mentioned previously (Bernstad
2014). In the case of Oulu the distribution of biowaste bins for households would only
be viable in properties with four or more households due to the municipal waste
management provisions dictating the limits for separate collection of biowaste.
Nearly half of the population in Oulu live in detached houses and in the OWM
operational area that number is already 55%. This means that the 55% are not obliged to
take part in any form of biowaste separate collection and have reduced accessibility compared to people living in row houses or apartment buildings - for other recyclable
waste collection through the existing bring point system. In some cases, the distance
which a consumer has to transport the produced waste may be an issue for the
participation in source separation activities. In order to increase recycling participation
for the majority it is necessary to explore the concept of expanding the separate
collection of recyclable waste for detached houses in the form of small bring points –
shared recycling bins for detached houses, like the pilot in Hiukkavaara which is
endorsed by Heinonen (Heinonen 2016) - as well as the revision of the municipal waste
management provisions to include biowaste collection for all properties. There is a
monetary incentive for detached houses as households can reduce the collection interval
of mixed waste if they source separate.
5.1.2 Alternative 2: Centralized solution
The mixed waste processing facility could in practice separate different waste articles
from the mixed waste stream with a high efficiency and therefore increasing the amount
recoverable waste materials from MSW. The building of a large scale processing
facility with the capacity of at least 140 000 tonnes per year – the capacity of the WTE
facility in Oulu (Oulun Energia 2016) - is a cost intensive solution, but would definitely
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increase the amounts of recovered material from the Oulu region. The role of the mixed
waste processing facility would be to act in cooperation with the WTE plant in Laanila
in order to retrieve non-source separated waste from the mixed waste stream before
incineration.
The revision of the municipal waste management provisions has to be looked into also
in this case, as the efficiency of the MWPF is affected greatly by the amount of
biowaste in the input stream. If biowaste is collected separately and the percentage of it
present in the mixed waste stream is lowered, the process works better and the materials
extracted will be of a higher quality. The quality of the separated material output
streams is an important factor to maximize due to two reasons: the quality of the
materials is directly proportional to the amount of sellable products and inversely
proportional to the amount of waste that needs to be incinerated or landfilled.
5.1.3 Alternative 3: Hybrid solution
One benefit of using multiple methods of increasing recycling is the possibility of stepby-step implementation, where certain improvements to recycling would follow each
other, thus spreading the investment and consumer adaptation over a longer period of
time. An example of a tiered implementation would be to first increase public awareness
with public education campaigns and inform them of the upcoming changes, then to
implement a more profound source separation and collection scheme in the form of
biowaste separate collection and as the last step to implement an MWPF to get the rest
of the recoverable materials from the mixed waste stream.
By combining decentralized and centralized solutions the amount of source separated
materials would increase and the leftover recoverable waste would be separated in the
MWPF, in addition to the reduced biowaste present in the mixed waste stream. The role
of the MWPF would be the same as in the centralized solution - to separate recoverable
materials from the mixed waste input stream.

5.2 Evaluation methods
The evaluation of the solutions for increasing municipal solid waste recycling rates in
the operational area of Oulu Waste Management Ltd. will be based on analysing

41
investment and running costs, implementation time and the effectiveness of each
alternative. The data for the options will come from public sources, reports and
interviews with experts.
Transcriptions of the interviews can be seen in Appendix 3 with introductions of the
interviewees. Most of the interviews were done via Email, with some face-to-face
meetings in addition to one phone interview. The topic of each interview was chosen to
meet the expertise of the person interviewed.
Cost analysis will consist of rough estimates on investment and operating costs for
different solutions. The estimates will be based on material gathered by interviews from
people involved in similar projects, like public education and municipal services
planning. In the case of the mixed waste processing facility, the investment cost will be
based on freely available information in addition the model by Pressley et al. (2015) for
estimating running costs for material recovery facilities. Revenues for selling recovered
materials will not be analysed due to the markets for recycled materials being
practically non-existent.
Investment and lifetime costs will be calculated using the Net Present Value (NPV) –
method. This method is used to calculate the profitability of an investment over its
lifespan by discounting the income and costs to the present moment and comparing
them to the investment. In our case all of the money flows are negative, as we assume
that no revenue will be gained from selling recovered materials and thus the method
gives us an estimate of the investment required over each alternatives lifespan. The
general function for calculating the NPV for an investment can be seen below. All
calculations are done with Excel and its NPV function. (Auvinen 2014)
NPV=∑𝑛𝑡=1 𝑣𝑡𝑖 × 𝑆𝑡 − 𝐼𝑁𝑉
where

NPV is Net Present Value [€]
vit is discount factor
St is costs in the year t [€]
INV is investment [€]
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Implementation times will be based on estimates on how long each option would take to
reach 100% functionality. The time for a solution to reach its peak potential is an
important factor considering that the goals for 50% recycling in the NWP were set to be
met by the year 2016 and higher recommendations will be set in place by the EU and
Finland in the near future. The time required for implementation is also a factor
regarding the cost structure of each potential solution as more time required generally
increases costs. The effectiveness of each alternative will be evaluated by comparing the
theoretical recycling rates enabled by the use of new collection schemes, information
and public education campaigns and a centralized mixed waste processing facility.

5.3 Waste separation efficiency estimates
The maximum theoretical values for each option (excluding incentive campaigns due to
their high variance in methods and success) for the percentages of recovered materials
are presented in Table 5. The values given are for each method on their own and the
combined use of more than one would yield diminished returns, ergo the net benefit
gained is less for each consecutively applied method.
Table 5. Possible amounts of materials recovered in Oulu
MSW SS improvement method

Percentage of materials
recovered from the mixed
waste stream

Recovered tonnes per
year in OWM area

Biowaste separate collection

27 %

30590

Ease of Use campaign

39 %

44275

Information campaign

2%

1955

Bring points for detached houses

50 %

57500

Mixed Waste Processing Facility

80 - 100 %

110 000 - 115 000

It is important to note that the recovered amount of materials with the use of a mixed
waste processing facility includes waste incineration – which is defined as recovery for
waste. Based on the evaluations done by Ekokem, the amount of waste redirected to
incineration is circa 50% of the input waste stream, which translates to a percentage
range of 30 to 50 of recovered materials on top of the current waste incineration in
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Oulu. The variation in the recovered material percentages for the MWPF is generated by
the non-separation or separation of biowaste from the mixed waste at the source. With
the presence of wet waste all fibres (paper and cardboard) are rendered unusable and
require incineration.

5.4 Cost analysis of options
The investment and running costs play a big role in selecting the steps towards a higher
recycling rate. Below are presented the cost evaluations of the decentralized, centralized
and hybrid solutions. The estimated cost increases for the consumer are also presented
in the calculations.
5.4.1 Decentralized solutions
The cost estimates for the detached house bring point system are given for exemplary
unit of 8 detached houses with values for bins and waste collection as well as for a 12
house unit an optimistic and pessimistic estimate is given. The values for the bring
points (bin and collection costs) are taken from a report about waste management
solutions for Hiukkavaara, Oulu (Ramboll 2013). The costs for expanding biowaste
separate collection are estimated by calculating the investment for a single detached
house and for the whole Oulu Waste Management area of operations. The costs for
revising municipal waste management provisions are practically zero due to them taking
up only preparatory time from municipal authorities (Suppanen 2016).
For information and public education campaigns the costs for an individual leafletbased campaign and for a campaign including radio and television commercials are
based on company values. Incentive-based campaign costs move in an extremely wide
area and thus are left out of the calculations. Distribution of indoor waste containers to
promote the ease of use for source separation is also excluded from the cost estimates
due to the scope of the campaign ranging from a single apartment block to practically
all accommodations in the Oulu Waste Management area of operations. A summary of
the evaluated costs, excluding estimates for the mixed waste processing facility, is
presented in Table 6.
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Table 6. Decentralized source separation and waste reduction campaign cost estimates
Used MSW SS improvement
method

Description

Investment

Biowaste separate collection

240l biowaste containers provided for
free for each detached house
(Investment)

2 410 000 €

Altering MWMP in the Oulu
region

No actual needed investment

-

Information campaign
Information campaign
Information campaign

Oulu Waste Management waste guide
(Investment)
Leaflet distribution on the same scale as
the waste guide (Investment)
Large scale public education campaign
with TV and radio commercials

38 000 €
23 000 €
40 000 €

5.4.2 Centralized and hybrid solutions
There is a large spread in the costs estimated for mixed waste processing facilities. The
retrofitting of existing plants will include smaller investments due to the need for only
altering the current plant and purchasing new equipment (Kessler Consulting Inc. 2009).
In our case, the possibility of retrofitting an existing facility or using an already built
construction will not be analysed. As investment amounts are scarce, the Ekokem
facility at Riihimäki is used as the primary reference for the MWPF. Maintenance and
upkeep costs for the Ekokem facility and all other plants are not publicly available and
thus are only based on the approximation models presented in the article by Pressley et
al (2015).
Calculations have been done for two facility capacities based on the approximated
amounts of mixed waste input. For the case of using an MWPF as the only method for
increasing recycling from the mixed waste stream, the capacity of 140 000 tonnes/year
is used and when decentralized tools are used in tandem (the hybrid solutions) with the
MWPF, a capacity of 100 000 tonnes/year is used. The former capacity is the same as is
the capacity of the Waste to Energy plant in Laanila and the latter is the calculated
mixed waste processing capacity after decentralized tools for source separation are
established. Net Present Value is calculated for operating lifes of 15 and 20 years and
with a discount rate of 5%. Mixed waste processing facility cost estimates for different
scenarios are presented in Table 7.
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Table 7. Mixed waste processing facility cost estimates
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The values move between circa 18M€ and 26M€, depending on the complimentary
actions taken to improve source separation of different waste articles. For example, in
combination with biowaste separate collection the NPV for the Mixed Waste Processing
Facility would be around 19M€. The lowest MWPF Net Present Value is below 18M€
when Ease of Use campaigns are also utilized in addition to biowaste separate
collection. On the contrary, the highest MWPF Net Present Value is when no
decentralized methods are utilized. The most important finding from these values is that
with the combination of decentralized methods the operating costs can be significantly
reduced.
5.4.3 Costs for the consumer
Estimated costs for the consumer are presented in Table 8 in which the lifespan for each
presented option is 10 years and the NPV discount rate is 5%. From the consumer point
of view in the case of constructing a mixed waste processing facility, the calculated
increase in costs for mixed waste processing would be between 8 and 13 € per tonne.
The aforementioned value is dependent on the capacity of the facility and municipal
solid waste source separation improvement method implemented. In practice, the
calculated increase in handling costs for example for a detached house (240l bin) and if
the mixed waste bin is collected once a week, is circa 10 € per year.
Table 8. Estimated costs for the consumer in different scenarios
MSW SS
improvement method

Description

Biowaste separate
collection
Biowaste separate
collection

1 week collection
interval
2 week collection
interval

Bring point, 8 houses
Bring point, 12
houses, optimistic
Bring point, 12
houses, pessimistic

Lower amount of
bins, longer collection
intervals
Higher amount of
bins, shorter
collection intervals

Investment
Collection cost
per
per household
household
(€/a)
(€)

NPV per
household (€)

50 €

450 €

3 500 €

50 €

220 €

1 800 €

145 €

430 €

3 500 €

150 €

490 €

3 900 €

175 €

740 €

5 900 €
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An interesting figure here is that the Net Present Value per household is the same for a
weekly collection of biowaste and an eight house bring point. This would go to support
the founding of these bring points for detached houses as a financially cheap option for
increasing source separation for all common collected waste articles. The collection
costs for bring points could be lower than what is presented in Table 8, as collection
could be ordered when the bins are full, thus making the collection intervals potentially
even longer.

5.5 Implementation time estimates
Introducing new aspects to municipal solid waste collection or changing the recycling
behaviour of the consumer in the Oulu region will most certainly be a time consuming
project. The values for implementation times are presented in Table 9 below. The table
includes the main alternatives for increasing MSW recycling rates. It is important to
note that the uncertainty of these estimates is high due to many of these alternatives not
having many precedents. For example the concept of creating an extensive bring point
system for detached houses has never been done and the opposition towards changing
municipal waste management provisions to include biowaste separate collection during
public hearings could increase implementation by years (Suppanen 2016).
Table 9. Implementation time estimates
Alternative

Estimate for pilot trial
(years)

Estimate for
implementation (years)

Information and public education

0

0

Indoor waste container distribution

1-2

3-6

0

3-6

1

2-10

2

6-10

Biowaste separated collection
expansion (MWMP revision)
Bring point system for detached
houses
Mixed waste processing facility

A single alternative on its own may take a long time to have effect on the recycling
behaviour of the consumer or on the amount of recovered materials from municipal
solid waste, but a hybrid of centralized and decentralized solutions could enable a stepby-step implementation of MSW recycling increasing methods. For example, should the
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option of constructing a mixed waste processing facility be chosen, the planning time
could take years and time to reach a fully-operational stage from at least a year and a
half from the investment decision (Puoskari 2016).
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6 RESULTS
Based on the results of this research the most effective option for increasing municipal
solid waste recycling would be the implementation of a mixed waste processing facility
in tandem with biowaste separate collection from all accommodations in the form of
biowaste containers for detached houses or small-scale bring points. This approach
combined with current information and public education campaigns could in practice
enable recycling for 80% of current produced mixed waste in the Oulu region. Summed
up, the estimated costs for enhancing municipal solid waste recycling would be circa 20
M€.
The gained benefit from the option above also is the tiered implementation of each
method. Information campaigns have been and still are used as a method for promoting
the reduction of waste generation and correct source separation activities. The next step
could be the promotion of the small scale bring point system in older neighbourhoods
and later the separate collection of biowaste from the remaining detached houses
through the revision of municipal waste management provisions. If the planning and
execution for the decentralized options and the mixed waste processing facility is started
simultaneously, results can most likely be seen after two to three years and the full
potential at maximum in a decade.
The distribution and promotion for indoor ease of use is also an extremely valid option
for increasing source separation but the planning for its implementation in large scale
would require extensive work. The variance in kitchen designs and the available space
in them would require an extremely flexible container selection and thus increase the
costs involved drastically and would most likely render the gained benefit void.
The costs for the consumer will increase in each scenario. The largest increase in costs
would come from implementing the separate collection of biowaste or bring point
systems for all households in the Oulu Waste Management area of operation. The
increased waste handling costs generated by the mixed waste processing facility for a
single household are low at 10€ per annum.
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7 DISCUSSION
The need for increasing municipal solid waste recycling is real and plausible to achieve,
but choosing the right alternative on how to get to the goal could prove to be the more
challenging task. The repercussions of the chosen alternative also have to be taken into
account, such as the increased need for waste handling capacity and the amount of
greenhouse gas emissions due to possibly rising hauling in addition to the possible
ethical dilemmas arising from pushing a part of the required funding on the consumer as would be the case with the bring points and biowaste separate collection.

7.1 Points of interest
The complete separate collection of biowaste in practice is in fact a prerequisite for
successful and high quality material recovery from the mixed waste processing facility.
In an interview with Mr. David Newman (2016) he justified his opinion on the facts that
the EU in its directive draft for fertilizers state that “…there is no space for mixed waste
being a basis of a product which can be commercialised on the open EU market with
end of waste status.” Additionally he says that prior experiences have shown that when
a mix of dry waste and biowaste is the input stream for a waste processing facility, the
material recovery rate is at maximum 10% with it being mostly metals. On the contrary
the CEO of RINKI Oy Mr. Juha-Heikki Tanskanen (2016b) sees that biowaste separate
collection is financially an unstable solution and conducting a life cycle analysis is
mandatory to find out if the benefits outweigh the negatives. It will be extremely
interesting to see what results we see from the Ekokem mixed waste processing facility
– where the input stream contains approximately 37% of biowaste - as preliminary runs
have been running when this thesis is written.
The output and input materials to and from a mixed waste processing facility and more
exactly, the applications for the output materials are still a large question. The recovered
metals are easy to recycle into new products, but should the input material contain
biowaste, mainly all of the leftover needs to be burned. If biowaste is separated in the
facility, the possibility of plastic recovery is real, but still most of the treated waste has
to be incinerated. In an interview with Mr. Illikainen, Mr. Heinonen and Mr.
Kangasniemi from Oulu Waste Management Ltd (2016) regarding the fuel value of the
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waste incinerated, stated that problems might arise in the WtE-plant in Oulu due to too
good fuel if some form of wet material is not present in the input. This has been the case
when most of the incinerated waste originated from the Rusko Waste Center, where the
composition of the to-be incinerated waste is mainly wood derivatives and plastics.
The relatively large amount of plastic present in mixed waste in Oulu also raises the
idea of plastic packaging separate collection from households. Should plastic packaging
collection be introduced to properties with more than four households in Oulu, a
theoretical source separation of 82% for more than 50% of the waste producing
population could be achieved. This is good subject for future studies as plastic
packaging was placed under producer responsibility at the start of the year 2016 and not
even the bring point collection system is fully functional at this date. Also the financial
and environmental aspects have to be taken into account when considering expanding
the variety of separately collected waste articles.
The Net Present Value for an eight house bring point system is the same as the Net
Present Value for separate weekly collection of biowaste each for a single house, at
3500€. With the optimization of the amount of needed bins and the collection intervals
in a bring point, the yearly costs for a single household can be lowered. The municipal
waste management provisions enable a once a month collection of biowaste in the
winter and a biweekly collection during summer, which in turn may reduce the costs for
biowaste separate collection. This finding does go to say that a well optimized bring
point could be a cheaper option for increasing source separation for detached houses not
only for biowaste and from the consumers point of view. The practical implementation
of these bring points to older neighbourhoods with no allocated space for bring points
will be an extremely hard task due to lack of space and the general opposition of having
a rather large waste collection point next to your front yard.

7.2 Subjects for further research
This thesis provides a starting point for a plethora of further research into the
possibilities of increasing municipal solid waste recycling rates and the effects caused
by altering waste management practices in a drastic way. Suggestions for future
research can be seen summarized in Table 10 at the end of this chapter. The subject of
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improving recycling rates through different solutions is complex to start with. The
repercussions of each applied solution affect practically all levels of waste management
from the producer of waste to the end-of-pipe waste handler and thus it is very
important to have a clear understanding of all of the aspects being affected by the
changes.
If the path of municipal waste management provision alteration is chosen, how can we
create a collection system and the rules to support it that is fair for all of the consumers
in the Oulu Waste Management area as well as the waste hauling entrepreneurs? The
percentage of people living in detached houses in the operational area of Oulu Waste
Management was 56.5% in the year 2014, as can be seen from Appendix 2. In an
interview with the operations manager of OWM, Markku Heinonen sees that the current
state of municipal solid waste collection scheme in Oulu - property owner tendered –
may cause issues in increasing source separation participation for people living in
detached houses. This is due to high collection costs from certain, sparsely habituated
areas with long collection distances and the fact that the collection equipment may vary
from company to company thus causing higher costs when necessary vehicles are rare.
In addition, Heinonen sees that should the waste collection system be tendered by the
municipality, it would enable impartial waste collection for people living in thinlydeveloped areas such as Simo and Pudasjärvi. The separate collection of biowaste on
the same width as mixed waste collection would be a viable and money-saving option
for companies and consumers alike if the waste collection scheme would be different
from what it is now, in Heinonen’s opinion. One solution that would be fair for the
citizens is to force the waste hauling companies to use multi-bin trucks to collect mixed
waste and biowaste simultaneously, but that in turn would place unfair financial
pressure on the companies. On the contrary, collection of biowaste with separate trucks
would most likely increase the costs for the consumer and increase CO2 emissions on
scale that would make net benefit negative. Conducting a profound Life Cycle Analysis
(LCA) is necessary when weighing each option.
How does producer responsibility touch centrally (in a mixed waste processing facility)
separated waste? For waste to receive the end-of-waste status, as stated in the waste
directive and Finnish law, it has to fill certain criteria. These include the substance
having a common useful purpose and a market, which some of the common waste
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articles in mixed waste have and some have not. The issues with EPR in this case are
the facts that it would be hard - if not impossible - to keep, for example, plastic
packaging separate from other plastic products. According to Ms. Nikkilä, a lawyer for
the Finnish Solid Waste Association, centrally separated waste that would be under EPR
if collected separately is still under EPR after said separation process. In her opinion,
the central sorting of waste is not an adequate process for waste to meet the criteria to
receive end-of-waste status. This would be a good subject for further research as today
there is no real market for many of the common recoverable materials and it could
possibly be argued that there is no common purpose for, for example, collected plastics.
That goes to say that plastics wouldn’t receive end-of-waste status. If packaging of
practically any material and other objects or materials falls under EPR, it would provide
a guaranteed destination for many of the recovered materials from the MWPF.
As mentioned in chapter 3.3, the different composition of mixed waste in Oulu
compared to the national average is an interesting find. No accurate research has been
done in regards to what is the cause for the different waste composition neither is the
single done study statistically significant on a larger scale. A simple explanation could
be the relatively strict municipal waste management provisions in Oulu compared for
example to Helsinki – biowaste separate collection limits are four or more and ten or
more households in a property, respectively. In Appendix 2, the percentage of people
living in other than detached houses in three large Finnish cities, Jyväskylä, Tampere ad
Helsinki is significantly higher than in Oulu. This in turn would go against the
hypothesis that the stricter MWP is the cause for different waste composition as the
limits for biowaste separate collection are more easily achieved. In addition to
understanding the differences between Finnish cities, it would be imperative to know
the exact average composition of mixed waste in the OWM operational area before
implementing any new recycling boosting activities to see what effect is gained.
On the subject of separate collection and the financial aspect, the choice if a single
producer of waste - be it a person or a family - also comes down to money. A detached
house pays for the collection of waste from their property and by recycling and thus
reducing the amount of mixed waste, they can directly affect the collection interval and
therefore the money spent on it. The same doesn’t apply for row house and apartment
building dwellers where the waste collection fees don’t show as a monthly bill. It can be
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argued that even though the possibility for source separation is made abundantly easy
when all the bins are placed near your home, as can be seen from Figure 6, the
“laziness” of the producer of the waste is greater than the want for separating said
waste. This subject is also a good place to start further research on how to affect the
source separation activity of people living in row houses and apartment buildings, for
example with the campaign of indoor waste container distribution. Money will also
play a part in all of the solutions presented in this thesis and opposition towards any
amount of increased waste management costs will rise.
Table 10. Subjects for future research
Subject

Research question

Research method
suggestion

Municipal waste management
provisions altered to include all
households in biowaste separate
collection

What are the environmental
effects of increasing biowaste
separate collection?

Life Cycle Analysis

End-Of-Waste and EPR for
centrally separated waste articles
in Finland

What is required for centrally
separated waste articles to receive
End-Of-Waste status?

Legislative review

Mixed waste composition in Oulu

What is the average composition
of mixed waste in Oulu over a
longer time period?

Waste composition
studies

Plastic packaging separate
collection

What are the environmental
effects of introducing plastic
packaging separate collection?

Life Cycle Analysis

Row house and apartment
building inhabitant source
separation activity

How to affect the source
separation activity of people
living in row houses or apartment
buildings in the operational area
of OWM?

Behavioural study

Small scale bring point system
introduction to older
neighbourhoods

How to implement small scale
bring points to neighbourhoods
with no allocated space for them?

Regional study in
cooperation with
municipal authorities

It is important to start planning for the future of waste in Oulu and Finland so as to not
fall behind from other European countries. As times are changing dramatically in the
field of waste management with the introduction of the Circular Economy, it is
imperative to move fast and take bold actions towards a better future.
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Appendix 1. Municipal solid waste articles (Statistics Finland 2005)
LoWcode

Waste fraction or group definition

15
15
15
15
15
15
15
15
15
15

1
1
1
1
1
1
1
1
1

16
16

5

16

5

1
2
3
4
5
6
7
9

WASTE PACKAGING; ABSORBENTS, WIPING CLOTHS, FILTER MATERIALS
AND PROTECTIVE CLOTHING NOT OTHERWISE SPECIFIED
Packaging (Including separately collected municipal packaging waste
Paper and cardboard packaging
Plastic packaging
Wooden packaging
Metallic packaging
Composite packaging
Mixed packaging
Glass packaging
Textile packaging

WASTES NO OTHERWICE SPECIFIED IN THE LIST
Gases in pressure containers and discarded chemicals
Laboratory chemicals, consisting of or containing dangerous substances including
6 mixtures of laboratory chemicals

20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

20
20

1 33
1 34

20

1 35

20
20
20
20
20
20
20

1
1
1
1
1
1
1

1
2
8
10
11
13
14
15
17
19
23
25
26
27
28
29
30
31
32

36
37
38
39
40
41
99

MUNICIPAL WASTES (HOUSEHOLD WASTE AND SIMILAR COMMERCIAL,
INDUSTRIAL AND INSTITUTIONAL WASTES) INCLUDING SEPARATELY
COLLECTED FRACTIONS
Separately collected fractions (exepct 15 1)
Paper and cardboard
Glass
Biodegradable kitchen and canteen waste
Clothes
Textiles
Solvents
Acids
Alkalines
Photochemicals
Pesticides
Discarded equipment containing chlorofluorocarbons
Edible oil and fat
Oil and fat other than those mentioned in 20 1 25
Paint, inks, adhesives and resins containing dangerous substances
Paint, inks, adhesives and resins other than those mentioned in 20 1 27
Detergents containing dangerous substances
Detergents other than those mentioned in 20 1 29
Cytotoxic and cytostatic medicines
Medicines other than those mentioned in 20 1 31
Batteries and accumulators included in 16 6 1, 16 6 2 or 16 6 3 and unsorted batteries
and accumulators containing these batteries
Batteries and accumulators than than those mentioned in 20 1 23
Discarded electrical and electronic equipment other than those mentioned in 20 1 21
and 20 1 23 containing hazardous components
Discarded electrical and electronic equipment other than those mentioned in 20 1 21,
20 1 23 and 20 1 35
Wood containing dangerous substances
Wood other than that mentioned in 20 1 37
Plasctics
Metals
Wastes from chimney sweeping
Other fractions not otherwise specified
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20
20
20
20
20
20
20
20
20
20
20
20

2
2 1
2 2
2 3
3
3 1
3 2
3 3
3 4
3 6
3 7
3 99

Garden and park wastes (including cemetery waste)
Biodegradable waste
Soil and stones
Other non-biodegradble wastes
Other municipal wastes
Mixed municipal waste
Waste from markets
Street-cleaning residues
Septic tank sludge
Waste from sewage cleaning
Bulky waste
Municipal wastes not otherwise specified

Appendix 2. Amounts of households per type and inhabitant (Statistics Finland
2015)
Oulu
Amount of households Percentage Amount of inhabitants Percentage2
29519
31,8
87122
45,0
Detached house
14741
15,9
31332
16,2
Row house
Apartment
47225
50,9
72882
37,6
building
1321
1,4
2261
1,2
Other building
92806
100,0
193597
100,0
∑
55,0
Percentage of people living in non-detached houses
Simo
Amount of households Percentage Amount of inhabitants Percentage2
1255
86,7
2919
90,6
Detached house
159
11,0
244
7,6
Row house
Apartment
9
0,6
10
0,3
building
24
1,7
50
1,6
Other building
∑
1447
100,0
3223
100,0
9,4
Percentage of people living in non-detached houses
Ii
Amount of households Percentage Amount of inhabitants Percentage2
3044
77,3
8146
85,3
Detached house
750
19,1
1149
12,0
Row house
Apartment
65
1,7
99
1,0
building
77
2,0
157
1,6
Other building
3936
100,0
9551
100,0
∑
14,7
Percentage of people living in non-detached houses
Utajärvi
Amount of households Percentage Amount of inhabitants Percentage2
953
74,2
2311
81,4
Detached house
247
19,2
391
13,8
Row house
Apartment
50
3,9
81
2,9
building
35
2,7
55
1,9
Other building
∑
1285
100,0
2838
100,0
18,6
Percentage of people living in non-detached houses
Muhos
Amount of households Percentage Amount of inhabitants Percentage2
2534
71,7
7346
82,8
Detached house
710
20,1
1103
12,4
Row house
Apartment
207
5,9
289
3,3
building
85
2,4
132
1,5
Other building
∑
3536
100,0
8870
100,0
17,2
Percentage of people living in non-detached houses
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2015)
Kempele
Amount of households Percentage Amount of inhabitants Percentage2
3731
56,3
11498
68,6
Detached house
1701
25,7
3385
20,2
Row house
Apartment
1154
17,4
1790
10,7
building
45
0,7
78
0,5
Other building
6631
100,0
16751
100,0
∑
31,4
Percentage of people living in non-detached houses
Hailuoto
Amount of households Percentage Amount of inhabitants Percentage2
440
65,5
911
92,5
Detached house
36
5,4
50
5,1
Row house
Apartment
0
0,0
0
0,0
building
196
29,2
24
2,4
Other building
∑
672
100,0
985
100,0
7,5
Percentage of people living in non-detached houses
Lumijoki
Amount of households Percentage Amount of inhabitants Percentage2
602
78,9
1798
87,3
Detached house
143
18,7
215
10,4
Row house
Apartment
0
0,0
0
0,0
building
18
2,4
46
2,2
Other building
763
100,0
2059
100,0
∑
12,7
Percentage of people living in non-detached houses
Liminka
Amount of households Percentage Amount of inhabitants Percentage2
2476
80,5
8639
89,5
Detached house
444
14,4
768
8,0
Row house
Apartment
115
3,7
186
1,9
building
39
1,3
63
0,7
Other building
∑
3074
100,0
9656
100,0
10,5
Percentage of people living in non-detached houses
Tyrnävä
Amount of households Percentage Amount of inhabitants Percentage2
1822
81,0
5996
89,9
Detached house
375
16,7
568
8,5
Row house
Apartment
21
0,9
42
0,6
building
30
1,3
64
1,0
Other building
∑
2248
100,0
6670
100,0
10,1
Percentage of people living in non-detached houses
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Siikajoki
Amount of households Percentage Amount of inhabitants Percentage2
1809
80,2
4751
87,3
Detached house
399
17,7
573
10,5
Row house
Apartment
9
0,4
18
0,3
building
40
1,8
100
1,8
Other building
∑
2257
100,0
5442
100,0
12,7
Percentage of people living in non-detached houses
Pudasjärvi
Amount of households Percentage Amount of inhabitants Percentage2
2581
67,7
6339
78,2
Detached house
782
20,5
1145
14,1
Row house
Apartment
321
8,4
421
5,2
building
129
3,4
199
2,5
Other building
3813
100,0
8104
100,0
∑
21,8
Percentage of people living in non-detached houses
Raahe
Amount of households Percentage Amount of inhabitants Percentage2
6711
58,5
17499
70,6
Detached house
1859
16,2
3065
12,4
Row house
Apartment
2651
23,1
3828
15,4
building
256
2,2
409
1,6
Other building
11477
100,0
24801
100,0
∑
29,4
Percentage of people living in non-detached houses
OWM area
Amount of households Percentage Amount of inhabitants Percentage2
57477
42,9
165275
56,5
Detached house
22346
16,7
43988
15,0
Row house
Apartment
51827
38,7
79646
27,2
building
2295
1,7
3638
1,2
Other building
∑
133945
100,0
292547
100,0
43,5
Percentage of people living in non-detached houses

Jyväskylä
Amount of households Percentage Amount of inhabitants Percentage2
17365
25,7
47747
35,8
Detached house
9257
13,7
20241
15,2
Row house
Apartment
40149
59,4
64062
48,0
building
859
1,3
1320
1,0
Other building
67630
100,0
133370
100,0
∑
64,2
Percentage of people living in non-detached houses
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Tampere
Amount of households Percentage Amount of inhabitants Percentage2
17321
14,7
46916
21,6
Detached house
12841
10,9
29795
13,7
Row house
Apartment
85262
72,2
136321
62,8
building
2654
2,2
4048
1,9
Other building
118078
100,0 217080
100,0
∑
78,4
Percentage of people living in non-detached houses
Helsinki
Amount of households Percentage Amount of inhabitants Percentage2
24318
7,6
66254
11,1
Detached house
18414
5,8
48111
8,1
Row house
Apartment
271900
85,4
475923
79,8
building
3593
1,1
6200
1,0
Other building
∑
318225
100,0
596488
100,0
88,9
Percentage of people living in non-detached houses

Appendix 3. Interview transcriptions
Interview transcriptions are presented in chronological order. The transcriptions below
contain the key elements of each interview and only questions and answers deemed vital
for the purpose of this thesis are used as references in the text proper. In the
transcriptions the letter Q represents the question asked and the letter A the answer
given.
Ilona Suppanen is the Services Manager for the City of Oulu urban and
environmental services and the key person in planning the municipal waste
management provisions for Oulu and partner municipalities.
Transcription of email correspondence with Ilona Suppanen between the 10th and
13th of May 2016:
Q: How long would it take to change the municipal waste management provisions to
include the source separate collection of biowaste?
A: The process would take a rather long time. Taking into account all of the actors
involved that are affected by the revision of the MWMP requires the most and the
process which is defined by law, to a certain degree, may take up to a year.
Q: Is it possible that biowaste separate collection wouldn’t be fair towards all
inhabitants in terms of waste handling costs?
A: It is possible, due to waste handling and collection costs differences that are caused
by longer collection distances. It would be justified to leave certain sparsely habituated
areas outside biowaste separate collection and to promote for example composting.
Q: Is the process of revising municipal waste management provisions cost intensive?
A: Revising the MWMP costs nothing more than normal working time.

Appendix 3. Interview transcriptions
Markku Heinonen is the Operations Manager for Oulu Waste Management Ltd.
and he has almost 10 years of practical experience in municipal and industrial
waste management in Northern Finland.
Transcription of email correspondence with Markku Heinonen between the 16th
and 17th of May 2016:
Q: What kind of challenges does the high amount (56.5% of the population) of people
living in detached houses in the OWM operational area pose for municipal solid waste
management?
A: The waste transportation scheme in Oulu, where each property can tender the
collection of their waste, can reduce the willingness to source separate as the costs may
vary a lot between waste hauling companies and areas. The waste hauling company may
price the separately collected waste article to such a decree, that separate collection is
not economically valid.
Q: What effect do sparsely habituated areas have on waste collection and its costs?
A: Municipal waste management provisions should be shared by all the member
municipalities of Oulu Waste Management. Sparse habituation increase collection costs
and thus may hinder the fairness of waste collection for all inhabitants.
Q: What is your opinion on biowaste separate collection for all accommodations and
small businesses?
A: I support the idea of biowaste separate collection and source separation. The waste
transportation scheme should be revised, though.
Q: Should the Hiukkavaara small scale bring point pilot be tested in older
neighbourhoods in order to boost recycling rates?
A: Absolutely. The challenge may be to find space for the bring points in older areas
and how to affect the public opinion to accept these bring points altogether.

Appendix 3. Interview transcriptions
Markku Illikainen is the CEO of Oulu Waste Management Ltd. and he has
decades of experience in waste management. He has been in a key role in
advancing waste management in Finland and especially in Oulu. Jari Kangasniemi
is the Development Manager for Oulu Waste Management Ltd. and he has two
decades of experience in developing technical solutions for waste management in
Oulu.
Transcription of an interview with Markku Illikainen, Markku Heinonen and Jari
Kangasniemi on the 23rd of May 2016:
Q: What effects would biowaste separate collection have on the fuel value of mixed
waste used as input in the waste incineration plant here in Oulu?
A: The fuel value of mixed waste with no biowaste present would be comparable to the
waste derived fuel produced in the Rusko Waste Center, which is composed mainly of
plastics and wood derivatives. Numerically, the value is between 8 and 15MJ/kg. When
mainly waste from Rusko is incinerated, wetter waste materials have to be introduced to
the process to prevent overheating of the incinerator.
David Newman is the President of the International Solid Waste Association. He
has 24 years of experience in the field of environmental protection and solid waste
management.
Transcription of email correspondence with David Newman on the 23 rd of May
2016:
Email to Mr. Newman: During our departure from the dinner party and in the lobby bar,
we briefly discussed the theoretical efficiency of a mixed waste processing facility and
the prerequisites it sets on source separation - mainly on biowaste. Your opinion was
very sceptical towards the efficiency of an MWPF without proper separation of wet
waste from the mixed waste stream.
Response: Not only I but also the European Commission make it clear that only source
segregated biowaste can give results in terms of making soil improvers or fertilisers that
have any value and do not contaminate soil. In fact the final draft of the fertiliser
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directive makes it clear that there is no space for mixed waste being a basis of a product
which can be commercialised on the open EU market with end of waste status.
These positions are shared by European Compost Network and ISWA.
As for MBT giving clean dry waste, this too also needs to be looked at clearly. Where
mixed packaging and food waste go into the same plant, experiences from Italy show
that the effective recycling achieved from these plants is around 7%. These are mainly
metals. Italians treat about 9 million ton/ year in MBT plants and about 80% of output
either goes to landfill cover (the dirty organic fraction) or as RDF. The rest is loss of
weight due to evaporation.
Juha-Heikki Tanskanen, D.Sc. (Tech.), is the CEO of RINKI, the producer
organization of packaging waste in Finland.
Transcription of a telephone interview with Juha-Heikki Tanskanen on the 25th of
May 2016:
Q: What do you think is the future for the producer responsbility of consumer packaging
and especially plastic packaging?
A: Quality is an important factor in defining the applications for collected plastics. The
current bring point collection of plastic packaging gives insight on the quality that we
are able to get from collected waste. The increase in value for recycled or recovered
materials would positively affect the collection of plastic packaging in addition to the
cooperation of the producers.
Q: What is your opinion on plastic packaging separate collection?
A: Due to increased costs the producer organization would be against it.
Q: What is your opinion on biowaste separate collection?
A: It would be a financially unstable solution and the effects down the line should be
taken in to account. The need for an LCA is real to evaluate the benefit gained.
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Amanda Nikkilä is a lawyer for the Finnish Solid Waste Association which
represents Finnish regional and municipal waste management companies.
Transcription of email correspondence with Amanda Nikkilä on the 9 th of June
2016:
Q: Separately collected consumer packaging are under producer responsibility in
Finland. Is centrally in an MWPF separated packaging (and other waste) also under
producer responsibility if the quality is comparable to separately collected waste?
A: A waste article may not receive an end-of-waste status even if it is in some way
processed. Waste articles that normally fall under EPR are still under producer
responsibility even after separation activities in an MWPF.
Anne-Maria Vesa is the Publicity Agent for Oulu Waste Management Ltd. and is
responsible for public education and publications by OWM.
Transcription of email correspondence with Anne-Maria Vesa on the 17th of June
2016:
Q: What kind of public education and information campaigns has Oulu Waste
Management engaged in?
A: OWM has among others focused on promoting biowaste collection, the correct use
of bring points and the importance of correct source separation.
Q: What kind of effect have these campaigns had?
A: Effects from the campaigns include the reduction in bring point littering and misuse
and reduction in waste counselling calls after the introduction of the waste incineration
plant in 2012.
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Mari Puoskari is the Senior Vice President of New Business Ventures for Ekokem
Corporation. She is also the chairman of the Helsinki City Council.
Transcription of email correspondence between 20th of May and 22nd of June:
Q: What are the estimated investments for the Ekokem Circular Economy Village?
A: The estimated investments for the digestion plant and plastic refinery are circa 25M€
and for the MWPF circa 15M€.
Q: What was the construction and design time required for the MWPF?
A: The construction took a year and a month. The design time is hard to evaluate as the
concept was under development for eight years.
Q: What is the lifespan for the MWPF?
A: At least ten years, as I recall. Most likely more than that.

