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1

INTRODUCTION

The climate is changing, the natural diversity is changing. There are major climate-related
issues the world is facing. Greenhouse gas emissions are causing global warming and
untreated waste is contaminating the environment. There is a need for more effective control
of emissions and waste management. To obtain efficient results in environmental protection,
there is a need for shared global targets. Along common targets comprehensive transition in
different systems can be accomplished. Climate and environmental politics are guiding
countries and corporations in their actions. European legislation has a set of targets and
objectives to improve waste management.
Finnish climate targets are aiming to reduce GHG emissions, increase renewable energy
resources, and improve energy efficiency. Related to separate waste collection, two major
environmental-related issues are faced: emissions of transportation and a circular economy.
European legislation is reformed to reach better recycling rates and shifting waste into a
resource. The targets of the separate waste collection are setting the pressure for municipal
solid waste management companies. There is a need for more effective collection, sorting,
and recycling of valuable materials. Municipal waste management companies are planning
new collection systems, and emissions of the transportation must be decreased, and the
collection systems should be cost-efficient.
In the waste management sector, sustainability has been an important aspect recently and in
the legislation there has been significant modifications during recent years. GHG emission
control and monitoring are adopted in recent years. One of the main resources of emissions
is the transportation of waste. There is potential for an emissions reduction with different
actions. In Finland, distances between households, collection points, and waste treatment
facilities are long because the country is sparsely populated. Therefore, there is a demand
for optimal planning of waste transportation operations to prevent high costs, emissions, and
time losses.
The case company for the research is a municipal solid waste management company Rosk’n
Roll Ltd. The company is operating in Western and Eastern Uusimaa in Southern Finland.
The Helsinki Metropolitan area is between Western and Eastern Uusimaa. Helsinki Region
Environmental Services Authority HSY is responsible for waste management in the Helsinki
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Metropolitan area. Rosk’n Roll Ltd offered the commission for this research topic to
examine how the company could reach new recycling targets and objectives of the new waste
legislation. Rosk’n Roll Ltd require to receive concrete proposals of the operational solutions
of the separate collection of waste. This study is concentrating on waste recoveries and costs
of the separate collection systems. Technical solutions and operational methods are
examined. The company has earlier commissioned the LCA survey of the emissions and
costs on the separate waste collection. Rosk’n Roll Ltd has also composed an emission
reduction plan and roadmap for separate collection. This master’s thesis was an extension of
the made surveys and plans.

1.1 Goals of the study
In this thesis, one of the main goals is to find the most feasible and optimal separate
collection solutions for Eastern and Western Uusimaa in Finland. Separate collection
systems should be as technically effective, cost-efficient, and high environmental
performance as possible. In addition, the chosen system should be modifiable for the
changing conditions and future targets. To reach these goals, different new projects and
applicable separate waste collection systems are examined from Finland and Sweden. The
most feasible results are achieved with collaboration; therefore, cooperation is done with
other Finnish municipal solid waste management companies.
The separate collection system is always a service for customers. Customer experiences of
new services are collected when possible. Customers are end-users of services; therefore,
new systems should be user-friendly and affordable. The target is to find solutions where
services are offered close to customers.
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2

WASTE MANAGEMENT AND SEPARATE COLLECTION IN
EASTERN AND WESTERN UUSIMAA

Rosk’n Roll Ltd is a municipal waste management company owned by 12 municipalities in
Eastern and Western Uusimaa Finland. Rosk’n Roll Ltd operates waste management service
duties which are legislated in Section 43 of the Waste Act (646/2011). These responsibilities
are ensuring waste treatment, transport, and reception activities, waste charges invoicing (82
§), the guidance of waste (93 § 1), and administrative duties related to mentioned activities
and duties. (Waste Act, section 43.)
Rosk’n Roll Ltd’s owner municipalities are Porvoo, Sipoo, Askola, Loviisa and Pornainen
in Eastern Uusimaa. In Western Uusimaa owner municipalities are Lohja, Hanko, Vihti,
Karkkila, Raasepori, Siuntio and Inkoo. The operational area of the company occupies
227 781 inhabitants in 2020 (Official Statistics of Finland OSF 2021d). Customers of the
company are all municipalities’ regular inhabitants and summer residents. In the operational
area of the company are 15 manned waste stations. The company has two offices which are
in the cities of Porvoo and Lohja. (Rosk’n Roll Ltd 2021a.)
The owner municipalities of Rosk’n Roll Ltd have a collaborative Waste Management Board
in Uusimaa.

The Waste Management Board is determining the Waste Management

Regulations in the area. The Waste Management Regulations specify the waste management
disposal principles of the Waste Act. In regulations, municipalities are determining
requirements for waste collection equipment, waste transport, and collection activities
(Rosk’n Roll Ltd 2021b; Wendén, presentation 25 October 2019.) There is a Finnish Waste
Management Association KIVO Suomen Kiertovoima, which is representing public waste
management and municipal waste management companies in Finland. There are 31 members
of municipal waste management companies in KIVO. KIVO is cooperating with different
organizations. Rosk’n Roll Ltd is a member of KIVO. (KIVO 2021.)
Rosk’n Roll Ltd has an affiliated company Maa Roll Ltd. Maa Roll Ltd is responsible for
surplus soil reception in Sipoo (Maa Roll Ltd 2021). Two other affiliated companies are coworking with Rosk’n Roll Ltd. These companies are Revanssi Ltd and Uudenmaan Woima
Ltd. HSY Ltd and Rosk’n Roll Ltd are owners of Uudenmaan Woima Ltd. Kuusakoski Ltd
and Rosk’n Roll Ltd are owners of Revanssi Ltd. Revanssi Ltd offers waste management
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and recycling services for corporates. (Revanssi Ltd 2021; Rosk’n Roll Ltd 2021c; Rosk’n
Roll Ltd 2021i.)
Rosk’n Roll Ltd operates 13 manned waste stations and three waste management centers in
Eastern and Western Uusimaa. Waste management centers are in the cities of Porvoo and
Lohja. The landfill for soil is in the municipality of Sipoo. The new waste management
center KILKE is in the Kilpilahti area in the city of Porvoo. There is usually one waste station
per one municipality in the operational area. In waste stations, the staff is serving households
and small entrepreneurs. Customers can sort and recycle their recyclable waste, mixed waste,
and hazardous waste in the waste stations. Some of the waste fractions cost the customer,
and most are free of charge. In waste management centers is received large waste loads by
trucks, and these trucks are weighted on the car scales. In waste management centers are also
waste stations for household customers. An environmental permit is determining what sort
of waste is permitted to receive in waste management centers. Waste management centers’
customers are households, public actors, and enterprises. Part of the received waste is treated
at waste management centers and stations, and part of the waste is stored temporarily before
transporting to waste treatment plants. (Rosk’n Roll Ltd 2021j.)
Waste materials are transferred and temporarily stored in waste management centers. Waste
materials are sorted and crushed, liquid waste is treated, gardening waste is composted, soil
material is screened, unrecyclable waste materials are landfilled, and inorganic waste
materials are utilized on structures of the waste management center. (Rosk’n Roll Ltd 2021i.)
A self-service option is offered for households for recycling dangerous waste and gardening
waste. For dangerous waste there are three self-service containers located in Loviisa,
Ruotsinpyhtää, and Saukkola. These self-service containers are managed by digital
platforms and smartphones. A self-service for dangerous waste and gardening waste is in the
Loviisa waste station. During opening hours, the self-service is not in operation. (Rosk’n
Roll Ltd 2021k.)

In Eastern and Western Uusimaa, the MSW rate of recovery is 99 %. Around 42 % of MSW
is recycled as a material, around 57 % of MSW is utilized in energy use. In 2020, the
company received 178 000 tons of waste materials of which were MSW 55 000 tons. (Rosk’n
Roll Ltd 2021p.) In 2019, the recycling rate of MSW was 43 % in Finland. The energy
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recovery of waste was 56 % and the share of landfill disposal was under one percent in
Finland in 2019. (Official Statistics of Finland OSF 2020.)
Rosk’n Roll Ltd’s responsibilities are waste collection and transportation services for real
estate. The company coordinates regional eco and mixed waste points, where household
customers can sort and recycle their waste. Rosk’n Roll Ltd has a total of 141 own eco points
and Rinki (Finnish Packaging Recycling RINKI Ltd) eco take-back points are located in the
operational area (Hyvönen 2021). Finnish Packaging Recycling RINKI Ltd is responsible
for packaging waste collection in Finland. Rosk’n Roll eco points are supplementing the eco
point network in Eastern and Western Uusimaa. In all Rosk’n Roll eco points glass
packaging, metal, and paper are collected. Some eco points have recycling opportunities for
cardboard and clothes. (Rosk’n Roll Ltd 2021m.) Cardboard, glass packaging, metal, and at
some points also plastic packaging are collected in Rinki eco take-back points. (Finnish
Packaging Recycling RINKI Ltd 2021a).
Finnish Packaging Recycling RINKI Ltd

attends that producer responsibility

implementation is proficient for companies and recycling is feasible for consumers (RINKI
Ltd 2021b). The producer's responsibility for packaging waste obligates companies to
arrange waste collection and recycling for their packaging waste. The companies which are
obligated for producer responsibility, are packing, or product packing is happening in
Finland or are importing packed products to Finland. (Waste Act 646/2011, section 6, 46–
48 §)

2.1 The strategy of the company
Rosk’n Roll Ltd has reformed its strategy for the years 2021-2026. There are drivers for
transition in business activities. These drivers are a reform of legislation, increasing
environmental awareness of consumers, the rapid development of environmental
technologies, expansion of digitalization and automatization, networking, and the
significance of work. Rosk’n Roll Ltd’s objective is to be a forerunner in household waste
management services and an active actor in the development of waste utilization solutions.
(Rosk’n Roll Ltd 2021c.)
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Rosk’n Roll Ltd has set four concrete strategic objectives for its business activities. One of
the main objectives is to reach a recycling rate of 55 %. The second objective is to reduce
greenhouse gas emissions to 26 kt CO2 ekv., which means decreasing 35 % of methane
emissions on landfilling and decreasing 85 % of transport emissions. The cost-efficiency and
a stable and predictable economy is the third objective. The fourth objective is to implement
two new and innovative waste management solutions in the operation area of the company.
(Rosk’n Roll Ltd 2021c.)
The vision of the company is “Together, we are building an opportunity for the future”. The
operation plan is to provide local and efficient waste management solutions in a part of the
circular economy. Rosk’n Roll Ltd’s values are service-minded, responsible, and sincere.
(Rosk’n Roll Ltd 2021c.)

2.2 Environmental and quality monitoring
The management system of the company is certified. The management system fulfills the
requirements of Quality management systems standard (ISO 9001:2015), Environmental
management systems standard (ISO 14001:2015), and Occupational health and safety
management systems standard (ISO 45001:2018). (Rosk’n Roll Ltd 2021d.)

In Eastern and Western Uusimaa, all waste stations have an environmental permit. The
environmental permit requires the company to report the operational activities of the waste
stations to environmental authorities once a year. These authorities are The Centre for
Economic Development, Transport, and the Environment (ELY Centre) and Municipality’s
environmental authorities. Based on an environmental permit, the company has an
environmental monitoring program. The program includes the monitoring of water, landfill
gas, smell, dust, noise, and pests. (Rosk’n Roll Ltd 2021i.)

2.3 The present state of the separate waste collection system
There are around 35 waste trucks and 8 contractors operating in Eastern and Western
Uusimaa. In 2020, there were 1 904 612 bin emptyings in the area. Mixed waste was emptied
1 569 104 times, biowaste 167 529 times, packaging materials (cardboard, glass, metal, and
plastic packaging) 134 637 times, and multi-compartment containers (glass. metal,
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cardboard, plastic packaging) 20 740 times and two-compartment containers (mixed waste
and biowaste) of multi-compartment collection 13 124 times in 2020 (Päivänsalo-Nykänen
2019.)
In Eastern and Western Uusimaa the waste management for households has different
implementation options. Different waste collection services are offered for detached houses,
secondary residences, and housing cooperatives. Residents of detached houses can choose
their waste containers or have a shared waste container with neighbors or select a regional
waste collection point service for the mixed waste. Circulating waste collection tours are
also arranged during the summer months by car and ferry. During these tours metal and
hazardous waste are collected. A property manager is responsible for waste management in
housing cooperatives. According to the Waste Act, all real estate must join to the
municipality’s waste management. (Rosk’n Roll Ltd 2021e; Rosk’n Roll Ltd 2021f.)
The separate collection obligations for residential buildings are determined in regional waste
management regulations. These obligations present how the separate waste collection
fractions should be planned in residential buildings. All regions in Finland have their
regulations and waste management boards, which have determined waste management
regulations for the region’s demand. In the reform of waste legislation, this procedure is
changed when obligations are added to the Waste Act for the first time. Eastern and Western
Uusimaa’s separate collection obligations for residential buildings are presented in chapter
3.3 The waste management regulations of Eastern and Western Uusimaa. (Uudenmaan
Jätelautakunta 2020, 4-7; Wénden 2019.)
In the operational area, most of the inhabitants occupy small real estate, for example in
detached houses or rowhouses. There are only a few large housing cooperatives in the area
and the area is mostly dispersed settlement. In the operational area are a total 90 000
properties, where 54 200 are detached houses, and 28 700 leisure homes. (Rosk’n Roll Ltd
2020a.) The population density in the area was on average 40.9 people/km2 in 2020. The
largest population densities were in the city of Porvoo with 77.3 people/km2, the city of
Hanko with 68.5 people/km2, and the municipality of Sipoo with 63.8 people/km2 in 2020.
The lowest population densities were in the municipality of Inkoo with 15.2 people/km2 and
the city of Loviisa with 18.0 people/km2 in 2020. The share of inhabitants (%) was highest
in the cities of Porvoo (22.2 %) and Lohja (20.1 %) in 2020. The lowest share of inhabitants
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(%) was in the municipality of Askola (2.1 %) in 2020. The degree of urbanization (%) was
the highest in the municipality of Hanko (96.50 %) and the lowest in the municipality of
Inkoo (41.0 %) in 2019. In table 1 is presented the population, the share of inhabitants, the
degree of urbanization, and the population densities in the municipalities in the area.
(Official Statistics of Finland OSF 2021b, c,d.)
Table 1. The population, the share of inhabitants, and the degree of urban settlements in the municipalities in
Eastern and Western Uusimaa in 2020 (Official Statistics of Finland OSF 2021b, c, d.).

The

Population

The share of

The degree of

The

municipality

2020

inhabitants %

urbanization

population

2020

%

density

2019

person/km2
2020

Askola

4878

2.1

53.90

23.0

Hanko

8042

3.5

96.50

68.5

Inkoo

5321

2.3

41,00

15.2

Karkkila

8696

3.8

85.60

35.9

Lohja

45886

20.1

82.80

48.8

Loviisa

14745

6.5

74.50

18.0

Pornainen

5070

2.2

66.80

34.6

Porvoo

50619

22.2

84.80

77.3

Raasepori

27528

12.1

77.20

24.0

Sipoo

21687

9.5

83.50

63.8

Siuntio

6149

2.7

49.10

25.5

Vihti

29160

12.8

75.60

55.9

Total

227781

100

calculated
average 40.9

The operational area’s apartment composition is presented in table 2. Around 66 % are
detached houses and small real estate in the area. The second dominant real estate type is an
apartment building of 20-39 apartments, which is 13 % of the population. (Rosk’n Roll Ltd
2020a.)
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Table 2. The apartment composition of the operational area in Eastern and Western Uusimaa (Rosk’n Roll Ltd
2020a).

The operational area of

Permanent real

Rosk’n Roll Ltd

estates

Inhabitants

Share of the
inhabitants, %

1-2 households of real estate

62 375

148 358

66 %

3-4 households of real estate

472

3788

2%

5-9 households of real estate

712

7347

3%

10-19 households of real estate

895

17 165

8%

20-39 households of real estate

793

29 411

13 %

≥ 40 households of real estate

237

17 478

8%

65 484

223 547

Total

The apartment composition of Eastern and Western Uusimaa is presented in Figures 1 and
2. Eastern Uusimaa is presented in Figure 1, where Porvoo is the largest population center.
The largest populated community is the city of Lohja in Western Uusimaa (figure 2).

Figure 1. Apartment composition in Eastern Uusimaa (Rosk’n Roll Ltd 2020).
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Figure 2. Apartment composition in Western Uusimaa (Rosk’n Roll Ltd 2020).

The number of separate collection customers has increased in recent years. There has been
an increase in the amounts of all recyclable materials, but the largest increase has been in
plastic packaging separate collection. The separate collection of plastic packaging waste
started in 2018. In 2019 the growth of separate waste collection customers by waste fractions
were: biowaste 2,7 %, cardboard 16 %, glass 59 %, metal 58 %, and plastic 490 %. (Rosk’n
Roll Ltd 2020a.)

Around 2700 real estates are obliged to have a separate collection for biowaste (5 apartments
or more in the resident building). The number of real estates obliged to collect recyclable
materials (cardboard, glass, metal, and plastic packaging) is around 1065 in the area (with
the obligation of 20 households). Around 36 000 households are attending now to the
separate collection of recyclable materials (with the obligation of 20 households). When the
legislation was reformed on the 1st of July, 49 000 households were attending to the separate
collection of recyclable materials (with the obligation of 10 households). When the
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obligation limit is going to be ≥ 5 households, there will be around 54 000 households
attending to recyclable materials (cardboard, glass, metal, and plastic packaging) separate
collection. (Printz 2020.)
Around 92 300 households were attending in the separate biowaste collection in urban
settlements with over 400 inhabitants. Approximately 20 000 apartments are in the dispersed
settlement. Table 3 presents the number of real estates, real estate types, and the overall
number of apartments in separate biowaste collection between different sized municipalities:
≥ 400 inhabitants, ≥ 1000 inhabitants, and ≥ 10 000 inhabitants. (Printz 2020.)
Table 3. The number of real estates, real estate types, and the overall number of apartments in separate biowaste
collection in urban areas in Eastern and Western Uusimaa (Printz 2020).

The size of municipality
Real estate type

Detached house

≥ 400 inhabitants

≥ 1000

≥ 10 000

in the urban area

inhabitants in the

inhabitants in the

urban area

urban area

30 140

13 430 houses

34 850 households

households
Duplex house

1670 households

1500 households

400 houses

3-4 apartments in real

1650 real estates

1480 real estates

180 real estates

92 300

87 300

68 900

estate
Overall number of
households
2.3.1 Collection equipment and technology
Rosk’n Roll Ltd is renting waste containers for customers. A customer can purchase a
container from another source. The most common sizes of waste containers are 140 l, 240 l,
360 l, and 660 l. The multi-compartment containers are possible to order for detached houses.
The multi-compartment container for recyclable materials (cardboard, metal, glass, and
plastic packaging) is possible to order for real estate with ≤ 10 apartments in the area. There
are two types of multi-compartment containers (figure 3.). There is a multi-compartment
container for four recyclable materials: cardboard, metal, glass, and plastic packages. This
four-compartment container is available in sizes 360 liters and 660 liters. The other container
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is a two-compartment container for biowaste and mixed waste. There is also an option to
choose a basic container for mixed waste instead of a two-compartment container. The twocompartment container is available only in size 240 liters. A container for mixed waste is
available in sizes 140 l, 240 l, 360 l, and 660 l. (Rosk’n Roll Ltd 2021g; Rosk’n Roll Ltd
2021h.)

Figure 3. Multi-compartment containers of present permanent service. (Rosk’n Roll Ltd 2021b)

Basic waste trucks with one chamber are operating in Eastern and Western Uusimaa. The
multi-compartment car is an exception (figure 4.). There are chambers for four waste
fractions and the truck is used only in the emptying of multi-compartment containers. The
routing for waste trucks is planned with TCS Opti software and the Vingo system. Rosk’n
Roll Ltd has Enevo’s sensors in the underground containers for cardboard in the city Porvoo
and mixed waste in the operational area. Sensors are measuring the volumetric efficiency of
underground containers. (Toivari 2021.)
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Figure 4. A multi-compartment car empties the container. (Rosk’n Roll Ltd 2021b)

Municipal waste management companies are arranging competitive tendering about waste
transporting services. Similarly, Rosk’n Roll Ltd does not own waste trucks and the winning
tenderer is providing waste transportation equipment for collection. Contracts are done
between the contractor and the municipal waste management company. The contract periods
for separate waste collection are usually 5 years and option periods 1-2 years. The contract
is valid also during the option term considering used collection equipment and fuels. (Rosk’n
Roll Ltd 2020b.)
2.3.2 Fees of waste collection and management
There is a basic fee of waste management services for households in Eastern and Western
Uusimaa. The basic fee is a household-specific monthly payment, which is charged from the
owner of the household or leisure home. A basic fee is used for funding the waste
management duties which are legally the municipality’s responsibilities. These duties are for
example the maintenance of own eco points, the collection of dangerous waste, the services
of waste points, guidance and counseling activities and waste management authority duties,
and the maintaining of waste register. Waste collection summer tours for metal and
hazardous waste are also financed by the basic fee. The basic fee for permanent real estates
is 2,33 €/month/household (27,96 €/a) and for leisure homes are 1,17 €/month/household
(14,04 €/a). The basic fee must be paid even if the real estate would be empty, but if the real
estate is unusable the basic fee is not obligated. (Rosk’n Roll Ltd 2021j.)
The separate waste collection from households is paid for by the households. The fee for the
separate waste collection from households depends on the waste fraction. The size of the
waste container determines the cost of the collection. All municipalities in Eastern and
Western Uusimaa have different emptying fees. Costs are compiled for detached houses and
housing cooperatives and costs include taxes of 24 %. The emptying costs of mixed waste
vary between 4.81-10.29 €/emptying. The emptying cost for biowaste is varying 7.66-12.47
€/emptying. Customers can rent waste containers of sizes 140 liters, 240 liters, 360 liters,
and 660 liters. The renting cost varies between 0.62-2.46 €/month. (Rosk’n Roll Ltd 2021l.)
Costs for emptying biowaste and mixed waste are the same for detached houses, other small
real estates, and housing cooperatives in a specific municipality. Cost structure from this
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point of view is equal for inhabitants in the municipalities, but there are cost differences
between municipalities, therefore 0,44-0,94 €/emptying.

2.4 The recent development of the separate collection system
Rosk’n Roll Ltd is developing its activities in the separate waste collection. Different
development projects and studies related to the separate waste collection have been
implemented. The first multi-compartment collection project was implemented in 2013. The
service was offered for the household customers of detached houses. The second multicompartment project with a wider range of waste fractions was executed in 2017-2018. The
present multi-compartment collection started in 2018. The purposes of the projects were to
examine how multi-compartment containers affect the recycling rate and waste recoveries.
The driver for the development is firstly national and EU recycling targets and Waste
directives and Waste Act. The multi-compartment collection system is extended with a
development project. The third, new and modified multi-compartment collection started in
June 2021 and is completed by May 2022.
Rosk’n Roll Ltd has commissioned an LCA study considering GHG emissions of the
separate collection. The company wanted to find out what the GHG emissions, costs, and
waste recoveries would be when the separate collection is extended. The separate collection
extension comes from an amendment to the Waste Act which will be in force from 2021.
Based on the LCA study, the company prepared the plan for the separate collection emissions
reduction. Related to the reform of the waste legislation, the company drew up a plan: the
roadmap of the separate collection system. The plan will help prepare for amendments to the
Waste Act.
2.4.1 The LCA of the separate collection system
The LCA study of the separate collection system of Eastern and Western Uusimaa was done
in 2019. It is obligated by Waste Act to collect more effectively all different waste fractions
such as biowaste, metal, glass, cardboard, and plastic. The LCA study was done considering
the separate collection of biowaste, cardboard, glass, metal, and plastic packaging. In
addition to that, the collection and handling of the mixed waste were modeled. Municipal
review was done for Hanko, Lohja, Sipoo, Vihti and Pornainen. The environmental impacts
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and costs for the entire domain are based on these municipalities. (LCA Consulting Ltd
2019, 3-4.)
In the LCA study, the source separate collection requirements of recyclable materials and
biowaste were examined. Emissions, costs, and waste recoveries for the present state of the
separate waste collection and future scenarios with different obligation limits were
calculated. In the study, the default was that the separate waste collection is operated by a
one-chamber waste truck. Further review was performed for the multi-compartment
collection and renewable fuels utilized in the collection. Researched fuels were biogas and
renewable diesel. (LCA Consulting Ltd 2019, 5-7.)
In terms of global warming, the greatest benefits will be achieved with extensive separate
collection and recycling of plastic packaging. From the perspective of recycling rates and
separately collected waste recoveries, the biggest potential is reached with extending the
sorting obligation of biowaste to small real estate. The second-best potential has plastic
recycling therefore the recommendation would be to set the separate collection obligation
for real estate instead of volunteered sorting. From the perspective of costs and global
warming impacts, the multi-compartment collection would be the better option for the
separate collection of multiple waste fractions than collecting all waste fractions separately
from small real estates of 1-2 households. The benefits of the multi-compartment collection
are depending on the emptying intervals. The largest climate benefits would be reached
utilizing renewable diesel in the collection. Biogas is almost as good an option as renewable
diesel considering climate benefits. (LCA Consulting Ltd 2019, 87.)
2.4.2 Separate collection emissions reduction plan
The main source of emissions in the separate waste collection is transportation.
Transportation emissions are mainly caused by fuels. The commonly used fuel in the waste
collection has been the conventional fossil-based diesel. Changing the fuel from fossil-based
products to renewable ones is reducing greenhouse gas emissions even by 90% (LCA
Consulting 2019, 66).
In Eastern and Western Uusimaa, the fuel usage of the separate waste collection is around
600 000 liters yearly. (Printz 2020) Rosk’n Roll Ltd has recommended the use of renewable
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fuels in transportation in the new competitive tendering of separate collections. A
competitive tendering enables alternative fuels in waste collection: HVO (hydrotreated
vegetable oil) and biogas. A competitive tendering for a separate collection of mixed waste
was in the city of Lohja, in Western Uusimaa in January 2021. The winning contractor
intends to utilize renewable diesel, HVO, in a separate collection. (Karlstedt 2021.) It is
proposed that changes in fuels are decided when new competitive tenders are launched.
There is also an option to negotiate with the service producer about fuel changes, the
primarily prospective change would be from common diesel to HVO fuels. (Rosk’n Roll
Ltd 2020b.)
Different renewable fuels for transportation have been developed in recent years. A broadly
available renewable fuel is renewable diesel HVO (hydrotreated vegetable oil; EN 15940).
There are several suppliers for HVO in Finland. HVO is produced from biomass (oils and
fats) and it is feasible for most of the new car engines. Extensive applicability supports the
use of HVO even in the existing waste trucks. The storage life of HVO is like the basic
diesel, contrary to biodiesel (EN 14214) which storage life is unsatisfactory. (Rosk’n Roll
Ltd 2020b.)
Waste trucks are available with gas engines. There are two options for fuels: conventional
natural gas (LNG Liquefied Natural Gas/CNG Compressed Natural Gas) or biogas (LBG
Liquefied Biogas/CBG Compressed Biogas). Natural gas is not a relevant option, because
utilizing it in transportation the emission reduction would be only around 20 % compared to
conventional diesel. There are two types of biogases in the market, gas form (CGB) and
liquid option (LBG). Gaseous biogas (CBG) is used in waste trucks. (Rosk’n Roll Ltd
2020b.)
There are challenges with the availability of renewable fuels in Finland. In Eastern and
Western Uusimaa, biogas is available in the city of Porvoo and Lohja. There are also
refueling stations in the Helsinki Metropolitan area. There is demand for a wider distribution
network. A waste truck with a gas engine is a little bit more expensive than a conventional
diesel car, but gas fuel is more affordable. The availability of HVO fuel is better in Eastern
Uusimaa than in Western Uusimaa. The lack of renewable fuels may delay the transition
towards renewable fuels. (Rosk’n Roll Ltd 2020b.)

25

In the future, the separate collection of waste is extended. Because of the extension, the
separate waste collection transportation, and fuel consumption is increasing. The transition
is controlled with effective logistics and avoiding connecting isolated real estates which are
not obligated to join to a separate waste collection. Analyzing the effects of extension would
need a more specific LCA examination. (Rosk’n Roll Ltd 2020b.)
Rosk’n Roll Ltd has calculated its GHG emissions of a separate waste collection. The
calculation has utilized two years’ data of transportation contracts, driven kilometers, and
used fuels. The reason for the two-year examination period is that there are always
uncertainties considering the data. In the new competitive tendering contracts is a stricter
requirement for the quality of reported data. GHGs are estimated as CO2 equivalents.
Emissions have been calculated from fuel consumption. The emission factor of diesel is 2.34
kgCO2 eqv. /l. (Rosk’n Roll Ltd 2020b.)
The transition of fuel usage is planned to follow the competitive tendering timetable.
Primarily, during the contract period, the contract content cannot be modified, for example
by changing the fuel. Contract periods are determining the fuel transition timetable. Rosk’n
Roll Ltd has negotiated with contractors about changing fuels from conventional diesel to
renewable diesel (HVO) during the contract periods. (Printz 2021.) The competitive
tendering timetable provides the wider use of renewable fuels if the distribution network is
increasing and new renewables or technologies are developed. Operational reliability
regarding renewable energy would be in a good stage if there would be several fuel options.
2.4.3 The roadmap of the separate collection system
The roadmap of the separate collection system in Eastern and Western Uusimaa concerns
the reform of the waste legislation. The separate waste collection is extended because of the
legislative reform. The extension affects the collection of biowaste and recyclable waste
(glass, metal, plastic, textiles) on urban settlements. The timetable for extension activities is
determined by the legislative schedule. The extension of separate waste collection needs to
be accomplished in stages. Staged extension of the separate collection is better controllable
and manageable. Deadlines for the timetable are straight from the legislation. (Rosk’n Roll
Ltd 2020a.)
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In Eastern and Western Uusimaa, the separate collection requirements for packaging waste
are changing from ≥ 20 households to ≥ 5 households. The present obligation limit (≥ 20
households) concerns 1065 real estates. When the obligation limit changes to ≥ 5 households,
the packaging waste collection concerns 2700 real estates. The growth is significant, and
Rosk’n Roll Ltd has planned to implement the collection in two stages. In the first stage are
the requirements of the separate waste collection adapted to ≥ the 10 households limit, when
922 housing cooperatives are attending to the separate collection of packaging waste. In the
second stage, 735 real estates are attending to the separate collection of packaging waste.
(Rosk’n Roll Ltd 2020a.)
The waste legislation reform considering biowaste affects the cities of Porvoo’s, Lohja’s,
and Vihti Nummela’s separate collection in urban settlements. In these urban settlements are
over 10 000 inhabitants. The separate collection of biowaste is arranged for all real estate.
That 10 000 inhabitants limit is in new legislation. The separate collection of biowaste is
meaningful if there is a desire to increase the waste recovery rate. From the cost point of
view, the separate collection of biowaste is not feasible to extend on dispersed settlements.
Legally the separate collection must be arranged at the real estate by the 1st of July in 2024.
Rosk’n Roll Ltd has planned also to implement biowaste collection transition in stages,
starting from real estate’s where there are 3-4 households. (Rosk’n Roll Ltd 2020a.)
In Eastern and Western Uusimaa most of the inhabitants (66%) are living in small real
estate’s where are 1-2 households per real estate. There is a demand for increasing the
recycling rate in small real estate’s when the separate collection system needs to be
executable for those circumstances. Inhabitants need to be encouraged to source separate
sorting and recycling. One option for promoting is a decent fee for waste collection. There
is a need for fee examination and consideration on how the substitution of fees should be
done. (Rosk’n Roll Ltd 2020a.)
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3

REFORM OF THE WASTE LEGISLATION

The reform of the waste legislation is affecting municipal waste management in the EU area.
EU directives are the basis of Finnish legislation. There are obligations concerning the
separate waste collection. EU has set targets for the separate collection to increase the
recycling rate in the EU. There is a demand for all EU countries to contribute to the
development of waste recycling. Reform of the waste legislation is based on the strategy to
create a circular economy in the EU area. Waste management has an important role in the
circular economy. A concrete objective schedule for changes in the separate collection of
waste is in EU Directives.

3.1 EU
The purpose of the EU waste policy is to promote the circular economy by improving the
material recovery from waste. In the EU, the legislative framework for managing and
treating waste is the Waste Framework Directive, Directive 2018/851 on waste and repealing
certain Directives. In the Directive are set some basic principles of waste management.
Waste management should not harm the environment or endanger human health. There
should not be any risks to air, soil, water, animals, or plants when managing the waste. Odors
and noises should not cause inconvenience. The definition of waste, secondary raw material,
by-products, extended producer responsibility, and the waste hierarchy is explained in the
Directive. The waste hierarchy is an order of preference. The waste hierarchy is the five-step
procedure, where the first intention is to prevent producing waste, secondly, the waste
material should be prepared for re-use, thirdly the waste material should be recycled, fourthly
the waste should be recovered and as the last option, the waste should be safely disposed of.
(European Commission 2021a; European Commission 2021b.)
To meet the objectives of the Directive, EU countries should take necessary actions to meet
the targets. By 2020, the target was to increase the household’s recycling of waste materials
(such as plastic, paper, metal, and glass) minimum of overall 50 % by weight. By 2025, the
target is to increase the recycling and re-use of a municipal waste minimum of 55 % or more
by weight. The target is a minimum of 60 % to recycle and re-use the municipal waste by
2030. By 2035, the recycling and re-use of municipal waste should be at least 65 % by
weight. (European Commission 2021b.) There is a demand for comprehensive actions to
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meet these targets because only 38 % of waste is recycled in the EU (European Commission
2021a). Different strategies have been formed in the EU to meet these targets and improve
waste management.
One of the EU’s strategies related to waste management is the circular economy action plan.
The first plan was launched by the European Commission in 2015. The plan aims to advance
Europe in a circular economy. There are 54 ambitious and concrete actions to reach the
circular economy covering the whole life cycle. Waste management is included in the plan.
A new Circular Economy Action Plan was adopted by the European Commission in 2020.
(European Commission 2021c.)
The most important Directives related to this research are presented shortly. Directive
2018/851 amending Directive 2008/98/EC on waste was introduced above. There is a
Directive 2006/66/EC on batteries and accumulators and waste batteries and accumulators
and repealing Directive 91/157/EEC where are regulated rules for placing on the market
accumulators and batteries and rules considering the waste management of batteries and
accumulation. The overall objective of the Directive 1999/31/EC on the landfill of waste is
to guide for protecting the environment and avoiding the pollution and risk for human health
from landfilling of waste. The Directive gives also technical requirements for the applicable
landfills. Directive (EU) 2018/852 (and 94/62/EC) objectives are to agree on the packaging
and packaging waste management and prevent any impact on the environment on EU
countries and in third countries.
At the beginning of 2025, all EU member countries are obligated to the separate collection
of textiles and hazardous waste from households. The separate collection of biowaste must
be extended for all households by 31 December 2023. The alternative option for households
is to compost the biowaste. (Directive on waste, article 10, section 6, subsection b, article
20, section 1, article 22, section 1.)

3.2 Finland
In Finland recycling targets considering municipal solid waste are 55 % in 2025 and in 2035
it is 65 %. In recent years, the recycling rate has been 41-43 % (of the weight), so there is a
necessity for more effective source separation. Especially, the recycling of biowaste must be
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increased significantly. Recycling targets of the packaging waste are tightening in stages
from the present 55 % to 70 % by the year 2030. There are specific targets for all packaging
materials. (Ympäristöministeriö 2021b.)
The government proposal would extend the separate waste collection significantly from the
present. Different waste fractions should be sorted and collected separately for recycling and
recovery. It would be forbidden to transfer separately collected waste to a landfill or waste
incineration. The proposal concretely means that the separate collection of biowaste would
be increased in all urban settlements where there are 5 households in real estate by July 2022.
The extension of the separate collection of metals and packaging waste should be
implemented by July 2023. By July 2024, the extension of biowaste would affect all
households of urban settlements of 10 000 inhabitants. The regional reservation of textile
waste would start by the beginning of 2023. (Ympäristöministeriö 2021b.)
Municipalities would arrange the competitive tendering of the separate collection for
biowaste, metal, and packaging waste. The transport system would be changed in
municipalities where competitive tendering was the responsibility of the owner of real estate.
Municipalities should arrange a competitive tendering for metal and packaging waste latest
by two years of law entry into force. The competitive tendering regarding biowaste should
be organized in three years from the reform of legislation. (Ympäristöministeriö 2021b.)
This reform of the waste legislation improves the organizing of separate waste collection in
municipalities, and it is more effective and controllable for municipal waste management
companies. All data of the transportation would be under the control of municipal waste
management companies. There are also uncertainties concerning the quality of data when
there are intermediates in data collection.

3.3 The waste management regulations of Eastern and Western Uusimaa
Waste Management Board of Uusimaa has the responsibility of the authority body’s duties
in Eastern and Western Uusimaa regions. Waste Management Board overlooks the
operability of Rosk’n Roll Ltd. The waste management board issues the waste management
provisions for the regions, permits exceptions to the regulations, specify general decrees of
Waste Act and regulations, approves and makes decisions of the waste fee of households.
Waste management authorities’ tasks are also to make waste transport system decisions,
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maintain the transport register and ensure an equal and fair level of services for the citizens.
(Uudenmaan Jätelautakunta 2021a; Wénden 2019.)
The waste management provisions concern for example waste sorting, collection,
transportation, and how the waste is transported. Waste management provisions are
specifying waste legislation. The waste management board of Uusimaa has approved new
waste management provisions on the 10th of December 2020 and are valid from the 1st of
February 2021. The source separate collection requirements of recyclable materials were
extended on the 1st of July in 2021 when the collection of specified waste fractions is
arranged in all residential buildings where there are at least 10 apartments. (Uudenmaan
Jätelautakunta 2021b, 1; Uudenmaan Jätelautakunta 2020, 4-7.)
Real estate occupants must join municipal waste management, arrange waste room on the
real estate and buy or rent waste containers. There is also another option, real estate which
are in the same neighborhood can have common waste containers. Common waste containers
can be utilized for the collection of mixed waste, biowaste, and recyclable materials. The
waste holder must sort recyclable materials (cardboard, glass, metal, plastic, and paper) from
mixed waste. There must be waste containers for all waste fractions on the real estate if it is
regulated in waste management regulations. If the real estate does not belong to a waste
collection system considering recyclable materials, the waste holder must deliver recyclable
materials to an eco point or a waste management station or center. (Uudenmaan
Jätelautakunta 2020, 4-5.)
A waste container for mixed waste must be in all real estate. In the new source separate
collection requirements, recyclable materials are collected from real estate’s having ≥ 10
households instead of the current ≥ 20 households. New source separate collection
requirements are presented in table 4. Requirements considering mixed waste and bio waste
are the same as before. Source separate collection requirements of biowaste do not concern
urban settlement areas and households where biowaste is composted. All real estates, which
are not obligated to source separate collection requirements, can join the municipal waste
collection system voluntarily. (Uudenmaan Jätelautakunta 2020, 6-7.)
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Table 4. The separate collection requirements for residential buildings (Uudenmaan Jätelautakunta 2020, 6).

The separate collection requirements
≥ 1 household

≥ 5 households

≥ 10 households

obligatory

obligatory

obligatory

Biowaste

-

obligatory

-

Cardboard

-

-

obligatory

Glass

-

-

obligatory

Metal

-

-

obligatory

Plastic

-

-

obligatory

The waste fraction
Mixed waste

The collection intervals of waste containers are determined in waste management provisions
for residential buildings. The waste container is emptied on the stated day. The emptying
day may change exceptionally, for example on holidays, or if the waste truck is broken. The
longest permissible emptying interval for mixed waste is two weeks. If the biowaste is
composted or separately collected, as well as packaging waste is sorted and taken to eco
points, the collection interval of mixed waste can be extended. (Uudenmaan Jätelautakunta
2020, 11-12.)
Considering detached houses and rowhouses (max. 2 apartments), the collection interval for
biowaste is two weeks. If there are more than two apartments on the real estate, the collection
interval for biowaste is one week in summertime and two weeks in wintertime. The
collection interval for glass and metal is 26 weeks. For cardboard and plastic, the collection
interval is 12 weeks. Recyclable materials, for example, considering the four-compartment
container, the collection interval is 12 weeks. The collection of paper is managed by
producers therefore it is not written in the waste management regulations. If the container is
a two-compartment container for mixed waste and biowaste, the collection interval is two
weeks. The collection interval for the leisure homes is different than for permanent
households. Waste containers of leisure homes must be emptied regularly at least once
during the summer weeks when the part-time household is in use. The collection intervals
of waste containers are presented in table 5. (Uudenmaan Jätelautakunta 2020, 11-12.)
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Table 5. The collection intervals of waste containers for residential buildings (Uudenmaan Jätelautakunta
2020, 11-12).

The waste fraction

The collection interval

Mixed waste

2 weeks

Biowaste, 1-2 households

2 weeks

Biowaste, ≥ 2 households

1 week in summertime (weeks 18-40)
2 weeks in wintertime (weeks 41-17)

Biowaste, underground container, or

2 weeks

cooled biowaste
Glass

26 weeks

Metal

26 weeks

Cardboard

12 weeks

Plastic

12 weeks

Recyclable material (four-compartment

12 weeks

container; glass, metal, cardboard, and
plastic)
Mixed waste and biowaste (twocompartment container; mixed waste and
biowaste)

2 weeks
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4

DIFFERENT IMPLEMENTATION MODELS FOR SEPARATE
COLLECTION SYSTEMS OF WASTE

In this research, different implementation models for separate collection systems of waste
were examined. Examined systems were mainly developing projects of the separate
collection. There is a need for a more effective and sustainable separate waste collection to
meet the recycling targets of the EU. The reform of the waste legislation has set pressure for
the municipal waste management companies to improve the waste management and
recycling rates. Municipalities are researching different separate collection methods and
inventing new services to reach these targets. There are also set new waste management
requirements in the Waste Act for the first time when all municipalities are having the same
obligations. New obligations are affecting the separate collection of packaging waste
(plastic, paper, cardboard, metal, and glass) and biowaste. Therefore, separate collection
systems of packaging waste and biowaste are examined in this study.
The separate collection system of waste should be suitable for Eastern and Western Uusimaa.
The area is mostly dispersed settlement and customers are inhabiting mainly in small real
estates. There are requirements for the system in terms of waste recovery, costs,
performance, regional suitability, and customer viewpoint. The separate collection system
of waste should be cost-effective for the municipalities and inhabitants. With the separate
collection system, the waste recovery should be increased to meet EU targets. The separate
collection system should be technically effective, all collection equipment should be
functioning. The performance of the collection should be efficient and reliable, i.e.,
transports should be carried out on time and in quality. Service promise and response time
should be at least as good as in a standard, current transportation system. The important
aspect is also the customer viewpoint. The service should be easy to assimilate and deploy.
It would be good if the service would motivate customers to sort and recycle more
effectively.
In the following chapters are presented methods and scope of the study. Research methods
are Web-based surveys and interview research. The survey research method and questions
of the Finnish and Swedish web surveys are presented in chapter 4.1.1. The interview
research method and questions of the Finnish interviews are presented in chapter 4.1.2.
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Response rates and speed of Finnish and Swedish web surveys are presented in chapter 4.1.3.
All case projects were divided into two main chapters: 4.2 The separate collection systems
of biowaste and 4.3 The separate collection systems of multiple waste fractions. All case
projects and collection systems are introduced separately in subparagraphs. Introductions of
cases include chapters about the collection equipment and technology, costs, waste recovery
and emissions, and experiences. Finally, there is a summary paragraph (4.4) where are
summarized and compared the most important parameters. The waste recovery, costs,
emissions, and environmental impacts are discussed.

4.1 Methods and scope of the study
Recent and current services and development projects related to separate waste collection in
Finland were surveyed in an empirical part of this thesis. From the EU area is included
Swedish multi-compartment collection systems. Rosk’n Roll Ltd has a similar type of
system, and it is still under development. Sweden was selected because there are very similar
circumstances compared to Finland. The exact location in Sweden is allocated to southern
areas where population densities and weather conditions resemble Western and Eastern
Uusimaa regions. The used methods for empirical research were contacting other municipal
solid waste management companies utilizing digital platforms. The digital survey (Microsoft
Forms application) was sent to case companies and interviews were held on Teams remote
meeting application and phone. Some responses were received through email.
The goal was to reach at least eight different separate collection projects in Finland and three
in Sweden. Appropriate waste separate collection options were mapped and analyzed. Based
on the other systems, suitable separate collection solutions for the Eastern and Western
Uusimaa regions are proposed.
The scope of this study was on household waste, which is separately collected from real
estate. In this research different implementation models for bio waste, and packaging waste
(glass, metal, plastic, paper, and cardboard) were examined. The main elements for the
comparison process are different technical solutions, performance, waste recovery, costs,
experiences, and environmental impacts. Therefore, there is a complex problem to be solved
in this study and it requires analysis of multiple criteria.
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In this study, research methods were a combination of qualitative and quantitative research
methods. The quantitative research method was a digital survey for case companies. Based
on the survey results and specific case projects were implemented qualitative research which
was interviewing. Interviews were half-structured in-depth interviews.
The multi-criteria decision analysis (MCDA) method is used in the decision-making of solid
waste management systems in recent decades. Complex problems can be solved with the
method. The basic idea of the MCDA method is to compare or score different alternatives
and criteria. (Pires, Ana et al. 2018, 239-242.) The MCDA methods are not used in this study
however there has been created an own method with features of several methods. This study
has developed a method of analysis in which different criteria are assessed by scoring them.
In the scoring is utilized the idea of Likert Scale when parameters and features are scored on
a predetermined assessment scale. All the parameters and features were scored with points
between 0-3. If the data of parameter or feature was not achievable, there was not evaluated
that specific parameter, there was utilized the mark N/A (Not Available). In the evaluation
part, all the Finnish case projects were graded. Swedish systems were not analyzed with the
evaluation matrix because the scope of this study was mainly on Finnish projects. The
Swedish web survey was shorter, and interviews were not held therefore gathered data was
not complete and comparable with Finnish case projects. The preliminary estimation was
done based on the results of surveys and interviews. The grading table and evaluation matrix
were designed for the evaluation of projects. Specific evaluation parameters and features
were selected and planned for the demand of Rosk’n Roll Ltd.
4.1.1 Web-based survey research
Web-based survey research is a fast method for data collection. In all types of survey
processes are basic steps: objectives are defined, the population is defined, and a sampling
frame is chosen, the strategy of data collection is designed, a questionnaire is developed,
data is collected, data is managed and analyzed, and the results are disseminated. So, survey
research is a holistic process that needs to be planned well in terms of the success of the
research project. The first step of the survey process is to write a plan. (Sue and Ritter 2007,
2-3, 10.) In this study, a plan was first drawn up for the implementation of surveys and
interviews.
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In the plan is determined the survey objectives. What do you want to find out with the
survey? Objectives need to be specific. Survey objectives define who the survey is directed
at and what is going to be asked. (Sue and Ritter 2007, 18-19.) In this study, the goal of the
survey was to find out practical experiences about collection arrangements and customer
perspectives. In the plan, all questions were categorized under the following themes:
background information and regional suitability, technical features and performance, costs,
GHG emissions, and customer satisfaction.
Web-based surveys were sent to municipal waste management companies in Finland and
Sweden. Eleven separate collection systems of Finland and Sweden were examined. In the
web surveys were 17 questions in the Finnish version and 7 questions in the Swedish version.
In Finnish Web-based surveys were 14 open questions and two multiple-choice questions.
In Swedish surveys were only open questions. The Finnish version of the web survey
template is in Appendix 1. The Swedish version of the web survey template is in Appendix
2.
Finnish surveys included questions about the name of the collection project, when the
experiment was carried out, how many households were attending to the pilot, why the
collection experiment was carried out, what were the goals of the study, and strengths and
weaknesses of the project. In terms of technical data and performance, were asked opinions
of the project executors. How they evaluated the reliability of the collection and waste
recovery of the collection. The waste recoveries of the projects and costs for customers were
asked in the surveys. Surveys also had questions about project cost structure, GHG emissions
of the transportation, driving distances, and fuel usage. Finally, it was asked if there was a
research of customer satisfaction, final reports of projects, and willingness to participate in
the interview.
In Swedish web surveys, the multi-compartment collection was examined. Swedish web
surveys contained questions about the collection area (municipality or region), how many
inhabitants are participating in the collection, and how much the multi-compartment
collection costs for customers. Additionally, the survey contained questions of waste
recoveries, GHG emissions of the transportation, and customer satisfaction.
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4.1.2 Survey interviewing
When goals of the survey are determined, the researcher must first write a sampling plan,
secondly draw up suitable questions, and thirdly choose the survey mode. For example, faceto-face interviews give more flexibility with question content, better response rates, a chance
for long interviews, and visual aids compared to telephone interviewing. (Gubrium et al.,
78.) The project leaders of Finnish cases were interviewed in Teams remote meeting
application. Teams interviews were kind of face-to-face interviews when cameras were on.
Some interviews were held without cameras so the interview can be defined as a telephone
interview. All parties did not want to put a camera on.
The interviews were held after surveys were completed and reviewed. The interview form
included 33 basic questions for all case companies about their projects and personalized
questions if needed. During the interviews were asked also spontaneous questions. The
interview template also contained the same questions as in web surveys. All project
executors did not have all data on web surveys, so everyone had the opportunity to give
information afterward. The template for the half-structured interviews is in Appendix 3. The
interview questions were formulated by categories as in web surveys. These categories were
the background information and regional suitability, technical features and performance,
costs, GHG emissions of the transport, and customer satisfaction. Swedish companies were
not interviewed because this study concentrated on Finnish projects more specifically.
The interview form contained five main categories of questions. Background information
and regional suitability part had 9 questions. The section included questions such as how
broad the collection area was, what kind of housing structure was in the collection area, what
kind of inhabitants and families were living in the area, information on sorting habits of
inhabitants, and was the service implemented as a part of the current system. The technical
features and performance part contained 7 questions about the emptying time of waste
containers, waste recoveries, collection equipment, other technical devices, and software,
and the number of drivers. The costs part included 10 questions of cost structure, level of
expenditure, investments, and procurements. The cost part also contained questions about
costs for the customer and other stakeholders. The GHG emissions of transportation part
contained questions considering GHG emissions of collection, how emissions were
calculated, and what kind of assumptions were made in calculations. The last interview part
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contained questions about customer satisfaction as following: who the target group of the
survey was, what kind of results were obtained, whether the focus groups had dissenting
opinions, and why. Finally, they were asked if they received development proposals from
stakeholders.
4.1.3 Response rates and speed
Regarding response rates, online studies are divided into two types in literature: Web-based
surveys and e-mail surveys. There are broadly acceptable response rates. The appropriate
response rate is usually 50 %, a good response rate is 60 %, and a very good is 70 %.
According to the literature, the response rate for email surveys is between 24 % and 76 %.
The response rate for Web-based surveys averages 30 %. (Sue and Ritter 2007, 7-9.) In this
study, the response rate for the web surveys of Finnish projects was 100 %. The participation
in the interviews of Finnish projects was also 100 %. The response rate for the web surveys
of Swedish projects was 37.5 %. In terms of Finnish projects, the average response speed
from Web-based surveys was 136 minutes. The average response speed from Swedish Webbased surveys was 24 minutes. An average of 60 minutes was spent on interviews with
Finnish project executors.

4.2 The separate collection systems of biowaste
In this chapter four development projects specialized in the separate collection of biowaste
are presented. Bioneeri project is implemented in Päijät-Häme Region and is offered for
detached house customers. The composter as a waste container is developed in the city of
Kuopio and is served for detached house customers. The biowaste group collection with a
ventilated container is a new service for household customers and is offered for detached
houses and small housing cooperatives. The collection system of the two-chamber truck is a
permanent and long-lived collection method where is collected the biowaste and mixed
waste from detached houses in dispersed settlements.
4.2.1 Bioneeri
Bioneeri is a separate collection experiment of bio waste, and it is coordinated by the
municipal waste management company Salpakierto Ltd. Salpakierto Ltd is owned by 10
municipalities in the Päijät-Häme region. Around 200 000 permanent inhabitants are living
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in the operational area. Bioneeri project is a part of the bigger Biosykli - Päijät-Häme
biobased circular economy scheme. The Biosykli scheme aims to improve the utilization of
biobased materials. (Salpakierto Ltd 2021a; Salpakierto Ltd 2021b.)
Bioneeri service project is experimentation of collecting biowaste from the households.
Bioneeri service is served for the inhabitants living in detached houses in the city of Lahti.
The operational model is based on the concept where biowaste is separately collected from
the detached houses by a smaller car because it causes less GHG emissions than a
conventional waste truck. There is an exception for a sorting instruction in the project when
only the biowaste of the kitchen is permitted to add to a waste container. The purpose of this
exception was to research the composition of kitchen waste and how it changes during the
experiment. Seven residential areas were selected for Bioneeri project. Residential areas for
the project were selected because all those areas have a lot of detached houses. The project
was implemented from week 38 in September 2020 to week 36 in September 2021.
(Salpakierto Ltd 2021c, Karlström and Kyhyräinen 2021a.)
Collection equipment and technology
In Bioneeri project, there are two types of collection methods: the small containers (figure
5.) are emptied with a smaller car, and basic waste containers are emptied with a bigger
waste truck. A total of 226 households participated in the project. Of these, 195 households
received small containers (35-50 l) and 31 households basic waste containers (240 l). These
customers who have the basic waste container are called “Bio links”. Every two weeks,
biowaste is collected from the small container customers and transported and emptied to the
waste containers of Bio links by a van. The waste containers of Bio links are emptied by a
waste truck every two weeks. For the customers were provided an indoor waste bin (figure
5.) and biodegradable paper bags (Jubilo). Protective biowaste bags (Bioska) for the outdoor
waste containers were distributed. Project customers can change the emptying interval of the
mixed waste maximum to 16 weeks. (Salpakierto Ltd 2021c, Salpakierto Ltd 2021e,
Karlström and Kyhyräinen 2021a.)
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Figure 5. A small container and indoor biowaste bin (Salpakierto Ltd 2021e.)

The separate collection of small containers was done in two working days by a van. In
collection and transportation needed one driver per car. The ergonomics of the emptying
small containers were planned carefully because the driver must lift small containers from
the ground by hand. There was no need for collection equipment related to the collection
ergonomics. Salpakierto Ltd coordinated the routing of a van and the transportation
contractor did the routing for a waste truck. The new mobile application was created for the
routing of a van. (Karlström and Kyhyräinen 2021a.)
Costs, waste recovery, and emissions
The real estate owners are tendering out the separate waste collection considering the mixed
waste and energy waste in the city of Lahti; therefore, all the costs are not accessible. The
data for a waste management cost is not available (€/a). (Karlström and Kyhyräinen 2021a.)
Bioneeri service’s cost structure is not either available either, however, probably those are
accessible for project executors when the project is finished. There is a possibility that
Salpakierto Ltd must negotiate with contractors about the information of costs.
The cost of service for a small container customer is 169 €/a, so one emptying costs 6.50 €.
Costs are lower to Bio links, as 130 €/a, one emptying being 5.00 €. Karlström and
Kyhyräinen regard the service cost as competitive. Costs are lower to Bio links because they
have a responsible and important role. Approximately 27 small container customers’
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biowaste is collected into one Bio links waste container. The estimation was done by
dividing 195 small container customers into 7 residential areas. The estimation of Bio links
per residential area was done by dividing Bio link customer amount 31 by 7 residential areas
when the result is around 4 Bio links per residential area. Other costs, for example, costs of
different waste containers, other collection equipment, trucks, a van, drivers’ salaries are not
available because transportation contractors are managing collection activities. Transport
contractors are providing collection equipment, collection, and transportation for the
customers. (Karlström and Kyhyräinen 2021a.) Bioneeri piloting is continuing until
September 2021, thereby there is a lack of information, and all the information is not valid
until the project is finished and results are analyzed.
The waste recovery of Bioneeri piloting was 22.162 tons by 18 February 2021 (Kyhyräinen
2021b). These midterm results were not analyzed by the project executors; therefore, as
follows some estimations and calculations. If the waste recovery of 22.162 tons is divided
between all 226 piloting households, the waste recovery for a household would be 98.06 kg.
The midterm period was 22 weeks, hence calculating the waste recovery for one week is
calculated as 22.162 tons divided with 22 weeks, when it is around 1.007 t/week. The waste
recovery per household would be around 4.50 kg/week (98 kg /22 weeks). Then estimation
for an inhabitant would be around 1.50 kg/week/inhabitant. In the calculation, the average
of inhabitants living in households in Finland has been utilized. The average size of a
household is around 2.5 inhabitants per household (Official Statistics of Finland OSF 2019.)
Therefore in this study, the figure is rounded to 3 persons per household. There were
published new data of waste recovery on 6 May 2021. The waste recovery was 32.123 tons
when the midterm period was a total of 32 weeks. There were completed new calculations
and the waste recovery was almost the same as before, around 1.50 kg/week/inhabitant.
Salpakierto Ltd has carried out waste composition research during the project. The waste
composition research was performed for mixed waste, energy waste, and biowaste. The
purpose of the biowaste composition study was to figure out how customers are sorting their
biowaste. The biowaste was sorted correctly around 55 %. The share of food loss was 44 %.
There was only 1 % of materials that did not belong to biowaste. Regarding the composition
study of mixed waste and energy waste, two studies were executed: one before piloting and
in the mid of piloting. As a result of the first composition study of mixed waste, there were
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around 60 % of biowaste in the mixed waste. The share of biowaste was around 28 % in
mixed when the second study was held. (Salpakierto Ltd 2021d.)

The information on used fuel in transportation was not available. Salpakierto Ltd has
reported on their web pages that the waste truck stops have been decreased 86 %. The
effectiveness of waste trucks has been 248 stops per 1800 detached house inhabitants. It is
good that the use of waste trucks has been reduced because it affects emissions positively.
The utilized van in the collection is lower emitting than waste truck therefore the impact on
emissions is better. The argument is founded on the assumption that all the customers would
have their own 240 liters’ waste container and it would be emptied every two weeks by a
waste truck. (Salpakierto Ltd 2021d.) LUT University is going to write a research article on
transportation emissions considering Bioneer piloting. LUT University is going to do the
emission calculation. Results and the research article were not finished and available for this
study.
Experiences
In the survey, project executors gave an estimate of the success of the project on the
evaluating scale of 1-5. Salpakierto Ltd evaluated that the reliability of the project, including
equipment, service promise, and service response time, with a grade of 5. The waste recovery
and recycling rate were evaluated in the survey, and the company gave a grade of 4. The
grade of waste recovery was lower because project executors were not satisfied with the
results of the composition research. There was biowaste in mixed waste which affected the
grade. Kyhyräinen estimated that the strengths of the project were a lower-emitting car in
transportation, the amount of biowaste decreased in mixed and energy waste, the collection
equipment has been good, bin emptyings are working well (not so many customer contacts).
The weakness of the project was that the residents involved in the project lived quite apart.
from each other. The collection could be more effective if customers are living close to each
other. (Kyhyräinen 2021b.)
Bioneeri piloting was a new service and most of the customers did not sort or recycle their
biowaste before the project, so the project’s executors were satisfied with the project. The
project seemed to inspire and encourage customers to recycle biowaste. The survey of
customer satisfaction got good results. The customer satisfaction was good during the
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piloting: 99 % of the customers were satisfied with the separate collection of biowaste. 96
% of customers want to continue the separate collection of biowaste after the piloting period.
(Karlström and Kyhyräinen 2021a.; Kyhyräinen 2021b.)
4.2.2 The composter as a waste container
Jätekukko Ltd developed a project where the composter was used as a biowaste container.
Jätekukko co-operated the pilot with Biolan Ltd. Biolan Ltd developed the composter and
other items for the project. Jätekukko Ltd is a municipal waste management company and
operating in the city of Kuopio and the surrounding municipalities. Jätekukko Ltd is owned
by 16 municipalities in the area. There are 215 000 inhabitants living in the operational area.
In 2019, 48 % of households were composting their biowaste. (Jätekukko Ltd 2019a, 2, 1819.)
The project “The composter as a waste container” was implemented from the 1st of
September 2019 till the 31st of August 2020. The purpose of the project was to develop a
composter that can be emptied into a waste truck if there are customers who do not want to
compost their gardening waste. During the project, customers were sorting household
biowaste and gardening waste to a composter. Composters were emptied into a waste truck
two to three times a year. There were 50 households attending from two municipalities,
Kuopio and Siilinjärvi for the pilot. Both piloting residential areas were in the urban
settlement. All the 50 pilot households were small estates: detached houses, or rowhouses.
(Jätekukko Ltd 2019b; Malinen 2021a.) The exact number of inhabitants attending to a
project was not available, therefore here are some estimations based on the customer
satisfaction study of Jätekukko Ltd. In a customer satisfaction study was asked the number
of family members in pilot households (Malinen 2021c.). There are uncertainties considering
the number of family members because one option was to choose an alternative ≥ of 5 family
members. Therefore, the estimation was done utilizing the number of 5 considering big
families. The calculated number of inhabitants is then 170 inhabitants attending to the pilot.
All the calculations are done based on the number of 170 inhabitants.
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Collection equipment and technology
A custom-made Biolan composter was tested for a separate collection of biowaste and
gardening waste in the project. For the customers was given also other equipment for
composting purposes, a litter material, and a specific stick for mixing the compost. Biolan
Ltd designed a specific cart for composter emptying because composters are very heavy. It
is not possible to move the composter by hand as you would waste containers normally. The
waste truck for composter emptying was a basic waste truck for separate biowaste collection.
Specific routing for a separate collection of compost was done for the project. The collection
process needed two drivers in the waste truck, because of the heavy compost. The emptying
of compost was compulsory during the project for all pilot households. (Malinen 2021a.)
Costs, waste recovery, and emissions
Jätekukko Ltd offered the service and equipment for customers without payment during the
pilot period. The bin emptying cost was estimated, and it would be multiple times higher
than basic biowaste bin emptying if the service would be adapted as it was implemented.
The emptying interval is 17 or 26 weeks hence the emptying cost could be feasible. If the
emptying cost would be 20 €/emptying, then yearly emptying costs could be approximately
40-60 €/a. All the project costs or costs are not public. The cost estimation of the collection
equipment was done based on the information of Biolan Ltd’s website and is presented in
table 6. The custom-made composter cost is not available. Biolan’s composters are usually
over 300 € per composter (Biolan Ekoasuminen Ltd 2021a). Litter material was added to
composters during the pilot. The consumption of litter material was 4-5 bags for one
household for a one-year demand, a total of 120-150 liters. The litter material costs normally
11,50 € per bag, and its quantity is 30 liters per bag (Biolan Ekoasuminen Ltd 2021b). The
cost of litter would be then 46-57,50 €/a/household. The compost needs mixing, and the
mixing tool was used during the project. Biolan’s mixing stick costs 19,90 € (Biolan
Ekoasuminen Ltd 2021c). The equipment’s cost estimation with the above-mentioned costs
would be ≥ 319.90 €. The cost of the emptying cart was not available, because the product
is not publicly available and is a business secret. (Malinen 2021a.)
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Table 6. Costs for the compost and other equipment (Biolan Ekoasuminen Ltd 2021a-c.).

Costs for the compost equipment
Tool

Cost

The composter

≥ 300 € (estimation)

The mixing tool

19.90 €

Totally

≥ 319.90 €

Municipalities are tendering out the waste separate collection in the operational area of
Jätekukko Ltd (Malinen 2021a). Therefore, the data on waste recovery was available. The
waste recovery was given in the form of kilograms per composter. The amount of waste
included biowaste, gardening waste, and litter material. There is also decomposition
happening in the composting process which affects waste recovery. The total waste recovery
is calculated here. The estimation of waste recovery in one composter was 50-70 kilograms
per emptying (Malinen 2021b). There were 2-3 emptyings per year (Malinen 2021b), thereby
the waste recovery for the project would be between 5000-10 500 kilograms when the range
is wide. The average of this total waste recovery would be then 7800 kg/a. Calculated waste
recovery per inhabitant would be then between 30-60 kg/a. The average waste recovery per
inhabitant is around 45 kg/a. The waste recovery was calculated for an inhabitant per week
when it is approximately between 0.60-1.20 kg. The average waste recovery for one
inhabitant per week is 0.9 kg. The compost material was composted at Gasum Ltd, and the
quality was good for the waste treatment (Malinen 2021a). The GHG emissions of the
transportation were not monitored during the project. In the transportation were used a
conventional diesel by EURO 6 trucks. (Malinen A. 2021.)
Experiences
In the survey, project executors gave an estimate of the success of the project on the
evaluating scale of 1-5. Jätekukko Ltd evaluated that the reliability of the project, including
equipment, service promise, and service response time, with a grade of 4. The waste recovery
and recycling rate were evaluated in the survey, and the company gave a grade of 5. One of
the main strengths of the project was that project executors were active with the development
work and are oriented to improve the concept. The service is not offered for customers
currently, because there is a need for development. Few reasons were affecting the decision.
The service would be too expensive for all stakeholders as it was implemented. The
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emptying of the composter was challenging. In collection activities two drivers were needed
so the emptying time would be double by one employee. The emptying process of the
composter had many phases when it took a lot of time. The composter was heavy, so it was
not very safe to handle it. Another weakness was that the project ended before there was a
chance to try the emptying in cold winter. The biowaste usually gets frozen during cold
winters. There was no chance to test the issue. (Malinen 2021a.)
The participants for the project were easy to find, many customers were interested in the
pilot. Jätekukko Ltd carried out a study of customer satisfaction. The response rate was 98
%. Most of the customers have not composted before the pilot. 70 % of the customers
responded that they could need a service for compost emptying if the service would be
available. Most of the customers, around 95 %, would like to use compost in the future. 98
% of customers continue biowaste sorting and recycling. Customers were satisfied with the
communication and information. Communication and information of the project for
customers included two info events, six information emails, and text messaging one day
before emptying. (Malinen 2021a.) The transport contactor’s opinion was that the concept
should be developed when the emptying would be safer and feasible with one employee.
4.2.3 Biowaste group collection with a ventilated container
The ventilated container for biowaste group collection is implemented by a municipal waste
management company Loimi-Hämeen Jätehuolto Ltd. Loimi-Hämeen Jätehuolto Ltd is
owned by 16 municipalities, and the main office locates in the city of Forssa. (Loimi-Hämeen
Jätehuolto Ltd 2021a.) There are 135 000 inhabitants in the operational area of LoimiHämeen Jätehuolto Ltd (Loimi-Hämeen Jätehuolto Ltd 2019, 16).
The municipality is tendering out the biowaste collection in 11 municipalities and real estate
owners are tendering out the biowaste collection in 5 municipalities, which is affecting a
new biowaste service. In the future, competitive tendering is transferred entirely to
municipalities, making it more manageable to provide services to the customers. (Naatula
2021b.) The service of ventilated containers in biowaste group collection started in March
2020. Approximately 270 households attended a biowaste group collection during the year
and 90 % of the households (243) selected a ventilated container. The service is provided for
customers living in detached houses, rowhouses, and small apartment buildings in suburban
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settlements. The purpose of the service is to encourage customers to sort and recycle
biowaste and offer a cost-efficient service for the customers. (Naatula 2021a.)
Collection equipment and technology
The ventilated container (figure 6) in the biowaste group collection is different from the
basic biowaste container. The ventilated container has punched sides and two valves in the
bottom. This structure provides ventilation so the moisture of the biowaste evaporates in the
air. The purpose of the ventilation is that the biowaste would be drier, more hygienic, weigh
less, and not get frozen. The ventilation prevents bad odors of the biowaste. (PWS Finland
Ltd 2021a.) Loimi-Hämeen Jätehuolto Ltd is selling a ventilated container for the biowaste
group customers with a quantity of 140 liters or 240 liters (Naatula 2021a). Customers are
recommended to buy the bio shelf for the container. The bio shelf makes the handling of
biowaste easier. When the bio self is used, the biowaste is drying and cooling better. The
biowaste bag is placed on the bio self. It is stored there until the next biowaste bag is brought
to a container and the previous biowaste bag is dropped on the bottom of a container (figure
6). There is no need for a protective sack in a ventilated container (Loimi-Hämeen Jätehuolto
Ltd 2021c). When the biowaste container is emptied, the bio shelf turns automatically up
and is not preventing emptying. (PWS Finland Ltd 2021b.) Loimi-Hämeen Jätehuolto Ltd
is offering customers a package of biowaste bags and a bagholder in the kitchen if a customer
is buying a ventilated container. The bagholder is a small ventilating waste container (figure
7) and is available in a volume of 8 liters. A biowaste paper bag is also available in a volume
of 8 liters. The biowaste paper bag is made of wet-strength paper and it is very durable
(Jubilo Ltd 2021).
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Figure 6. The ventilated container for biowaste (PWS Finland Ltd 2021b.)

Figure 7. The ventilating container and a biowaste paper bag for a kitchen (Jubilo Ltd 2021.)

The emptying of biowaste is done with a basic waste truck and takes the same amount of
time as emptying the basic biowaste container. Emptying ergonomics of a ventilated
container is better than a basic biowaste container because the weight of a container is much
lighter due to ventilation. The ventilated container worked well in all weather conditions.
The ventilated container does not need dense emptying. (Naatula 2021b.)
Costs, waste recovery, and emissions
The biowaste group collection with a ventilated container is a new, continuous service. Costs
of the service are presented in table 7, where are cost estimations for small biowaste groups.
The cost of the service is divided between households that are attending for a biowaste group
collection. It is recommended that one or two households are sharing a ventilated container
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of 140 liters. The emptying cost for a ventilated container of 140 liters is 6.94 €/emptying
including taxes of 24 %. If the emptying interval is four weeks, there are approximately 13
emptyings per year when the total cost for emptying is 90,22 €/a. The ventilated container
enables a longer emptying interval. Loimi-Hämeen Jätehuolto Ltd is selling a ventilated
container (140 l) for a cost of 89.00 € which includes a piece of the false bottom, rubber
soles, a ventilated container for a kitchen, and one bundle of biowaste paper bags (Naatula
2021b). There is also an option to choose a 240 liter ventilated container but it is
recommended only for housing cooperatives where inhabitants ≥ 10 customers. The
customer can also rent a ventilated container of 140 liters for a cost of 4.00 €/month or a
container of 240 liters for a cost of 4.40 €/month. The cost of a bio self is included in the
renting cost if the customer wants to have one. A ventilated container for a kitchen costs
4.00 €, a bio shelf costs 10.00 €/piece, and biowaste paper bags cost 8.00€/bundle of 80 bags.
(Loimi-Hämeen Jätehuolto Ltd 2021b, 13; Naatula 2021c.)
It is estimated that the biowaste paper bag needs to be emptied every three days to ensure
the best functionality of the biowaste sorting. Based on this argument, the demand for
biowaste paper bags for a week and a year was estimated. The demand for a week is around
3 bags and for a year around 122 bags. The demand for the bundles of biowaste paper bags
is around 2 bundles per year. There are two cost estimations of service: if a customer is
buying the ventilated container or if a customer is renting a ventilated container. It is assumed
that customers are buying bio-shelf, ventilated containers for the kitchen, and biowaste paper
bags. The cost estimate has assumed that the customer will buy only one bundle of bags
because one already came with the container. All the calculations were performed in excel.
Results are presented in table 7. As can be seen from the results, buying the container is a
more expensive option for a customer during the first year of service. After one year, the
buying option is already cheaper than renting option. There are only the service costs 106.22
€ per year in buying option after the investments. A ventilated container is a single
investment for a customer and can be assumed that a container withstands the use for several
years.
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Table 7. Costs for the small biowaste group collection with a ventilated container and related equipment
(Loimi-Hämeen Jätehuolto Ltd).

Costs for the small biowaste group collection with a ventilated container
The demand for biowaste paper bags
The demand for biowaste paper bags per week**

3 pcs

The demand for biowaste paper bags per year***

122 pcs

The demand for bundles of biowaste paper bags per year****

2 pcs

Cost estimation when buying the container (first year)
Tool/service

Cost

The ventilated container (incl.

a piece of the false bottom, rubber soles, a ventilated

89.00 €

container for a kitchen, and one bundle of biowaste paper bags)

The emptying cost for a one emptying

6.94 €

The emptying cost for a year*

90.22 €/a

The cost of a bundle of biowaste paper bags (80 pcs in a bundle)

8.00 €

The Bio shelf

10.00 €

Totally (per biowaste group)

197.22 €

Cost estimation when renting the container
Tool/service

Cost

The renting cost of ventilated containers per a month

4.00 €

The renting cost of ventilated containers per a year

48 €

The emptying cost for a one emptying

6.94 €

The emptying cost for a year*

90.22 €

The cost of biowaste paper bags for a year (2 bundles)

16.00 €

Totally (per biowaste group)

154.22 €

*Calculated as 6.94€ times 13 emptying/a. **Calculated as 7 days divided by 3. ***Calculated as 2,33 times 52 weeks.
****Calculated as 121,3 pcs divided by 80 paper bags.

The effects of the new service cannot be seen yet in the total biowaste recovery. The
volumetric efficiency was approximately 80 % of ventilated containers. A full ventilated
container weighs approximately 60 kg therefore the average weight for a ventilated container
is 50 kg (80% full). (Naatula 2021b.) The total biowaste recovery can be estimated by
utilizing the weight of one container (50 kg), the number of emptyings per year (13), and the
number of households attending to service with a ventilated container (243). Calculated
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biowaste recovery for a year would then be around 160 tons considering a ventilated
container collection. The average waste recovery per one bio group (two households) is then
650 kg/a when the average waste recovery for a week is 13 kg per bio group. The average
waste recovery for one household is then 6 kg/week. If it is assumed that the average number
of inhabitants, three persons are living in one household, then the average waste recovery
for one person is roughly 2 kg/week.

The GHG emissions of the service were not monitored. Conventional diesel was used in
transportation. The availability of renewable fuels is poor in the operational area of LoimiHämeen Jätehuolto Ltd therefore the company cannot oblige contractors for the use of
renewable fuels. (Naatula 2021b.)
Experiences
In the survey, project executors gave an estimate of the success of the project on the
evaluating scale of 1-5. Loimi-Hämeen jätehuolto Ltd evaluated that the reliability of the
project, including equipment, service promise, and service response time, with a grade of 5.
The waste recovery and recycling rate were evaluated in the survey, and the company gave
a grade of 5. A ventilated container has been a good container. The service is cost-efficient
because containers were almost full. The survey of customer satisfaction was carried out in
spring 2021. The target group of the survey was all real estate customers attending the
service. Respondents were from all real estate types: detached houses, rowhouses, and
housing cooperatives. The survey was sent to 100 households in the area. Of the survey
respondents, 75 lived in detached houses, and the rest in rowhouses and housing
cooperatives. 77 households responded to a survey so the response rate was 77 %. Basic
information and customer satisfaction were asked in the survey. Respondents also evaluated
collection devices and all results were good hence over 4.00 in the rating of 1-5. The
ventilated container got a grade of 4.5 which is a very good result. The satisfaction with
service was 4.59 which is a very good result.
4.2.4 The collection system of the two-chamber waste truck
The collection system of the two-chamber waste truck is coordinated by a municipal waste
management company Etelä-Karjalan Jätehuolto Ltd, and the main office is in the city of

52

Lappeenranta. The company is owned by 9 municipalities. There are approximately 127 000
inhabitants in the operational area of Etelä-Karjalan Jätehuolto

Ltd. (Etelä-Karjalan

Jätehuolto Ltd 2021a.)
There is a service for customers where biowaste and mixed waste are collected with a twochamber car (figure 8). This service has been available since 2004. Service is used by 26 000
customers from Imatra, 2900 customers from Lemi, and 45 000 customers from
Lappeenranta. A household customer inhabiting a detached house has an opportunity to get
basic waste containers for biowaste and mixed waste, and containers are emptied at the same
time to a two-chamber car. The collection service is for urban settlements and for areas that
are located by the driving routes. The emptying interval for a mixed waste can be one, two,
four, or eight weeks, and in urban settlements even 6 weeks. The emptying interval for a
biowaste can be one, two, or four weeks in the winter and the summer one or two weeks.
(Etelä-Karjalan Jätehuolto Ltd 2021b.)
Collection equipment and technology
Basic waste containers for biowaste and mixed waste are used in the collection. Customers
can buy a waste container from Etelä-Karjalan Jätehuolto Ltd. The company is selling
biowaste containers in volumes of 80 liters, 140 liters, and 240 liters. Mixed waste containers
are sold in sizes 140 liters, 240 liters, 360 liters, and 660 liters. (Etelä-Karjalan Jätehuolto
Ltd 2021b; Etelä-Karjalan Jätehuolto Ltd 2021c.)

Figure 8. The two-chamber waste truck (Etelä-Karjalan Jätehuolto Ltd 2021).
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Costs, waste recovery, and emissions
The cost of the service varies by municipality. The average waste management cost for a
household customer is approximately 186,51 €/a in the city of Lappeenranta. The average
cost is evaluated with the following details. For detached house customers, the emptying of
mixed waste costs 5.97 €/emptying, and if the emptying interval is four weeks, there are 13
emptyings in a year. The emptying cost for a biowaste is 6.05 €/emptying. If biowaste
emptyings are done with an interval of two weeks during the winter and four weeks during
the summer, there are 18 emptyings per year. (Huovinen 2021.)
The two-chamber car is a cost-efficient collection instrument in dispersed settlements
compared to a basic one-chamber truck (Huovinen 2021). The cost of a biowaste container
(all sizes) is 53.00 euros if the customer picks up the container from the waste center of the
company. Mixed waste containers of sizes 140-240 liters cost 53.00 euros, a container of
size 360 liters 95.00 euros, and a container of size 660 liters 175.00 euros. There is a handling
charge if the container is ordered at home. (Etelä-Karjalan Jätehuolto

Ltd 2021c.)

Considering the two-chamber truck, the waste recovery of one biowaste load is 500-4200 kg
and one mixed waste load is 1000-7000 kg. The mixed waste load is emptied usually more
often than the biowaste load. (Oksman 2021.) The average waste recovery of biowaste load
is then around 2400 kg/load, and mixed waste load is approximately 4000 kg/load. The
mixed waste chamber fills faster than the biowaste chamber. In the future, would be
advisable to rethink the sizes of chambers in the truck. Should the mixed waste chamber be
larger? On the other hand, it would be interesting if the company would arrange the
composition research of a two-chamber collection. Results would tell how well inhabitants
are sorting their waste and what is the amount of biowaste or recyclable materials in the
mixed waste. Would it be possible to increase the recycling rate and reduce the amount of
mixed waste so that the extra emptyings of mixed waste would not be needed? If there are
several extra emptyings, it has an impact on GHG emissions.
Etelä-Karjalan Jätehuolto Ltd is monitoring GHG emissions of the separate collection. In
2020, emissions of all collection activities were 497.8 tCO2ekv. Emissions of the collection
of the two-chamber truck were a total of 79.9 tCO2ekv. The used fuel is conventional diesel
in the separate collection. (Oksman 2021.)
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Experiences
In the survey, project executors gave an estimate of the success of the project on the
evaluating scale of 1-5. Etelä-Karjalan Jätehuolto Ltd evaluated that the reliability of the
system, including equipment, service promise, and service response time, with a grade of 4.
The waste recovery and recycling rate were evaluated in the survey, and the company gave
a grade of 4. The two-chamber collection is effective in residential areas built up with
detached houses and in dispersed settlements. The two-chamber truck is large so it is not
suitable in suburban settlements. There is another challenge with a two-chamber truck, the
chamber for a biowaste is too small if there are large volumes of biowaste to be collected.
(Huovinen 2021.) On the other hand, the waste recovery of mixed waste is larger compared
to biowaste when extra emptying for mixed waste is needed (Oksman 2021). The company
has not surveyed customer satisfaction (Huovinen 2021).

4.3 The separate collection systems of multiple waste fractions
The separate collection systems of multiple waste fractions are presented as following. Two
case projects are the Finnish multi-compartment collection systems, one in Helsinki Region,
and one in Eastern and Western Uusimaa. One of the case projects is a neighborhood
collection in Northern Finland. In the neighborhood collection, the waste management was
arranged with underground containers. Foreign projects were selected from Sweden with a
focus on the multi-compartment collection. All three multi-compartment collection systems
are quite similar in the Helsinki Region, Eastern, and Western Uusimaa, and Sweden. The
multi-compartment containers are from the same supplier.
4.3.1 The multi-compartment system in Helsinki Region
Helsinki Region Environmental Services HSY arranges environmental services in Helsinki
metropolitan area. HSY is an organization which is coordinating municipal waste
management and water supply services for over one million residents. (Helsinki Region
Environmental Services HSY 2021a.) In the operational area of HSY, around 8.9 million
waste container emptyings were done in 2019. (Helsinki Region Environmental Services
HSY 2019, 8.)
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HSY is coordinating a project of the multi-compartment collection from May 2019 to May
2022. The multi-compartment system is piloted in the cities of Helsinki, Espoo, Vantaa, and
Kauniainen. The service is offered for household customers inhabiting detached houses and
rowhouses. Approximately 1000 households were participating in the pilot in 2020. Around
400 households are attending to a collection during the year 2021. Altogether 1400
households are attending to a collection. The idea of the collection is to collect several waste
fractions at the same time. The purpose of the project is to offer more comprehensive waste
management services for small properties. (Helsinki Region Environmental Services HSY
2021b; Valtonen 2021.)
Collection equipment and technology
The collection is arranged with multi-compartment containers where are lockers for four
waste fractions (figure 9). HSY offers a multi-compartment container for mixed waste,
biowaste, plastic packaging, and metal. There are two sizes of multi-compartment
containers: 370 liters and 660 liters. In a container of 370 liters, the locker for a mixed waste
is 140 liters, for plastic packaging is 155 liters, for biowaste is 45 liters and for metals 30
liters. In the bigger container of 660 liters, lockers are 270 liters for mixed waste and plastic
packaging, and biowaste and metal 60 liters. There is a special multi-compartment waste
truck designed for collection purposes (figure 10). The emptying interval is two weeks. The
multi-compartment truck is driven in two shifts. (Helsinki Region Environmental Services
HSY 2021b.)

Figure 9. The multi-compartment container and collected waste fractions of HSY (HSY Ltd 2021b).
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Figure 10. The multi-compartment waste truck (HSY Ltd 2021b).

Costs, waste recovery, and emissions
There are two different costs for the multi-compartment collection service, it depends on the
size of a container. The emptying cost for a container of 370 liters is 12.59 €/emptying and
for a container of 660 liters is 14.56 €/emptying. During the project, the cost included the
emptying of a container, the waste treatment, the rent of the container, and the annual
maintenance of the container. Annual costs for a container of 370 liters is 327.34 € (incl.
taxes) and for a container of 660 liters is 378,56 € (incl. taxes). By comparison, the mixed
waste would cost 247.52 €/a (incl. taxes) with a container of 370 liters. The emptying cost
of a 660-liter container of mixed waste would be 316.16 €/year (incl. taxes). All costs are
calculated according to the 2-week emptying interval. The project executors evaluated that
the cost of the service should be increased that the cost structure of the project would be
more feasible. By the year 2020, the overall costs of the project were around 388 000 euros.
(Valtonen 2021.)
The waste recovery of the project was given from a period 6 May 2019 to February 2021,
considering mixed waste, metal, and biowaste. The waste recovery of plastic packaging was
given from a period June 2019 to February 2021 (65 weeks). The waste recovery was in total
987 tons including 453 tons of mixed waste, 26 tons of metal, 420 tons of biowaste, and 88
tons of plastic packaging waste. (Valtonen 2021.) The waste recovery for a week, for a
household, and for an inhabitant was estimated. Results of calculations are presented in table
8. The assumption was that the waste recovery was given by the end of February when the
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total period of given data is then 69 weeks. Waste recoveries were divided by project weeks
when the weekly waste recovery was available. Yearly waste recovery was calculated and it
was for the mixed waste 341 t/a, for metal 19.6 t/a, for biowaste 316.5 t/a, and plastic 70 t/a.
The waste recovery for a week per household was calculated by dividing the weekly waste
amount by 1000 households. The waste recovery per inhabitant was calculated with the
rounded average number of inhabitants (three persons) living in households. The waste
recovery of mixed waste per inhabitant is then around 2.20 kg/week/inhabitant. The waste
recovery of metal per inhabitant is around 0.13 kg/week/inhabitant. The waste recovery for
a biowaste is then 2.00 kg/week/inhabitant and for plastic packaging is 0.50
kg/week/inhabitant.
Table 8. The waste recovery of the multi-compartment collection in the Helsinki Region.

Waste

kg/week/

kg/week/

kg/week

t/week

total (t)

fraction

inhabitant

household

Mixed

2.20

6.60

6600

6.60

450

Metal

0.13

0.40

380

0.40

26

Biowaste

2.00

6.00

6100

6.00

420

Plastic

0.50

1.40

1400

1.40

88

waste

packaging
The waste recovery (%) is presented in figure 11. Around 43 % is biowaste, 46 % is mixed
waste, 9 % is plastic waste, and 3 % is metal. HSY Ltd is monitoring GHG emissions of the
separate collection. Emissions of the multi-compartment collection were 43 t CO2/a. The
used fuel is conventional diesel. (Valtonen 2021.) GHG emissions for the pilot period (69
weeks) were estimated. Yearly GHG emissions were divided by 52 weeks and then
multiplied by 69 weeks, so overall GHG emissions were around 57 t CO2. The GHG emission
per one tonne of collected waste is 57.8 kgCO2/twaste. The calculated value for GHG emission
for a year is 57.5 kgCO2/a/twaste. Other environmental impacts are considered in the summary
of the most important parameters.
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Figure 11. The waste recovery of a multi-compartment collection in the Helsinki Region.

Experiences
In the survey, project executors gave an estimation of the project’s success on the evaluating
scale of 1-5. HSY Ltd evaluated that the reliability of the system, including equipment,
service promise, and service response time, with a grade of 4. The waste recovery and
recycling rate were evaluated in the survey, and the company gave a grade of 5. Weaknesses
of the project were a low number of multi-compartment trucks, sizes of lockers, emptying
intervals, and expensive containers and that there is only one container supplier. The
challenge in a multi-compartment collection is that there is only one multi-compartment
truck available. If it gets broken, the replacement is difficult. The emptying interval for
biowaste was too long (every two weeks) and for mixed waste too short. The strengths of
the project were good customer satisfaction, sorting went well, waste fractions were pure,
and the quantity of mixed waste decreased by over 60 %. (Valtonen 2021.)
HSY surveyed customer satisfaction in February 2020. 575 households responded to the
survey so the response rate was 57.5 %. The recycling habits of the customers were asked
before and during the pilot. There were asked if locker sizes and collected waste fractions
are suitable for the household. There were also asked if the pilot has changed the waste
management of a household, and 478 of customers (83 %) responded that it has changed it
a lot. After the pilot period, 99.7 % of customers would like to continue the service. 90.2 %
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of customers would recommend the service. (Valtonen 2021.) If the response rate is
calculated from the total number of attending customers (1000), then the “recommendation
rate” would be around 52 %.
4.3.2 The multi-compartment system in Eastern and Western Uusimaa
The multi-compartment collection system has been in use in Eastern and Western Uusimaa
since 2013. Rosk’n Roll Ltd is coordinating a multi-compartment collection as a permanent
service. The company has developed the concept over the years by implementing trial
projects. In the year 2017, an extension development project of a multi-compartment
collection service was implemented. Finnish Ministry of the Environment was supporting
the development project. The purpose of the project was to offer a comprehensive recycling
service for detached house customers. The goal of the study was to make recycling easy for
customers and try to find out how high a recycling rate is possible to reach. (Hedman et al.
2018, 3.)
The company gave customers multi-compartment containers for 10 different waste fractions
(figure 12). Collected waste fractions were mixed waste, biowaste, plastic, metal, glass,
cardboard, paper, textiles, small WEEE, and batteries. The duration of the project was one
year, from June 2017 till June 2018. 190 households participated in the pilot. The average
number of inhabitants per household was 3.4 based on the survey. Therefore, the calculated
number of inhabitants was 646. The pilot was implemented in urban settlements of the cities
of Porvoo and Sipoo. (Hedman et al. 2018, 3-4.)

Figure 12. The multi-compartment containers in the development project in 2017 (Hedman et al. 2018, 1).
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The customer satisfaction was followed in a Facebook channel. A separate survey was also
carried out. The concept was modified based on the feedback. In the new concept, the locker
for mixed waste was enlarged. The collection of textiles, small WEEE, batteries, and paper
were omitted. (Hedman et al. 2018, 3.)
GHG emissions from the experiment were studied. Calculations included the impact of waste
transportation, the processing of waste, and avoided emissions. The result was that the multicompartment collection causes even three times lower GHG emissions than a conventional
waste collection. In Finland, 53 % of MSW is separately collected. In the multi-compartment
collection pilot, the recycling rate of recyclable waste was 78 % (the separate collection rate).
If rejects of the waste treatment facility are observed, the recycling rate is 65 %. (Hedman et
al. 2018, 3.)
Present multi-compartment collection in Eastern and Western Uusimaa
The present multi-compartment collection in Eastern and Western Uusimaa is served in both
areas. Collected waste fractions are mixed waste, metal, biowaste, plastic packaging, glass,
and cardboard. The number of households attending to a multi-compartment collection in
2020 was 2016. (Rosk’n Roll Ltd 2021p). The data of the present multi-compartment
collection was collected from the company. The service cost is presented for the two most
common service models: the multi-compartment container (360 l) with a basic mixed waste
container (240 l), and the multi-compartment container (360 l) with a two-compartment
container for mixed and biowaste (240 l). The first model costs 337 €/a, and the second
model 410 €/a. The emptying interval of the multi-compartment container is usually four
weeks. The mixed waste container or two-compartment container is emptied every two
weeks. The emptying cost is 9.25 €/emptying (two-compartment container), 10.16
€/emptying (multi-compartment container 360 l), or 10.25 €/emptying (multi-compartment
container 660 l). (Klaus 2021.)
Waste recoveries of Eastern and Western Uusimaa are collected separately. In this study,
waste recoveries were summarized and calculations were carried out for the whole area.
Results are presented in table 9. Summarized waste recoveries are presented in the following.
In 2020, waste recoveries of mixed waste were 134.80 t, metal 22.40 t, biowaste 139.40 t,
plastic packaging 61.30 t, glass 39.7 t, and cardboard 86.0 t (Sipilä 2021). Waste recoveries
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were calculated per a week and per inhabitants. Average waste recoveries were for mixed
waste around 0.40 kg/week/inhabitant, metal 0.07 kg/week/inhabitant, biowaste 0.40
kg/week/inhabitant,

plastic

packaging

0.20

kg/week/inhabitant,

glass

0.13

kg/week/inhabitant and cardboard 0.27 kg/week/inhabitant. In 2020, GHG emissions of the
multi-compartment collection were 108 t (Makkonen 2021). The GHG emission per tonne
of waste is calculated by dividing the emission by the total amount of waste. The GHG
emission per one tonne of waste is 224 kgCO2/twaste. Other environmental impacts are
considered in the summary of the most important parameters. Emissions are the same for all
waste fractions.
Table 9. The waste recovery of the multi-compartment collection in Eastern and Western Uusimaa in 2020.

Waste

kg/a/in-

kg/week/

kg/week/

fraction

habitant

inhabi-

house-

tant

hold

Mixed

kg/week

t/week

total (t)

22.3

0.40

1.30

2600

2.60

135

Metal

3.70

0.07

0.20

430

0.40

22.4

Biowaste

23.0

0.40

1.30

2680

2.70

139

Plastic

10.1

0.20

0.60

1180

1.20

61.3

Glass

6.60

0.13

0.40

760

0.80

40

Card-

14.2

0.27

0.80

1650

1.65

86

80.0

1.54

4.60

9300

9.30

483

waste

packaging

board
Total
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Figure 13. The waste recovery (%) of a multi-compartment collection in Eastern and Western Uusimaa in
2020.

The waste recovery (%) of multi-compartment collection in Eastern and Western Uusimaa
is presented in figure 13. The share of collected waste fractions is for mixed waste around
28 %, metal 5 %, biowaste 29 %, plastic packaging 13 %, glass 8 %, and cardboard 18 %.
The multi-compartment system 3.0
The multi-compartment collection system 3.0 is a development project which will be carried
out from the beginning of June 2021 till the end of May 2022. Finnish Ministry of the
Environment is supporting the development project. The purpose of the project is to optimize
the multi-compartment collection and evaluate the collection’s effects on emissions, costs,
waste recovery, and customer experience. Challenges with the multi-compartment collection
have been high costs and emissions. The reason for high costs and emissions is the scattered
collection area. The idea of this development project is to adapt a multi-compartment
collection for all detached houses in one unified residential area. The costs and transport
emissions are therefore optimized. (Rosk’n Roll Ltd 2020c, 1; Rosk’n Roll Ltd 2021n.) It
is interesting to see how negatively responsive customers are reacting to the service. Is the
pilot changing their attitudes towards recycling?
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The residential area is in an urban settlement and there are approximately 290 households
involved in the experiment. Customers get the multi-compartment service at the same cost
as the previous service. The results of the project are not yet available because the project
has just begun. (Rosk’n Roll Ltd 2021n.)
Three waste containers were given for each household in the pilot. One of the containers is
a multi-compartment container (figure 3) for recyclable materials: metals, plastics,
cardboard, and glass. The second waste container is for mixed waste and one ventilated waste
container for biowaste (figure 6). The new recycling method for plastics is researched during
the project; there is an opportunity to sort all plastic materials into a plastic container.
Generally, plastic products are sorted into mixed waste containers. The biowaste container
is also new in the operational area. (Rosk’n Roll Ltd 2021o.) All waste container types are
presented earlier in this study.
There are different sizes for the waste containers that customers can select. The multicompartment container is available in sizes 360 liters and 660 liters. The smaller one is
recommended for households of 1-2 inhabitants. The 660-liter container is recommended for
households with ≥ 3 inhabitants. The ventilated biowaste container is in size 140 liters.
Another option is to compost your biowaste. The third container, for mixed waste, is in sizes
of 240 liters, 360 liters, and 660 liters. (Rosk’n Roll Ltd 2021o.)
The collection intervals are also optimized and planned to prevent emissions of
transportation. The multi-compartment container is intended to empty every four or eight
weeks. The ventilated biowaste container is intended to empty every four weeks. The waste
container for mixed waste is planned to empty every four weeks at the beginning of the
project. The target is to extend the emptying interval of mixed waste to 8 weeks. (Rosk’n
Roll Ltd 2021o.)
4.3.3 The multi-compartment system in Sweden
In Sweden, the recycling rate was 52 % in 2020. Rate includes material recovery of MSW
(33.2 %), recovery of construction material (3.6 %), and recovery of biowaste (16.0 %). The
energy recovery of waste was 46.3 % and the share of landfill disposal was 0.9 % in Sweden
in 2020. (Avfall Sverige 2021.) In Sweden, the most common separate collection system for
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detached houses is the collection with two containers, one for mixed waste and one for
biowaste. The share of this system was 49 % in 2019. There was 19 % of the multicompartment collection in 2019 in Sweden. The collection with one mixed waste container
was done 19 %. Optical sorting of waste was done around 12 % in Sweden in 2019. (Avfall
Sverige 2019, 14.)
Renhållningen Kristianstad
Renhållningen Kristianstad is a municipal waste collection and disposal company in the
municipality of Kristianstad in Southern Sweden. The company serves the multicompartment collection for household customers inhabiting detached houses and holiday
houses. Approximately 25 000 households are participating in the multi-compartment
collection in the operational area. The service cost for permanent residents of the area is
2760 SEK/a including taxes, in Euros approximately 271 €/a. The exchange rate was 10.17
krona per 1.00 euro on 24 May 2021 (Bank of Finland 2021). The service cost for the holiday
houses is 1540 SEK/a including taxes, in Euros, the cost is around 151 €/a. In 2019, the
waste recovery of the multi-compartment collection was following: dyed glass 25.4
kg/household, biowaste 149.3 kg/household, metal 6.4 kg/household, undyed glass 25
kg/household, paper packages 31.1 kg/household, plastic packages 30.6 kg/household,
mixed waste 148.3 kg/household and newspapers 46.5 kg/household. The information on
GHG emissions of the collection was not available. Customers are very satisfied with the
service. (Norrman 2021.)
Two multi-compartment containers are served for the customers (figure 14). In figure 15, is
presented the waste sorting and sizes of multi-compartment container lockers. In the multicompartment container number one (1) is sorted mixed waste, biowaste, dyed glass, and
paper. The multi-compartment container number one (1) is emptied every other week if
customers are not composting their biowaste. Considering the multi-compartment container
number two (2), the emptying interval is four weeks. Container 2 includes a collection box
for small WEEE, and it is emptied at the same time as container number two (2).
(Renhållningen Kristianstad 2021.)
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Figure 14. The multi-compartment containers of Renhållningen Kristianstad (Renhållningen Kristianstad
2021).

Figure 15. The waste sorting of multi-compartment containers in Renhållningen Kristianstad (Renhållningen
Kristianstad 2021).

SÅM
SÅM Samverkan Återvinning Miljö is a municipal waste management company which
operates in the municipalities of Gislaved, Gnosjö, Vaggeryd and Värnamo in Southern
Sweden. SÅM serves the multi-compartment collection for permanent residents inhabiting
detached houses and for holiday house customers. The number of households joining the
service was 22 200 in May 2021, and by comparison, there were 18 200 households in
December 2020. The number of customers increased by 21 %. For permanent households,
the multi-compartment collection cost of a four-compartment container is around 1843
SEK/a, 181 €/a, when there are 39 emptyings (26 + 13). For leisure homes, the cost is 707
SEK/a (~70 €/a) when there are 15 emptyings (10 + 5). In 2020, the waste recovery of the
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multi-compartment collection was the following: biowaste 2745 tons, paper 720 tons, glass
936 tons, packaging (metal, cardboard, plastic) 1212 tons. The waste recovery of mixed
waste for the whole municipality was 12 279 tons for 88 300 inhabitants. Renewable fuels
are utilized in the multi-compartment collection. (Andersson 2021.)
Two 370-liter multi-compartment containers are offered for permanent residents of detached
houses and customers of leisure homes. Each waste fraction has a locker in both containers.
The multi-compartment collection container number one (1) includes lockers for biowaste,
mixed waste, dyed glass, and paper. Container one (1) is emptied every two weeks. The
multi-compartment container number two (2) has lockers for cardboard, plastic packaging,
undyed glass, and metal. The emptying interval for a container two (2) is four weeks. On the
multi-compartment container is an indicator (figure 16) to inform the driver that the
household is out of biowaste bags. (SÅM 2021.)

Figure 16. The indicator of biowaste bags (SÅM 2021.)

NSR AB
NSR AB (Nordvästra Skånes Renhållnings AB) is a municipal waste management company
owned by six municipalities: Bjuv Båstad, Helsingborg, Höganäs, Åstorp and Ängelholm in
Southern Sweden (NSR AB 2021a). The company has a multi-compartment collection for
households and leisure homes. From five municipalities, 42 673 households are participating
in the multi-compartment collection. Customer numbers are: Båstad 7668, Bjuv 4271,
Helsingborg 16566, Åstorp 3729 and Ängelholm 10 439. (Holmblad 2021.) There are
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different collection options for the multi-compartment system. Customers can choose multicompartment containers of sizes 240 liters, 370 liters, and 660 liters. All municipalities are
commonly offered two containers of the same size. In some municipalities, the customer can
select containers of 240 liters and 370 liters. (NSR AB 2021b.) The sorting is different in all
municipalities, there are different options to sort waste in the lockers of containers (NSR AB
2021c). The service cost is varying by municipality and container size. In table 10, are
examples of costs for the multi-compartment collection when both containers are the same
size. Container 1 is emptied 26 times per year and container 2 is emptied 13 times per year.
The service cost is varying from 191.80 €/a to 465.10 €/a. (NSR AB 2021b.)
Table 10. Service costs for the multi-compartment collection of NSR AB. (NSR AB 2021b).

Emptying per year

€/year

€/year

€/year

€/year

€/year

Bjuv

Båstad

Helsing-

Åstorp

Äng-

Con-

Con-

Con-

tainer

tainer 1

tainer 2

26

13

265.5

191.7

265.5

265.5

349.1

26

13

265.5

191.7

265.5

265.5

349.1

26

13

465.1

329.4

465.1

465.1

447.4

borg

elholm

sizes
370 +
370 l
240 +
240 l
660 +
660 l

The waste recovery of the multi-compartment collection was obtained from NSR AB. The
waste recovery of all waste fractions from all municipalities was given separately. The data
was given in the form of kg/inhabitant/a separately from all municipalities. Averages of the
waste recovery were calculated. In 2020, the average waste recovery of mixed waste was
around 147 kg/inhabitant/a, metal 3.1 kg/inhabitant/a, biowaste 58.5 kg/inhabitant/a, plastic
packaging 13.3 kg/inhabitant/a, glass 23.4 kg/inhabitant/a, paper 25.2 kg/inhabitant/a and
cardboard 24.9 kg/inhabitant/a. Average waste recoveries were calculated in the form of
kg/inhabitant/week. Therefore, in 2020, the average waste recovery for mixed waste was
2.80 kg/inhabitant/week, metal 0.060 kg/inhabitant/week, biowaste 1.13 kg/inhabitant/week,
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plastic packaging 0.26 kg/inhabitant/week, glass 0.45 kg/inhabitant/week, paper 0.49
kg/inhabitant/week and cardboard 0.48 kg/inhabitant/week.
4.3.4 The neighborhood collection in Northern Finland
Kiertokaari Ltd implemented the neighborhood collection in Northern Finland. Kiertokaari
Ltd is a municipal waste management company owned by 8 municipalities. The company is
operating in the city of Oulu and the surrounding municipalities. Around 280 000 inhabitants
are living in the operational area. (Kiertokaari Ltd 2021a.)
In 2013, Kiertokaari Ltd commissioned a pre-review of the waste management systems for
a new residential area in the city of Oulu. Four different waste management systems were
examined. As a result, Kiertokaari Ltd implemented a neighborhood collection system in the
new residential area, called Hiukkavaara. The neighborhood collection system was added to
a land use planning of the residential area because the system needed construction work.
Four neighborhood collection points were built in the residential area. (Kiljunen 2015.) The
pilot collection was implemented in 2018-2020. 48 households attended the pilot. The
residential area of the pilot was in an urban settlement. Detached houses were in the
residential area. (Kiertokaari Ltd 2021b.)

Collection equipment and technology
In the neighborhood collection, underground containers were introduced for mixed waste,
paper, cardboard, glass, metal, and biowaste (figure 17). Neighborhood collection points
were placed on the edge of the residential area, therefore the distance from the waste
producer was between 100-250 meters. The purpose of the containers’ location was to make
the environment safer. Waste trucks are not driving in the residential area so GHG emissions
are lower, and incidents can be avoided. A lot of families with small children are inhabiting
the area. (Kiljunen 2021a.)
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Figure 17. Underground containers in the neighborhood collection (Antero Kiljunen 2021).

The emptying of underground containers was done with a conventional waste truck for
underground containers. The emptying interval for a biowaste was two weeks. These
underground containers have a locking system and each household has its key for containers.
The locking system has smart technology and all keys are programmed personally for all
households. (Kiljunen 2021a.)
Costs, waste recovery, and emissions
Household customers pay for the bin emptying and a fixed annual fee including the use of
containers and the maintenance of the collection point. In 2018, the waste management cost
for piloting households was between 130-210 €/a. The waste management cost for a year
includes the container emptying, treatment costs, and the fixed annual cost. The container
emptying costs 12.77 €/emptying and the cost is the same for all waste fractions. Separate
waste treatment costs are for mixed waste (46.89 €) and biowaste (19.54 €). The fixed annual
cost is between 40.30-67.17 €/household. In 2018, the waste management costs of the pilot
have been under the national average, thus the service is cost-efficient for household
customers. (Kiertokaari Ltd 2021c.) In 2018, the average waste management cost for
detached house customers was 254.70 €/a/real estate (Suomen Kiertovoima ry 2018, 10).
Investments for Kiertokaari Ltd were expensive, especially the construction work of
installing underground containers. The container cost for one collection point was 7500
€/container therefore the total cost for four collection points was 30 000 €. Kiertokaari Ltd
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has researched inserting a waste container for plastic packaging. Installing an underground
container afterward is an expensive investment. Other container options are considered.
(Kiljunen 2021a.)
The waste recovery of the pilot is not available separately because other municipal real
estates are in the same emptying route. The waste is collected from other real estates to the
same waste truck. Therefore, it is not possible to separate the waste recovery of the pilot area
and other areas. Kiertokaari Ltd is not monitoring GHG emissions of the separate collection
because the competitive tendering is arranged by the real estate owners. Therefore, the data
of collection is not available for Kiertokaari Ltd. Biogas is utilized in the separate collection
of biowaste and mixed waste in the operational area. (Kiljunen 2021a.)
Experiences
In the survey, project executors gave an estimate of the success of the project on the
evaluating scale of 1-5. Kiertokaari Ltd evaluated the reliability of the system, including
equipment, service promise, and service response time, with a grade of 4. The waste recovery
and recycling rate were evaluated in the survey, and the company gave a grade of 4.
Challenges in this collection system were that the biowaste got frozen during winter times
and containers had to be replaced with conventional biowaste containers. Considering the
recycling rate and waste recovery, the lack of waste containers for plastic packaging was a
negative aspect. (Kiljunen 2021a.)
Kiertokaari Ltd carried out two surveys of customer satisfaction, first in spring 2018 and the
second in spring 2019. The response rate of the first survey was 51.5 %. The survey
contained questions about the recycling habits of the customers, experiences of the pilot, and
customer satisfaction. The overall rating of the neighborhood collection was 3.76 (on a scale
of 1-4). The response rate of the second survey was 48.8 %. The second survey contained
the same basic questions as in the first survey. The company asked for ideas for developing
the project and the effortlessness of customer service. The overall rating of the neighborhood
collection was 3.33 (on a scale of 1-4). A WhatsApp group was implemented for the pilot
homes. Customers had a chance to ask questions from customer service. Questionnaire
respondents liked the service, 85 % of customers evaluated the service as good or very good.
Kiertokaari Ltd also surveyed the ownership-related issues of the collection point in August
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2019. 68 % of respondents wanted to continue the service as it was, which means that
Kiertokaari Ltd is invoicing customers of the service and customers are not buying the
collection point. (Kiertokaari Ltd 2021b.)
4.3.5 The co-mingled collection for plastics
Pirkanmaan Jätehuolto Ltd and Uusiomuovi Ltd developed the co-mingled collection for
plastics. Pirkanmaan Jätehuolto Ltd is a municipal waste management company owned by
17 municipalities in Pirkanmaa Region in Finland. The company is operating in the city of
Tampere and the surrounding municipalities. Around 451 000 inhabitants live in the
operational area. (Pirkanmaan Jätehuolto Ltd 2021.)
The co-mingled collection for plastic was piloted from the 1st of June 2019 to the 31st of
December 2020. The whole city of Orivesi attended to the pilot in the Pirkanmaa region. The
researched area was an urban settlement. All clean plastic materials were sorted in one
container in households. Plastic packaging and plastic products were possible to sort into the
same container so sorting and recycling were easier for household customers. Approximately
110 housing cooperatives participated in the experiment. The number of households
attending the pilot was around 2100 households. Around 150 containers were distributed to
the real estate in the project. The pilot service was free of charge for the pilot households at
the end of 2020. The purpose of the project was to research the composition of plastic waste,
demands for sorting and pre-treatment, and other technical requirements. The target of the
pilot was to survey possibilities to increase the recycling rate of plastics, survey the waste
recovery, research possible special demands for the collection of plastic materials, recycling
logistics, and organizing the temporary storage. The functional co-operation model for the
plastic collection was created during the experiment. The collection system needs to be easy
and clear for the inhabitants. (Oksala 2021a.)
Collection equipment and technology
The collection equipment was conventional: waste containers were basic containers of 660770 liters and the waste truck of collection was also conventional in the pilot. (Oksala
2021b.) Emptying intervals were 2-4 weeks. The purpose was to optimize the collection,
emptying was done when containers were as full as possible. The emptying route was
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approximately 120 kilometers and the driving the route took 6 hours. (Varsala 2021.)
Collected plastics were stored at the waste center until the full truckload was reached.
Plastics were baled before transporting to the treatment facility. The separating of plastics
was done in the city of Lahti where the separating facility is. Lahti’s separating facility is
separating LDPE, HDPE, PP and PET plastics (Kilpeläinen 2021). From Lahti, separated
plastics were transported to the treatment facility of Fortum Waste Solutions Ltd in the city
of Riihimäki. The quality of collected plastics was good. However, the plastic treatment
process needs development: there is demand for crushing processes for large plastic pieces.
(Oksala 2021b.)
Costs, waste recovery, and emissions
The experiment of co-mingled collection for plastics did not cost anything for the pilot
households during the pilot. The service concept was successful thus the service is
continuing in the city of Orivesi in 2021. In 2021, the service costs for the customers 6.67
euros per emptying, including taxes of 24 %. The container sizes are available from 240
liters to 770 liters. Other costs or costs of the project were not available for confidentiality
reasons. (Oksala 2021b.) The yearly cost of the service can be estimated with the present
emptying cost. Results of calculations are presented in table 11. Emptying costs are
approximately 86.70-173.40 €/a. If the emptying interval is two weeks, the emptying costs
are 173.40 €/a. When the emptying interval is three weeks, the emptying costs are 115.60
€/a. If the emptying interval is the longest one, four weeks, the cost for emptying is then
86.70 €/a.
Table 11. Emptying costs of the co-mingled collection for plastics.

Emptying interval

Emptyings per

Yearly cost for

year (pcs)

the emptying (€)

2 weeks

26

173,40

3 weeks

17,333

115,60

4 weeks

13

86,70

The waste recovery of the project was given from the project period. 26.94 tons of plastic
materials were collected from real estate. 42.94 tons of plastics were received at the waste
center. The total waste recovery of plastics was 70 tons. The waste recovery for an inhabitant
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was 8.5 kg/inhabitant/a. (Oksala 2021a.) The GHG emissions of the service were not
monitored. At the beginning of the project, conventional diesel was used in transportation.
The fuel was changed to biogas in the mid of the pilot. The average consumption of biogas
was 80-90kg/120 km. (Varsala 2021.)
Experiences
In the survey, project executors gave an estimate of the success of the project on the
evaluating scale of 1-5. Pirkanmaan Jätehuolto Ltd evaluated the reliability of the system,
including equipment, service promise, and service response time, with a grade of 5. The
waste recovery and recycling rate were evaluated in the survey, and the company gave a
grade of 5. The strengths of the project were the ease of the service from a customer's point
of view, the ease of communication and information, the project responded to customer’s
wishes and impacts on the recycling habits. Weaknesses of the project were the small number
of treatment facilities and the impacts of the COVID19 pandemic on the sorting results. The
impacts of a pandemic cannot be estimated, for example, considering waste recovery. The
concept of the plastic co-mingled collection was a well functioning service. Project executors
decided to continue the service in the city of Orivesi in 2021. (Oksala 2021a.)
Pirkanmaan Jätehuolto Ltd surveyed customer satisfaction in Autumn 2020. 277 households
responded. The response rate was 13.2 %. The survey contained questions about background
information, for example, the recycling habits of the customers. The pilot had an impact on
the recycling habits of customers: 75 % of the respondents have increased recycling. Most
of the customers were satisfied with the communication and information. In the feedback,
customers said there would be a need for this kind of service. Project executors mentioned
also that the customers in the city of Orivesi are motivated to sort and recycle. (Oksala
2021b.)

4.4 Summary of the most important parameters
The main parameters in this study are waste recoveries, costs, emissions, and other
environmental impacts. The waste recovery is calculated and compared as a waste recovery
per inhabitant per week (kg/inhabitant/week). Emptying costs of services are compared in
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the cost and cost part. In addition, the costs are summarized for the service producers,
municipal waste management companies.
In the comparing process, the report of household waste management is utilized, which is
compiled by a Finnish Waste Management Association KIVO Suomen Kiertovoima every
year. Reports of the years 2019 and 2020 are utilized in the comparing process. The
information of both years is used because respondents were not the same in both years. The
response rate was not as high as in the year 2020 compared to 2019. The discrepancy in data
creates uncertainty when looking at the results.
4.4.1 Waste recovery
Waste recoveries of the different separate biowaste collection systems were quite variable
(Table 12). The largest waste recovery was in the project of biowaste group collection with
a ventilated container, hence 2.00 kg per inhabitant per week. The waste recovery of the twochamber truck collection was not available or possible to calculate. The waste recovery was
approximately 40 % higher in the biowaste group collection compared to Bioneeri project.
The waste recovery in the project of composter as a waste container is smaller because the
biowaste is decomposing therefore the waste recovery is not comparable between other
projects. In 2019, the average waste recovery of biowaste was 58 kilograms per inhabitant
in a year in detached houses in Finland (KIVO 2019) which is then 1.12 kg/inhabitant/week.
Table 12. The waste recovery of the separate biowaste collection systems.

Separate biowaste collection systems

The waste recovery per
inhabitant
(kg/inhabitant/week)

Average in Finland (KIVO 2019)

1.12

Bioneeri

1.50

The composter as a waste container

0.90

The biowaste group collection with a ventilated container

2.00

The collection system of the two-chamber car

Not Available

Waste recoveries of the different separate collection systems of multiple waste fractions are
presented in table 13. Waste recoveries of all projects were not available for this research. It
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would have been interesting to see values and compare them. Results can be compared with
other projects at some level. The waste recovery of biowaste can be compared for example
between the multi-compartment systems and the biowaste group collection with a ventilated
container. The waste recovery of biowaste in the biowaste group collection is slightly higher
than in the multi-compartment collection. Uncertainties in the calculations and the truck's
weighing must be considered. Based on researchers’ professional background, it can be said
that the car weighing process has always uncertainties of measurement too. The biowaste
recovery for detached houses was not available in the KIVO’s report of 2020. The waste
recovery of biowaste is at a good level in these projects compared to the average waste
recovery in Finland in 2019. The biowaste recovery in Bioneeri project is over 30 % higher
than the average Finnish biowaste recovery. When evaluating the results of Bioneeri project,
one must consider the fact that the results were mid-term results, and the project is ongoing.
Considering the bio group collection and multi-compartment collection the waste recovery
is over 80 % (82-87 %) higher than the Finnish average in the year 2019.
In 2019 and 2020, the average waste recovery of metal was 2 kg/inhabitant/a in Finland
(KIVO 2019 & 2020) when the calculated value for a week is 0.038 kg/inhabitant/week. The
waste recovery of metal was 338 % higher in a multi-compartment collection of HSY Ltd
than the Finnish average in 2019 and 2020. The average waste recovery of plastic packaging
was 9 kg/inhabitant/a in housing cooperatives in Finland (KIVO 2019) therefore the weekly
average was 0.17 kg/inhabitant/week. Comparing the result of the project and the Finnish
average, the multi-compartment collection had a 260 % higher waste recovery of plastic
packaging. When evaluating the results, it should be considered that the multi-compartment
collection is for detached houses and the average waste recovery of Finland is for housing
cooperatives. This study is concentrating on recyclable waste materials and biowaste so the
waste recovery of mixed waste is not analyzed in more detail.
The waste recovery of the present multi-compartment collection in Eastern and Western
Uusimaa is presented in table 13. There are two waste centers in the operational area, one in
Eastern Uusimaa and one in Western Uusimaa. The data of waste recoveries are collected
regionally from both areas and waste recoveries of both areas were summarized.
Waste recoveries of Swedish multi-compartment collections are congruent. Rehållningen
Kristianstad and SÅM, waste recoveries of mixed waste are lower than one kilogram. In the
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operational area of NSR AB the waste recovery of mixed waste was pretty high, almost three
times higher compared to other Swedish collections. Several waste fractions are collected in
more detail than in Finland which can also affect results.
When comparing waste recoveries of Helsinki Region’s and other multi-compartment
collections, there can be seen quite remarkable differences. Waste recoveries of all waste
fractions in Helsinki Region’s multi-compartment collection are higher than in Sweden or
in Eastern and Western Uusimaa. One of the reasons for the higher waste recoveries of
HSY’s project is probably waste compositions and how the waste is sorted and recycled. The
mixed waste probably contains glass, cardboard, and paper, because those waste fractions
are not collected in the HSY’s pilot. HSY’s waste recovery of biowaste is possibly higher
because of the recycling method. Customers are likely sorting biowaste into the multicompartment container, not composting it in a composter. Part of the customers are
composting their biowaste in Eastern and Western Uusimaa, so it makes the waste recovery
of biowaste lower in the area. Also, one of the reasons for these differences can be that
inhabitants in Helsinki Region’s project are motivated because the collection is new, and
results are not stabilized. Results of the waste composition research would explain more
about HSY’s pilot and waste recoveries.
The waste recovery of co-mingled collection for plastic is coherent with statistical values.
Comparing the waste recovery of the co-mingled collection of plastics with the multicompartment system in the Helsinki region, there are differences. In the multi-compartment
systems only plastic packaging was collected and in the co-mingled collection plastic
packaging and plastic products which makes comparing a bit difficult. At least the comingled collection for plastics positively affects the recycling rate.
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Table 13. The waste recovery of the separate collection systems of multiple waste fractions.

The separate collection systems of multiple waste fractions
The multi-compartment systems in Finland
The waste recovery per inhabitant (kg/inhabitant/week)
Mixed

Metal

waste

Bio-

Plastic

waste

pack-

Glass

Card-

Paper

board

aging
Average separate

-

0.04

1.12

0.17

0.09

0.23

1.02

2.20

0.13

2.00

0.50

-

-

-

0.40

0.07

0.40

0.20

0.13

0.27

-

collection in
Finland (KIVO
2019)
The multicompartment
system in
Helsinki Region
The present multicompartment
system in Eastern
and western
Uusimaa
The multi-compartment systems in Sweden
SÅM

0.90

*

0.79

*

0.27

*0.35

0.21

Renhållningen

0.95

0.04

0.96

0.20

0.30

0.20

0.30

2.80

0.06

1.10

0.26

0.45

0.48

0.46

Kristianstad
NSR AB

Other collection systems
The neighborhood

N/A

N/A

N/A

N/A

N/A

N/A

N/A

-

-

-

0.16

-

-

-

collection in
Northern Finland
The co-mingled
collection of
plastics
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*0.350 kg/inhabitant/week divided for metal, plastic packaging, and cardboard.

4.4.2 Costs
Project costs were available only from a multi-compartment collection of HSY Ltd. Realized
cost of the project was 388 134 euros. Costs of Bioneeri project were not available but
project executors assured that the costs are reasonable and cost-effective. Considering the
project of the composter as a waste container, the cost structure was not available for this
study. Project executors mentioned that the project needs to be developed so that costs would
be more feasible. The biowaste group collection with a ventilated container was not a project,
it was a continuous service for customers but the information about implementation cost was
not available. The collection of the two-chamber truck is also a continuous service but the
costs of implementation were not available. The neighborhood collection’s all costs were
not available for this study. Project executors estimated that the costs of implementation
were expensive. The costs of the co-mingled collection for plastics were not available for
this study.
In tables 14 and 15 is presented the service costs of different separate collection systems.
The basic fee of municipal waste management companies is not included in this study. All
municipalities have their fees, and it is assumed that the basic fee is not affecting project
costs. In table 14, service costs are presented for separate biowaste collection systems.
Emptying costs of the composter service were not available but the project executor
estimated the cost would be a few times more expensive than the basic biowaste emptying
cost. The emptying cost of the composter as a service was separated from comparison even
though there could be an estimated imaginary cost. In biowaste group collection the cost is
divided between the group members, for example, two households, therefore the cost would
be lower than the basic service. The biowaste group collection with a ventilated container is
the most cost-efficient option for a customer. Bioneeri service is also a cost-efficient service
for customers. The average cost for biowaste emptying is 8.48 €/emptying/240l container
for detached house customers in Finland in 2019. By comparison, in the same year, the
minimum cost for a biowaste was 4.52 €/emptying and the maximum cost was 11.20
€/emptying for detached house customers in Finland. (KIVO 2019)
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Table 14. Service costs of the biowaste separate collection systems.

Biowaste separate collection systems
Project

The emptying cost

Collection supplies

(€/emptying)

The cost of the
service
(€/a)

Bioneeri/ Biolink
A small container

6.50 €

customer
A Biolink customer

0.00 €

169.00 €/a

(during the project)
5.00 €

0.00 €

130.00 €/a

(during the project)
N/A

≥ 365,90-377,40 €

N/A

The biowaste

6.94 €

107.00 €

(106.22€/a)

group collection

(3.47 € for one

(if the customer

154.22-197.22 €/a*

with a ventilated

biowaste group

buys the container)

(costs for the first

container

member of a two-

year of bio group)

member group)

----

The composter as a
waste container

(53.11 €/a)
77.11-98.61 €/a per
household
(costs for the first
year)
The collection

186.51 €/a

system of the two-

(total, mixed waste,

chamber car

and bio waste)

Mixed waste

5.97 €

53.00-66.50 €

77.61 €/a

Biowaste

6.05 €

53.00-199 €

108.90 €/a

*Considering the option of buying a container, there are only the service costs 106.22 € per year after investments.

Service costs for the separate collection systems of multiple waste fractions are presented in
table 15. There are two different service costs for a multi-compartment collection of the
Helsinki Region. Collection supplies of the project included in the emptying cost during the
project. The multi-compartment collection in Eastern and Western has been a continuous
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service for customers for a long time. As a comparison, in table 15 are the present costs of
the service. When comparing costs between these two multi-compartment collections, small
differences can be seen. Emptying costs are slightly more expensive in Eastern and Western
Uusimaa than in Helsinki Region. Project executors of the project in the Helsinki Region
told that the service should cost more so that the implementation of the service would be
more feasible. The development project of multi-compartment collection 3.0 was started in
June 2021 therefore the results are not available for this research.
SÅM and NSR AB had very similar costs for the multi-compartment collection of permanent
households. Renhållningen Kristianstad had the highest cost for permanent households.
SÅM had the lowest cost for leisure home customers. The neighborhood collection’s
container emptying cost is feasible and under the average of Finland.
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Table 15. Service costs of the separate collection systems of multiple waste fractions.

The separate collection systems of multiple waste fractions
Project

The emptying cost

Collection supplies

(€/emptying)

The cost of the
service
(Total amount)

The multi-compartment system for permanent households in Finland
The multi-

12.60-14.60 €

Included in the

compartment

emptying cost

system in Helsinki

during the project

327.30-378.60 €/a

Region
The present multi-

9.30-10.30 €

1.20-3.15 € (renting

compartment

costs for the

system in Eastern

containers)

337.20-410 €/a

and western
Uusimaa
The multi-compartment system in Sweden
SÅM
Permanent

N/A

N/A

household
Leisure home

181.20 €/a
(1843 kr/a)

N/A

N/A

69.50 €/a
(707 kr/a)

Renhållningen Kristianstad
Permanent

N/A

N/A

household
Leisure home

271.40 €/a
(2760 kr)

N/A

N/A

151.40 €/a
(1540 kr)

NSR AB
Permanent

N/A

N/A

191.70-465.10 €/a

N/A

N/A

169.60-281.70 €/a

household
Leisure home
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Other separate collection systems
The neighborhood

12.80 € (0.80-1.60 €)

7500 €/collection

collection in

(divided with all

point

Northern Finland

households in the

130-210 €/a

collection, 8-17
households/collection
point)
The co-mingled

0.00 € in 2020

collection for

6.70 € in 2021

plastics

N/A

0.00 € in 2020
emptying: 86.70173.40 €/a in 2021

4.4.3 Emissions and environmental impact
GHG emissions of the separate collection systems were variously available. All the
municipal waste management companies were not monitoring their GHG emissions. GHG
emissions and fuels of the separate collection systems are presented in tables 16 and 17. In
table 16, GHG emissions and fuels for biowaste separate collection systems are presented.
Considering the project of composter as a waste container, GHG emissions of the
transportation were not monitored and a conventional diesel was used in transportation. In
the biowaste group collection with a ventilated container GHG emissions were not
monitored, and a conventional diesel was used in the collection . The company has
considered the calculation of GHG emissions. The challenge in their operational area is that
there is no proper supply network for renewable fuels. Etelä-Karjalan Jätehuolto Ltd
monitored GHG emissions of transportation in the collection system of the two-chamber
truck. The GHG emissions were 79.9 tCO2ekv/a in 2020. Conventional diesel was used in
the collection. The comparison of GHG emissions cannot be performed reliably considering
all the projects because of the lack of information. Environmental impacts are estimated
mainly based on the other information of the projects.
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Table 16. The GHG emissions and fuels of the separate biowaste collection systems.

Separate biowaste collection systems
Project

Fuel

Emissions (CO2)

Bioneeri

N/A

LUT – later in 2021

The composter as a waste

Conventional diesel

N/A

Conventional diesel

N/A

Conventional diesel

79.9 tCO2ekv/a

container
The biowaste group
collection with a
ventilated container
The collection system of
the two-chamber car
Although all the data on GHGs was not available, other environmental impacts of projects
can be discussed. Bioneeri project implemented the idea of utilizing a smaller and less
emitting car in emptying small containers. The impact on emissions can be remarkable
because the collection model decreased waste truck stops by over 80 %. The composter as a
waste container collection could have probably very low emissions because the emptying is
done 2-3 times in a year when there is no need for several emptyings during the year. The
biowaste is decomposed in the composter and there would not be so much need for treatment
which could positively affect emissions in waste treatment processes. The biowaste group
collection with a ventilated container could also have lower emissions than a conventional
biowaste collection system because there the emptying interval is twice if the conventional
emptying interval of biowaste.
The GHG emissions and fuels of the separate collection systems of multiple waste fractions
are presented in table 17. The data of GHG emissions were available from the multicompartment collection systems of the Helsinki Region and Eastern and Western Uusimaa.
Helsinki Region and Eastern and Western Uusimaa are located next to each other but are
very different considering the population density of the collection systems. GHG emissions
of the multi-compartment collection in the Helsinki Region were 43t CO2/a in the year 2020.
In Eastern and Western Uusimaa, the GHG emissions of the multi-compartment collection
were 108t CO2/a in 2020. In HSY Ltd.’s project participated around 1000 households and
in Eastern and Western Uusimaa participated 2016 households. Based on this data, emissions
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can be estimated per household in the multi-compartment collection. GHG emissions were
43 kg CO2/a/household in Helsinki Region and around 54 kg CO2/a/household in Eastern
and Western Uusimaa. Emissions are approximately 11 kg CO2/a/household lower (~26 %)
in Helsinki Region than in Eastern and Western Uusimaa. Emissions were calculated per
collected waste (t) for both areas. In Eastern and Western Uusimaa, emissions per collected
waste were 0.20 tCO2/twaste considering the multi-compartment collection. In Helsinki
Region, emissions per collected waste were 0.057 tCO2/twaste.
In Sweden, renewable fuels have been used in the multi-compartment collection of SÅM so
there is a positive impact on emissions reduction. The quantity of emissions was not
available. Renhållningen Kristianstad and NSR AB did not have information of the transport
GHG emissions. GHG emissions of the neighborhood collection were not available but
biogas is used in the transportation of biowaste and mixed waste. The co-mingled collection
for plastics was carried out with biogas but the quantity of emissions was not available.
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Table 17. GHG emissions and fuels of the separate collection systems of multiple waste fractions.

The separate collection systems of multiple
waste fractions
Project

The fuel

Customers

Emissions

Emissions

Emissions

in the collec-

(CO2)

per house-

per twaste

tion (house-

hold (kg

(kgCO2

holds)

CO2/a)

/twaste)

The multi-compartment system in Finland
The multi-

Conventional

compartment

diesel

around 1000

43t CO2/a

43 kg

(year 2020)

CO2/a/

system in

57.5

household

Helsinki Region
The present

Conventional

multi-com-

diesel

2016

partment sys-

108t CO2/a

54 kg

(the year

CO2/a/

2020)

household

223.3

tem in Eastern and western Uusimaa
Other separate collection systems
The neigh-

Biogas

borhood col-

(considering

lection in

routes of the

Northern Fin-

48

N/A

N/A

N/A

2100

N/A

N/A

N/A

mixed waste and
bio waste)

land
The co-mingled collection for plastics

Biogas
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5

ANALYSIS OF THE SEPARATE COLLECTION SYSTEMS

The analyzing method was a grading method in this study. All Finnish projects were
evaluated with grades. The number of 32 parameters and features was selected for the
evaluation. The examined parameters and features were collected from case companies with
web surveys and depth interviews. Each parameter and feature were graded from 0 to 3. The
purpose of the method was to rank projects. The most important and comparable features
and parameters were selected from the main categories: background information and
regional suitability, technical features and performance, costs, and customer satisfaction.
The selection was done to fulfill the necessities of Rosk’n Roll Ltd. All the Finnish case
systems were selected for the analysis part. Swedish multi-compartment collection systems
were briefly evaluated and compared in the summary of the most important parameters. The
analysis of the Swedish cases was not assessed with the grading method because this study
is concentrating on Finnish cases. Considering Swedish cases, the web survey contained
seven questions, and depth-interviews were not carried out. The collected data would not be
comprehensive for the grading analysis. Finnish web survey contained 17 questions and
interviews around 33 questions.
The study evaluates the functionality, cost-efficiency, customer satisfaction, and
environmental impacts of collection systems. The needs of Rosk’n Roll Ltd and the
obligations of new waste legislation are affecting the evaluation. The evaluation is based on
the evaluation criterion.
The criteria used in the evaluation were:
•

The functionality of the collection system
o feasibility in different housing types and settlements
o the system is modifiable with the changing conditions
o the recycling rate and waste recovery was good
o the collection equipment was good
o bin emptyings worked well

•

The cost-efficiency of the collection system
o costs for the customer were reasonable
o costs for the service producer were reasonable
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o the investment paid a reasonable price
•

The customer satisfaction of the collection system
o the new service was served close to the customer
o the customer satisfaction was good
o adaption of the service was easy for the customer
o communication and information of the project worked well

•

Environmental impacts
o emptying intervals were long
o the used fuel in transportation was renewable fuel
o collections were optimized.

The grading of the separate collection systems was done with the evaluation matrix and
grading table (Appendix 4). All the parameters and features of each case project were graded
separately, and the results were summarized. Gradings were done in Excel spreadsheets.
Each collection system was evaluated in its grading table. During the evaluation process it
was evaluated how the collection systems met the evaluation criteria. The evaluation had to
be based on a numerical estimate because systems were very different and there was a lot of
data.
In this study, the idea of Likert Scale method is utilized to evaluate the separate collection
systems. The Likert Scale method was a basis for the analysis because there was a demand
for qualitative analysis. Elements of different Likert Scales were combined. Surveys and
interviews were a combination of the qualitative and quantitative approaches, therefore
evaluated parameters and features included qualitative and quantitative values. There were
appraised qualitative results also with quantitative methods, such as verbal analysis. The
quantitative results were then appraised also then with qualitative approaches. Research
results were analyzed utilizing both approaches, therefore the conclusions of analysis will
be more reliable. Project executors did not give all the data in surveys and interviews, hence
there are more uncertainties in the analysis. The measuring process of the case projects was
challenging because solid waste management is a complex process.

Rensis Likert created the Likert method of scaling in 1932. The Likert Scale is generally
employed in psychological surveys where opinions, social attitudes, and values of persons
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are researched. There was a need for statistical techniques and numerical scaling in
questionnaires. (Young 2017, 32.) In this study, these case projects are services for
customers, so the idea of Likert’s evaluation method for services and customer satisfaction
is applied. At the same time, parameters and features that are not measuring immaterial
aspects or are not related to customers' attitudes are evaluated. The Five-Point Likert Scale
is commonly used in surveys. The Likert scale usually includes a neutral option. (Vehkalahti
2014, 35, 37.) The Five-Point Scale is including, for example, ratings Very good, Good, Fair,
Poor, and Very poor, where the Fair could be the neutral option. Elements of these ratings
are used for this study. The Four-Point Scale is used in this study. A neutral option is
combined with the Good value. Cases are mostly developing projects when giving a neutral
result is not justified because the state of most services is not stabilized or stable. Case
services are probably intended to be developed and examined critically before implementing
to companies’ services. Some features or parameters might be stable in projects, for example,
waste trucks might be conventional. Therefore, the grade was 2, Good, responding to
expectations, works as it stands. The evaluation matrix and scale are more specifically
presented in the following.

5.1 Evaluation matrix
In this research, all parameters and features are graded with the modified Likert Scale. The
grading scale is 0-3. The developed evaluation matrix for this study is presented in table 18.
Generally, the Likert Scale’s rating is between 1-5. In this study, grade 0 is the poorest value
and grade 3 is the highest rating. In this study, a neutral option is included in grade 2 (Good).
It is justified because all the available data needs to be evaluated with a reasonable grade.
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Table 18. Evaluation matrix.

Evaluation matrix
Grade
Unsatisfactory (0)

Satisfactory (1)

Good (2)

Very Good &
Excellent (3)

Not responding to

Feasible in some

Responding to the

Very good,

the expectations,

way, demand for

expectations works

excellent, exceeding

infeasible

development

as it stands

expectations,
improves the
development,
innovative,
sustainable, surplus
value

In the evaluation matrix, the grade 0 signifies the evaluated parameter or feature is not
responding to the expectations and is infeasible. The parameter or feature which gets the
grade of 0, is not applicable in practice as it was during the project. There might be some
issues with the parameter or feature and it needs a lot of development. There is also a
possibility that a parameter or feature is graded with 0 if it is not realistic or practicable in
wanted circumstances, for example, some parameter or feature may be suitable for a small
real estate but not for housing cooperatives.

Grade 1 expresses the evaluated parameter or feature is satisfactory, feasible in some way
and development is needed. The parameter or feature could be adaptive in different
circumstances by development. For example, if the feature would be better for housing
cooperatives but not for detached houses. Parameter or feature which has a grade with 1
would not be so feasible as it was, development work is recommended that the separate
collection system would be potential.

Grade 2 signifies the feature or parameter is good, responding to the expectations, and works
as it stands. The feature or parameter graded with 2 is already workable and executable. The
neutral grade is also included in grade 2. Therefore, some parameters or features might have

90

been stable for a long time and got a grade of 2. The separate collection system’s parameter
or feature could be adapted to Eastern and Western Uusimaa how it was planned by the
project executor. The adaption of the feature could be fluent.
The parameter or feature having a grade of 3 signify that it is excellent, it is exceeding
expectations and improves the development. The parameter or feature should significantly
enhance the development of the separate collection system. The parameter or feature can be
also innovative and have a look into the future megatrends. Feature and parameter with the
grade 3 can also bring something new to the field and behind it that can be extensive thoughts
with sustainability orientation.
All the given grades of the different categories are summarized, and the total score is given.
Calculations of the average points and the share of maximum points (%) are carried out. All
these calculations were performed to show more reliable results. If the information of
parameter or feature was not available during the analyzing process, N/A (Not Available)
marking was used. Applying the marking N/A instead of grade 0 is a more equal and
reasoned assessment because some of the developing projects are ongoing and results are
available later. There are a lot of uncertainties in analyzing the separate collection systems
because the information was available variably, and all the projects were so specific and
different. Examined waste fractions are different, therefore it increases the uncertainty of the
comparison.
All the grades are considered carefully and justified. It is also possible that the evaluated
parameter or feature would get a higher grade in other circumstances or contexts. The
evaluation and analysis are executed from the viewpoint of Rosk’n Roll Ltd and the
development demand of separate collections in Eastern and Western Uusimaa in Finland.
These evaluated separate collection systems might be feasible and good from the viewpoint
of their local circumstances and project executors, therefore project executors’ opinions
based on surveys are considered critically. One of the most important factors is the
COVID19 pandemic which had an impact on waste management and this research. The huge
number of inhabitants who are working remotely impact the waste recovery so that it is
different than before the pandemic. On the other hand, the pandemic might change the
working methods globally, and remote work is increasing permanently. The factual statistics
are not available, because the pandemic is still existing when this study is published.
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5.1.1 The evaluation of collection systems
The evaluation of the projects was done by a researcher of this study. Most of the parameters
or features were graded by utilizing the statistical data of the separate collection systems.
Some parameters and features had to be evaluated without any supporting material and
evaluation was done based on the researcher’s professional expertise in municipal waste
management. Quantitative and qualitative parameters and features were evaluated. The
evaluation of quantitative features is difficult and is based on assumptions and thoughts. The
suitability of projects was estimated to Rosk’n Roll Ltd’s operational area. Case projects
might be more feasible in the circumstances where they were executed. The evaluating was
performed critically and with deliberation. There might be uncertainties when a researcher
is estimating projects.
Case projects were evaluated separately in an Excel spreadsheet program with grading tables
(Appendices 5-12). The summary of the grading is presented in table 19. In the table, the
number of evaluated parameters and features (pcs), the overall points per project, the average
of points, and the achievable points are introduced. The maximum evaluated parameters
were 32 pieces. The maximum grade was 96 points. The summary table was compiled with
multiple aspects because there are uncertainties considering the evaluation process. Firstly,
all the data of all the projects was not available. For example, the least evaluated parameters
were available from the project of the co-mingled collection for plastics (24) and most of the
evaluated parameters were available from projects the biowaste group collection with a
ventilated container (31) and the neighborhood collection (31). The more parameters were
available to be evaluated, the more reliable the result will be.
The biowaste group collection with a ventilated container got the highest overall grade 76
points. Bioneeri project got 69 points which was the second-best result. The multicompartment collection in Eastern and Western Uusimaa got an overall grade of 66 points
which was the third-best result. There must be considered uncertainty especially with the comingled collection for plastics because there were only 24 parameters to be evaluated.
Important information regarding the total cost of the project was not received. The comingled collection for plastics got 65 points. The multi-compartment collection in Helsinki
Region (63) and the neighborhood collection (61) got pretty much the same points. In this
study, the weakest score received the composter as a waste container (59) and the collection
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system of the two-chamber truck (58). If the averages of points are compared, the situation
is different. Collection systems which got poorer points in the overall grade, might have
higher average points. Comparing averages three projects are having the top score in this
category: the co-mingled collection for plastics (2.52), Bioneeri (2.46), and the biowaste
group collection with a ventilated container (2.45). The multi-compartment collection in
Eastern and Western Uusimaa reached an average of 2.28 which is better than the rest of the
projects. The weakest averages received the collection system of the two-chamber truck
(2.24), the multi-compartment collection in Helsinki Region (2.18), the neighborhood
collection (2.00), and the composter as a waste container (1.97).
The best three projects were selected for the proposals. The selection was done based on the
overall grades. The best projects were Bioneeri, the biowaste group collection with a
ventilated container, and the multi-compartment collection in Eastern and Western Uusimaa.
The biowaste group collection with a ventilated container project got an overall grade of 75
points. Bioneeri project gained an overall grade of 69 points. The multi-compartment
collection in Eastern and Western Uusimaa got an overall grade of 66 points. Grounds for
the selections are presented in the evaluation paragraphs of the projects.
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Table 19. The summary of evaluated parameters and features of all cases.

The summary of evaluated parameters and features
Project

The

The overall

Average

Achievable

number of

points

points

points

evaluated
parameters
(pcs)
Bioneeri

29

69

2.46

87

The composter as a waste

30

59

1.97

90

31

76

2.45

93

26

58

2.24

78

30

63

2.18

90

29

66

2.28

72

31

61

2.00

93

24

65

2.52

72

32

96

3.0

96

container
The biowaste group collection
with a ventilated container
The collection system of the
two-chamber truck
The multi-compartment system
in Helsinki Region
The present multi-compartment
system in Eastern and western
Uusimaa
The neighborhood collection in
Northern Finland
The co-mingled collection for
plastics
Maximum
5.1.2 Summary of the grading
Evaluated parameters and features are categorized in the main categories. Total grades of
each category were calculated and finally, the combined score was calculated of all
categories. Selected parameters and features of projects were graded. If the information was
not available, the parameter was marked with N/A. In figure 18, the grading distribution of
projects’ main categories is presented. The grading tables of all projects are presented in
Appendixes 5-12. Features and parameters are presented which are the most important and
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got full points or got low points (0 or 1). Parameters and features which were evaluated with
a grade 2 Good are not separately introduced here because that grade indicates the estimation
that it works as it stands and the parameter or feature may be a conventional model or
technology.
Background information and regional suitability

Technical features and performance

Costs

Customer satisfaction

80
11

70

POINTS

60
50

12
12

13

9

40
30

11

5
10

30

26

19

19

20

23

12
4

12
4

12

12
4

8

23

25

24

25

24
20

20
10

22

20

21

25

0

Figure 18. The grading distribution of projects.

The evaluation of Bioneeri
The evaluation of Bioneeri project is in Appendix 5. Considering Bioneeri project, total
grades were given as following: a grade of 19/30 considering the basic information and
regional suitability, technical features obtained the grade 26/36, the evaluation of cost was
scored with 12/18, and customer satisfaction got a grade of 12/12. The sum of all categories’
points was 69 points. The average of all points was 2.46 points. Achievable points were 87.
Bioneeri collection system is feasible for detached houses and small real estate when the
system got full points (3) of this feature. For bigger housing cooperatives, apartment
buildings, the system is not suitable when the grade of this feature was zero (0) points. The
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system could fit Eastern and Western Uusimaa very well especially in the residential areas
which are tightly populated neighborhoods or difficult terrains. For example, old towns and
other neighborhoods where it is difficult and unsafe to drive a large waste truck. The system
is also modifiable for the changing conditions and future targets so the feature got full points
(3). Considering the category technical features and performance, the collection system got
full points considering the separate collection rate, the waste recovery, waste containers, and
waste cars.
The system increases recycling options of biowaste. Smaller collection equipment was
innovative and good for cramped spaces because of the small size. Utilizing a smaller waste
car in the collection increases security, decreases GHG emissions of transportation, and
facilitates driver’s work in difficult terrains. The emptying cost for the customer got full
points (3) because the emptying cost was low compared to the average in Finland.
Investments, costs for the service producer, and the cost structure of the separate collection
system got full points (3) based on the verbal estimation of project executors. The weakness
of the collection system is that real estate owners are tendering out the biowaste collection
in Päijät Häme Region. The problem with tendering out is that the data of transportation and
costs are difficult to get. The customer satisfaction category got full points for each
parameter and feature. The service was close to customers and customers adapted to the
service easily. The customer satisfaction was also very good based on the customer
satisfaction survey. The communication and information of the project were executed
excellently because the project information was available comprehensively on the webpage.
The evaluation of the composter as a waste container
The evaluation of the composter as a waste container project is in Appendix 6. The average
grades were given as following: a grade of 20/30 for the basic information and regional
suitability, technical features obtained the grade 19/36, the evaluation of cost was scored
with 9/18, and customer satisfaction got a grade of 11/12. The sum of all categories’ points
was 59 points. The average of all points was 1.97 points. The achievable points were 90. In
the main category of background information and suitability, the project got full points (3)
considering feasibility for detached houses and small real estates, feasibility in urban and
dispersed settlements, and the system is modifiable for future targets. The weakness of the
collection is that the system is not so feasible for housing cooperatives. The system would
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be an interesting option for Eastern and Western Uusimaa because there the area is mainly
dispersed settlement and 66 % of houses are small houses. The composter does not need
several emptyings so it decreases the driving and the waste management of biowaste. This
could be a good collection option related to the reform of waste legislation and requirements
of source separate collection of biowaste.
Technical features and performance of the composter project had grades varyingly from zero
(0) to full points (3). There were excellent parameters and features in the project, for
example, the separate collection rate (3) and waste collection interval (3). There was a
possibility to also recycle also gardening waste together with biowaste in the same container.
The emptying time and the number of drivers did not have any points (0) because there were
two drivers instead of one participating in the emptying process and it took a lot of time. The
number of drivers is affecting the collection costs remarkably. The separate collection must
work with one driver. The reason for the two drivers was the container weight and the
collection ergonomics. The composter got a grade of 1 because the full container is difficult
to handle, and an emptying cart was needed for the emptying. The emptying process is not
safe because of the weak ergonomics. The above-mentioned issues are the main reasons why
the collection system was left out of the proposal.
The emptying cost for the customer was evaluated with full points (3) even though project
executors were concerned the cost would be multiple times higher than the basic emptying
fee of biowaste. Even if one emptying would cost a lot compared to basic emptying, it would
be affordable annually. Costs for the service producer and the cost structure of the collection
system got a score of 1. The service would be too expensive for project executors as it was
implemented. The customer satisfaction category got very good points; three features got
full points (3). Customers were satisfied and adapted to the service easily, also the service
was close to the customer.
The evaluation of the biowaste group collection with a ventilated container
The evaluation of the biowaste group collection with a ventilated container project is in
Appendix 7. The average grades were given as following: a grade of 22/30 considering the
basic information and regional suitability, technical features obtained the grade 30/36, the
evaluation of cost was scored 13/18, and customer satisfaction got a grade of 11/12. The sum
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of all categories’ points was 76 points. The average of all points was 2.45 points. The
achievable points were 93. The biowaste group collection is feasible for small real estate but
also for small housing cooperatives (score 3). The system works both in urban and dispersed
settlements (scores 3) and is modifiable for the changing conditions and future targets (score
3). The weakness of the collection is the fragmented tendering out. The municipality is
tendering out part of the transportation activities and real estate owners are part of them. The
separate collection system worked in a cold climate quite well (score 2) but some tapping of
the container is needed during winter times.
The separate collection rate, waste recovery, and waste collection interval had full points
(3). With ventilated containers waste is collected efficiently and there is the possibility of
longer emptying intervals which decreases driving. Collection equipment had full points (3)
because those worked very well, and the lightweight of containers increases the collection
ergonomics and safety. The costs category had very good points, especially costs for
customers (score 3) are one of the lowest compared to other projects. The group model
decreases the costs because the cost is divided. The service was also affordable to implement
because there was no need for big investments or construction work. The customer
satisfaction was also excellent, and service was served close to customers in addition to that
it was adapted easily.
The evaluation of the collection system of the two-chamber car
The evaluation of the collection system of the two-chamber truck is in Appendix 8. The
average grades were given as following: a grade of 20/30 considering the basic information
and regional suitability, technical features obtained the grade 23/36, the evaluation of cost
was scored with a score of 10/18, and customer satisfaction got a grade of 5/12. The sum of
all categories’ points was 58 points. The average of all points was 2.24 points. The
achievable points were 78. The separate collection with the two-chamber truck had full
points considering the feasibility for detached houses and small real estates and dispersed
settlements. The collection model is effective in dispersed settlements because there are two
chambers in the truck when mixed waste and bio waste are collected at the same time. The
separate collection system is not feasible in urban settlements (score 1) because chambers
are too small. Chambers would get full too fast. This collection method responds well to the
needs of changing legislation, especially the biowaste requirement starting from 2024. Still,
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there is a need for development considering sizes of chambers because those are not sized
optimally. Considering technical features and performance, the collection system got full
points (3) of the emptying time because two waste fractions can be emptied at the same time.
Costs for the service producer and the cost structure of the service got full points (3) based
on the evaluation of service providers. The service is served close to the customer and the
grade was three (3).
The evaluation of the multi-compartment collection in the Helsinki Region
The evaluation of the multi-compartment collection in the Helsinki Region is in Appendix
9. The average grades were given as following: a grade of 24/30 considering the basic
information and regional suitability, technical features obtained the grade 23/36, the
evaluation of costs was scored with a score of 4/18, and customer satisfaction got a grade of
12/12. The sum of all categories’ points was 63 points. The average of all points was 2.18
points. The achievable points were 90. The category of background information and regional
suitability has the second-best points (score 24) compared to other collection models. The
multi-compartment collection has been a service in Eastern and Western Uusimaa since 2013
therefore the result was to be expected. The multi-compartment collection is very well
modifiable for the changing conditions and future targets (score 3). The system is feasible
for detached houses and small real estate (score 3). On the other hand, the collection system
is not practicable for bigger housing cooperatives (score 1).
The collection is served close to the customers (score 3) and multiple waste fractions are
collected at the same time. Different waste fractions are sorted more effectively because
containers are on the customer’s own yard. Related to this, the separate collection rate and
waste recovery got full grades (3). Disadvantages are the low number of multi-compartment
trucks and the high cost of the service hence there is a need for development. The weakness
of HSY’s project was the emptying interval (score 1). Emptying intervals were not optimal,
some lockers got full soon. The customer satisfaction category got full points for each
parameter. Customers are satisfied with the service which offers better recycling alternatives.
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The evaluation of the present multi-compartment collection in Eastern and
Western Uusimaa
The evaluation of the present multi-compartment collection in Eastern and Western Uusimaa
is in Appendix 10. The average grades were given as following: a grade of 25/30 considering
the basic information and regional suitability, technical features and performance obtained
the grade 25/36, the evaluation of cost was scored with 5/18, and customer satisfaction got
a grade of 12/12. The sum of all categories’ points was 67 points. The average of all points
was 2.23. The achievable points were 87. In the category of background information and
regional suitability, the multi-compartment collection of Eastern and Western Uusimaa got
full points (3) in the feasibility for detached houses, urban settlements, dispersed settlements,
number of customers in the project, project documentation, and modifiability for future
targets. The collection has been in operation a long time so experience has been gained. The
system is innovative and has possibilities for different variations considering future targets
(score 3). The collection system works well in urban and dispersed settlements (3). The
collection system is feasible for detached houses and small real estate (score 3). The
collection system is not possible in bigger housing cooperatives so the grade was only 1.
Considering technical features and performance, the collection got full points (3) in recycling
rate, waste recovery, the composition of waste, and waste containers. With this collection,
the system has a possibility for effective source separation and therefore better recycling
rates. The weakness of the collection is waste trucks (score 1). The waste truck is so
expensive and rare, only one or two trucks are available for multi-compartment collection.
The costs category got low points for each evaluated parameter, grade 1, for example,
considering costs for customers and costs for the service producer. The multi-compartment
collection system is expensive to implement. Collection equipment is expensive and
currently, the collection area is fragmented. The emptying price is high. The customer
satisfaction part got full points for each evaluated parameter. Customers are satisfied with
the service and it is served close to the customer. Even though the costs are expensive, the
collection system is responding to most of the criteria.
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The evaluation of the neighborhood collection
The evaluation of the neighborhood collection is in Appendix 11. The average grades were
given as following: a grade of 21/30 considering the basic information and suitability,
technical features obtained the grade 20/36, the evaluation of cost was scored of 8/18, and
customer satisfaction got a grade of 12/12. The sum of all categories’ points was 61 points.
The average of all points was 2.0 points. The achievable points were 93. Considering the
regional suitability, the following features got full points: the neighborhood collection
system is feasible for detached houses and small real estates, and housing cooperatives. The
feasibility in an urban and dispersed settlement is excellent when the grade was three (3)
considering both features. Disadvantages are that the system is not easily modifiable for the
changing conditions (score 1) and the biowaste collection does not work well during the
winter (score 1). The weakness of the system is that underground containers need a lot of
soil construction work, and it is very expensive. The maintenance and renewing costs are
high. A lot of work has to be done if new containers are needed.
Waste containers got a grade of 1. Waste containers have a locking system that makes things
more complicated. Some problems appear with keys: the keys got lost or customers forgot
to return keys. The coordination of keys also produces additional work for the project
executor. The biowaste container got frozen during the winter so underground containers
were replaced with basic biowaste containers. The influence on the land use planning got a
score of 1 because the collection system needs to be added to the plans. It produces work for
all parties. Considering costs, service costs were affordable for customers (score 3). Project
investments and waste containers got a grade of zero (0) because the system was very
expensive to implement. The estimated payback time was 30 years. The cost structure of the
collection system got a grade of 1. The cost structure is satisfactory and feasible in some
way but the system has a demand for the development. High costs and challenges with
containers are the reasons why the collection system was left out of the proposal. The
customer satisfaction category got full points for each parameter and feature. Customers
were satisfied because the service was close to the customers but far enough. The waste truck
is not driving close to the houses which it increases safety and decreases emissions.
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The evaluation of the co-mingled collection for plastics
The evaluation of the co-mingled collection is in Appendix 12. The average grades were
given as following: a grade of 25/30 considering the basic information and suitability,
technical features obtained the grade 24/36, the evaluation of cost was scored with a score
of 4/18, and customer satisfaction got a grade of 12/12. The sum of all categories’ points
was 65 points. The average of all points was 2.52 points. The achievable points were 72. The
project got the highest points in the category of background information and suitability hence
25 points. The project got the highest points (3) considering seven parameters in the
category. The separate collection system works excellently in a cold climate because the
plastic does not freeze. The collection system is feasible for all house types and works in
urban and dispersed settlements. The system is easily modifiable for the changing conditions
and future targets.
The separate collection rate and waste recovery got the highest points (3) because the project
promotes the recycling of different types of plastics. Considering costs there was not much
information available so the evaluation of costs was brief. The emptying price for the
customer was good (score 2), smaller than the Finnish average. The customer satisfaction
category reached full points in each parameter. Customers were satisfied with the service;
the recycling was easy. The collection system still has some weaknesses. Treatment options
are limited in Finland. During the project, plastic waste was transported to several locations
for treatment. Therefore, the overall GHG emissions of transportation may not be
sustainable. The lack of cost data and project documentation was disappointing. The abovementioned issues are the reasons why the collection system was left out of the proposal.
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6

PROPOSALS FOR THE SEPARATE COLLECTION SYSTEM FOR
THE COMPANY

The regional suitability of the separate collection systems, costs of the systems, waste
recoveries, and the reform of the waste legislation is considered in the proposal part. There
must be considered the geographical location and circumstances, which affect the collection
operations. In the coastal area of Finland, the environment is different, the area is mainly
dispersed settlement, islands are partly inhabited. The low population density is also
affecting planning. In Eastern and Western Uusimaa there are approximately 66 % of small
houses hence the planning is mainly based on that fact.
The reform of the waste legislation is affecting the planning of the waste separate collection
systems. The implementation of the new separate collection obligations is done in stages.
The first phase of the reform is to arrange a separate collection for recyclable materials
(cardboard, metal, glass, and plastic) in real estates where there are at least 10 apartments by
the 1st of July in 2021. This first phase concerns housing cooperatives therefore one
researched model could be adapted: the multi-compartment collection for real estate with ≤
10 apartments. The multi-compartment collection is a permanent service in the area therefore
adapting it as an extended version could be implemented easily and faster. The second phase
of the extension considering the source separate collection requirements of recyclable
materials commences on the 1st of July in 2023. The separate collection of recyclable
materials is arranged in the real estate where there are at least 5 apartments. This kind of real
estate is small housing cooperatives therefore suitable collection model could be the multicompartment collection.
The source separate collection obligations of biowaste will be extended on the 1st of January
in 2022 when the collection is arranged in residential buildings where there are at least 5
apartments in the urban settlements. The separate collection obligation of biowaste (≥ 5
apartments) has been in the waste management regulations of Eastern and Western Uusimaa
for several years therefore the change is not affecting to company’s operations. There are
several researched separate collection models which are feasible for the separate collection
of biowaste. In this study, the best option for biowaste collection is the biowaste group
collection with a ventilated container. The model could be adapted to the real estate with
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over 5 apartments. The collection system of the two-chamber truck could be adapted to this
phase of the separate collection extension. From these two models, a hybrid system could be
modified; the biowaste could be collected with a ventilated container and emptied with a
two-chamber truck in dispersed settlements.
The source separate collection obligations of biowaste will be extended on the 1st of July in
2024 when the collection is arranged in all residential buildings in the urban settlements of
at least 10 000 inhabitants. The separate collection requirement is affecting the city of
Porvoo, the city of Lohja, and the Nummela residential area in the city of Vihti. Rosk’n Roll
Ltd has planned to implement the biowaste collection transition in stages, starting from real
estate’s where there are 3-4 households. Considering this extension of the separate collection
of biowaste there are several options to implement effective biowaste collection. Based on
the evaluation, the best option for biowaste collection is the biowaste group collection with
a ventilated container. The recommendation is to implement that system in detached houses,
rowhouses, and small real estate (≤ 5 apartments). The recommendation considering
cramped and difficult areas would be to adapt Bioneeri collection model with few
modifications. Additionally, the multi-compartment collection could be feasible for
biowaste collection because the waste recovery was good.
Three proposals of the separate collection were done for Eastern and Western Uusimaa. The
proposal table is presented in Appendix 13. The best elements of the case models are
combined in the planning process. The most important aspects are waste recovery, costs, and
feasibility. Upgraded hybrid models are formed of the separate collection. The first model is
the Bioneer collection for multiple waste fractions, with a new name “Multineeri”. The
Multineeri model would be a complementary separate collection system for biowaste. The
second proposed model is the biowaste group collection with a ventilated container. The
biowaste group collection would be an alternative separate collection system for biowaste.
The third model is the multi-compartment collection. The multi-compartment collection
would be an alternative separate collection method. All modeled systems are based on
researched models, some ideas are presented on how the collections could be organized and
modified. At the same time, the mixed waste would be collected.
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6.1 Model 1: Bioneeri collection for multiple waste fractions
Bioneeri collection for multiple waste fractions would be a system where different waste
fractions are collected in small containers (35-50 l). The idea of this collection model is to
combine Bioneeri collection with the idea of the multi-compartment collection when it could
be called “Multineeri”. The collection model could be feasible especially in the residential
areas where it is cramped, where there are difficult roads, small plots, or lots of families with
small children. For example, the old town in the city of Porvoo is a cramped and difficult
area to pass through with a waste truck. Some inhabiting customers are interested in the
multi-compartment collection, but the service is difficult to put into practice because of the
large multi-compartment truck and difficult roads. The modified “Multineeri” collection
would offer several containers for recyclable materials (cardboard, glass, metal, plastic), bio
waste, and mixed waste. The emptying of small containers would be operated by a van. The
emptying interval for containers could be ≥ 2-4 weeks. The idea of bio links could be adapted
in the collection. “Multilinks” could be real estates or areas on the edge of the residential
area where waste is collected centralized in bigger containers and emptied by a waste truck.
Renewable fuels would be used in transportation to reduce GHG emissions. Advantages of
the project would be the small size of containers so relocating and moving them could be
easier. The driver could drive close to the house if a van is used in the collection. The
collection of containers could be done safely and easily. An advantage would also be that
there is no need for lots of room for car turnaround. The purpose of the service would be to
increase the recycling rate and motivate customers to recycle more effectively.

6.2 Model 2: the biowaste group collection with a ventilated container
The biowaste group collection with a ventilated container would be adapted to detached
houses, rowhouses, and small housing cooperatives. The collection method is feasible for
urban settlements and dispersed settlements. The ventilated container of size 140 liters is the
optimum for a group of two households. The ventilated container of size 240 liters is
recommended only for housing cooperatives where inhabitants ≤ 10 customers. The
optimized emptying interval would be four weeks for both group options. The ventilated
container enables a longer emptying interval because it does not produce odors. The cost
would be divided between households so the biowaste group collection would be a cost-
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efficient model. The two-chamber truck could be tested in the biowaste group collection,
especially in the dispersed settlements. There is a need for calculations, would it be feasible
also in urban settlements in Eastern and Western Uusimaa. The purpose of the service would
be to increase the recycling rate and motivate customers to recycle more effectively.

6.3 Model 3: the multi-compartment collection
The multi-compartment collection would be adapted widely to Eastern and Western
Uusimaa. The service would be offered for all small real estate located in urban settlements
and dispersed settlements. The service is feasible for detached houses, rowhouses, and small
real estates (under 10 households). There are multi-compartment containers in sizes 370
liters and 660 liters. There would be collected packaging materials (cardboard, glass, metal,
plastic), bio waste, and mixed waste. The packaging waste (cardboard, glass, metal, plastic)
would be collected in one multi-compartment container. The biowaste and mixed waste
could be collected in a two-compartment container or another multi-compartment container.
The other multi-compartment container could include lockers for mixed waste, biowaste,
paper, and WEEE. Customers could modify the system for their needs. One alternative could
be that the mixed waste is collected as a group collection. The emptying interval would vary
between 2-16 weeks depending on collected waste. As a new service, the indicator for
biowaste bags (figure 16) would be utilized. The indicator would be located on the container.
The indicator would communicate to the driver that households are out of biowaste bags.
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7

DISCUSSION AND CONCLUSIONS

European statistics show that in Finland the generated municipal waste per capita is higher
than in Sweden. The generated municipal waste was 566 kg per capita in Finland in 2019.
In Sweden, the generated municipal waste was 449 kg per capita in the year 2019. (Eurostat
2021.) In Finland, the generated municipal waste is then approximately 26 % more than in
Sweden. The difference is quite high between Sweden and Finland. Related to these
statistics, there has been an actual need for this kind of study. Meanwhile, the sorting of
waste at households should be more effective and waste generation should be prevented. The
important aspect is to increase environmental awareness among inhabitants. Communication
and information have a critical role in increasing environmental awareness. The multicompartment collection could increase the motivation for sorting and recycling when the
service is close to the customers and if the service would be obligatory.
Several separate collection methods were researched in this study. The separate collection
systems for biowaste were mostly affecting positively on waste recoveries. The biowaste
group collection with a ventilated container and the composter as a waste container had a
positive impact on emptying intervals when there was an opportunity to extend them.
Extended emptying intervals are affecting GHG emissions and costs positively because there
is no need to drive waste trucks so often. In the Bioneeri project, there were good waste
recoveries obtained. Bioneeri project also had a good influence on GHG emissions because
there was no need to drive waste trucks as much. The collection system of the two-chamber
truck is effective in dispersed settlements but then there were some issues with chamber
sizes. The composter as a waste container system could be cost-effective if there would not
be the need for two drivers.
The separate collection systems of multiple waste fractions might have a positive impact on
emissions in the big picture because inhabitants are not driving by themselves to collection
points when the collection itself is optimized and centralized. Based on this study, collection
systems of multiple waste fractions might influence motivation when inhabitants want to
sort and recycle waste effectively which has a positive impact on recycling rates and
recycling targets. One of the drivers is also the cost of the service so the multi-compartment
collection service should be more widely used to get the high cost lower. Considering the
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co-mingled collection for plastics, emissions might increase at first if inhabitants have an
option to sort and recycle all their plastics in one container which means more driving by
waste trucks. On the other hand, there might be an emission reduction because private car
use would decrease. There should be done a comprehensive LCA study to research impacts
of the transportation. The co-mingled collection for plastics could have a positive impact on
recycling rates when there must be considered different options to manage emissions, for
example, by optimizing the routing and using renewable fuels in transportation. Primarily,
the treatment infrastructure for plastics should be developed more carefully. There are not
so many treatment options or facilities for plastics, and the waste must be transported to
many locations for sorting and handling. If the waste is transported to many locations, the
transport emissions are increasing which is not sustainable.
Considering all the projects where conventional diesel is used in collection activities, the
recommendation would be the transition towards renewable fuels so GHG emissions of
transportation would decrease. In some areas, renewable fuels are poorly available, so there
is a need for a proper supply network. The transition towards sustainable transport needs
firstly a comprehensive supply network of renewable fuels.
In the future, if such a study is to be carried out, municipal waste management companies
should monitor their emissions. It would be interesting information if companies could
monitor their emissions considering different collection types. There it could be seen which
kind of impacts they have, and at the same time, the data of waste recoveries could be
compiled more exactly. It could be difficult to carry out collections as mentioned above
because there is a need for optimizing the routing of collections. Could it be possible to
modify different collection systems so that there would be unified and centralized collection
services in residential areas? The transition to this kind of system could take a lot of time
and demand possibly some legal activities.
If there is interest to compare and compile comprehensive statistics on emissions of the
separate waste collection, all municipal waste management companies should perform it on
the same principles. The recommendation would be that all the municipal waste management
companies would standardize emissions reporting and calculation methods. The
recommendation would be that there could be gathering data, for example, of driving
distances, driving kilometers by a waste fraction, fuel usage, the type of fuel, calculation
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methods, yearly GHG emissions, GHG emissions of different collection methods, if
possible, GHG emissions per household, and GHG emissions per waste kilogram and ton.
Referring to the reform of waste legislation, the responsibility of competitive tendering
should be managed by municipalities in the future. Now the competitive tendering is
fragmented because there is competitive tendering by municipalities and real estate owners.
This fragmented system complicates processes. All the data considering the transport of real
estates’ competitive tendering, is managed by private transport companies. If the data is
managed by private transport constructors, it is not always available for municipalities, or
the data has varying quality. When the municipality is arranging the separate waste
collection, the emission reduction can be 15-30 % lower than in the collection arranged by
the holder of property (KIVO 2021). As a result, the transition to a competitive tendering
system of municipalities would have an impact on the development of environmental and
emissions monitoring and the quality of data.
In the future, the aspect that working methods might change because of the COVID19
pandemic should be considered. Companies might implement hybrid models when more
inhabitants are working remotely and the waste is produced at homes. Therefore, it is
important to plan waste management to meet this transition.
There are few further research topics recommended considering this study and the topic. A
study considering the multi-compartment collection 3.0 pilot should be executed when it is
completed. The collection system could be scored with the grading method which was
developed for this research. It would be interesting to see results and how it is ranked among
other projects. Another further research topic could be the extended study on the multicompartment collection in Sweden where more systems would be studied in depth utilizing
surveys and in-depth interviewing. Thirdly, one further research topic could be the study of
special cases where anomalous residential areas would be mapped and solutions planned to
those areas.
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8

SUMMARY

In Finland, there is a need to develop separate collection systems to reach better waste
recovery and recycling rates. This study concentrated on biowaste and packaging waste to
paraphrase the objectives of the waste law. The main driver for the transition is the reform
of the waste legislation which has set new obligations for the separate collection of waste.
The separate collection of biowaste and packaging waste must be extended to households
where the waste management has not been earlier. New obligations set pressure on municipal
waste management companies. Comprehensive changes must be done to the collection
systems and new collection models are needed. In this research different implementation
alternatives were studied to optimize the separate collection of waste in Eastern and Western
Uusimaa in Finland to reach these goals.

In this study, eleven different separate collection systems were examined: eight systems from
Finland and three systems from Sweden. Four collection systems for biowaste were
researched: the biowaste separate collection project Bioneer, the composter as a waste
container project, the biowaste group collection with a ventilated container, and the
collection system of the two-chamber truck. The separate collection systems for multiple
waste fractions were researched. Selected systems for this study were the multi-compartment
collection, the neighborhood collection, and the co-mingled collection for plastics. Two
multi-compartment collection systems in Finland and three in Sweden were examined.
The research method in this study was a combination of quantitative and qualitative methods.
For the data collection, a web survey was sent to all case municipalities. The web survey
contained questions about examined practical experiences, waste recoveries, costs,
emissions, and customer satisfaction. Based on the web survey results, in-depth interviews
were carried out. The separate collection systems were analyzed based on the obtained data.
The analyzing method was a self-developed method based on the Likert Scale in this study.
All Finnish separate collection methods were evaluated with the evaluation matrix and
grading table (Appendix 4). 33 parameters and features were evaluated and scored from 0 to
3. Based on the grading, three best waste separate collection alternatives were discovered.
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Based on the evaluation, a proposal of the separate collection systems was planned. A
proposal for collection models is presented in Appendix 13. Three different separate
collection methods were proposed based on the separate collection of biowaste in the
Bioneeri project, the biowaste group collection with a ventilated container, and multicompartment collection. All these separate collection systems had good waste recovery rates,
environmental performance and were cost-efficiency. Few modifications were designed to
the models to reach better performance, cost structure, and environmental impact.
The first model, the separate collection system Bioneer was modified so that also packaging
waste (metal, plastic, glass, and cardboard) and mixed waste beside the biowaste would be
collected. The second model is a variation of the biowaste group collection with a ventilated
container. There in the collection ventilated biowaste containers are utilized and offered to
all detached houses as a group collection. The third model is the multi-compartment
collection where the households have the option to select suitable waste bins for their needs.
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The web survey for Finnish municipal waste management companies
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The web survey for Swedish municipal waste management companies
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The interview form

Haastattelulomake
Haastattelun kysymykset
Haastatteluiden avulla kerätään verkkokyselyn tuloksista lisätietoa ja tarkennuksia.
Taustatiedot
1. Kuinka monta asukasta (kpl) oli keräyskokeilun piirissä?
2. Kuinka laajalla alueella keräyskokeilu toteutettiin? Esim. kokonainen asuinalue,
kunta jne.
3. Millainen asuntorakenne tutkittavalla alueella on? Omakotitaloja, kerrostaloja,
rivitaloja? Kuinka paljon niitä on ja missä suhteessa?
4. Onko tietoa asukkaiden elämäntilanteesta (opiskelija, pikkulapsiperhe, eläkeläinen
jne.)?
5. Onko tietoa asukkaiden lajittelutottumuksista?
6. Suoritettiinko keräilykokeilu taajamassa, haja-asutusalueella vai molemmissa?
7. Keitä on ollut hankkeessa mukana? (Onko ollut yhteistyötahoja tms.)
8. Onko hanke implementoitu osaksi nykyjärjestelmää tai aikeissa ottaa käyttöön
tulevaisuudessa? Tehdäänkö muutoksia? Jos kyllä, niin mitä?
9. Onko toiminta-alueellanne tapahtumassa sellaisia kehityssuuntauksia, mitkä
vaikuttaisivat kuljetustenne kilpailutuksiin? Kuten esimerkiksi jokin uusi uusiutuva
polttoaine tulee saataville?
Tekniikka ja suorituskyky
10. Mikä oli keskimääräinen jäteastian tyhjennysaika (min) keräyskokeilun aikana?
11. Mitkä olivat keräyskokeilun saannot?
12. Mitkä olivat saannot asukasta kohti laskettuna?
13. Mitä polttoainetta on käytetty kuljetuksissa?
14. Millaisia keräysvälineitä projektissa käytettiin? Astiat, autot jne.?
15. Mitä muuta tekniikkaa keräyskokeilussa käytettiin? Käytettiinkö jotain uutta
tekniikkaa keräyskokeilun aikana? Esim. digitaalisia mittareita,
suunnitteluohjelmistoja jne.
16. Oliko keräyskokeilussa jäteautossa kuljettajia enemmän kuin yksi?
Kustannukset
17. Onko keräyskokeilun mukainen keräysjärjestelmä lainkaan mahdollinen
kustannusten osalta?
18. Onko teillä arviota siitä, mikä olisi kustannustaso, jos palvelu olisi laajemmin
käytössä? Mikä olisi palvelun laajuus, jotta kustannustaso olisi kohtuullinen tai
toteutettavissa oleva?
19. Millaisia investointeja yhtiö teki keräyskokeilua varten?
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20. Hankittiinko tai vuokrattiinko keräysautoja, astioita, kiinteistöjä? Jos jotain
hankittiin, mitkä olivat investointien arvioidut käyttöiät tai investoinnin pitoaika?
21. Mitä investoinnit maksoivat?
22. Mikä oli keräyskokeilun keräysautojen hankintahinta verrattuna tavallisen jäteauton
hintaan?
23. Oliko millaisia työntekijäkustannuksia?
24. Mitä palvelu kokonaisuudessaan maksoi asiakkaalle ja mitä hinta piti sisällään (astia,
keräys, kuljetus, käsittely jne.)?
25. Oliko muita maksuja asiakkaalle?
26. Mietittiinkö urakoitsijoille tai muille sidosryhmille aiheutuvia kustannuksia
mahdollisen uuden palvelun osalta?
Päästöt
27. Mitkä olivat keräyskokeilun kuljetuksen kasvihuonekaasupäästöt?
28. Miten päästöjä laskettiin?
29. Millaisia lähtöarvoja tai oletuksia päästölaskennassa käytettiin?
Asiakastyytyväisyys
30. Ketkä olivat kyselyn kohteena? Eri sidosryhmät; asiakkaat, kuljettajat jne.
31. Millaisia tuloksia saatiin?
32. Oliko eri kohderyhmillä eriäviä mielipiteitä? Miksi?
33. Saitteko eri sidosryhmiltä kehitysehdotuksia?
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Grading table and Evaluation matrix

GRADING TABLE AND EVALUATION MATRIX
Grading
N/A = The information was not available
0 = Unsatisfactory, not responding to the expectations, infeasible
1 = Satisfactory, feasible in some way, demand for the development
2 = Good, responding to the expectations, works as it stands
3 = Very good, Excellent, exceeding expectations, improve the development, innovative
Evaluated parameters and features

Score
(0-3)

Background information and regional suitability
The separate collection system works in a cold climate (snow, ice, minus
degrees)
The separate collection system is feasible for detached houses and small
real estates (≤ 5 households)
The separate collection system is feasible for housing cooperatives
The separate collection system is feasible in urban settlements
The separate collection system is feasible in dispersed settlements
The population density is comparable (between case-company and
commissioner)
The number of customers in the project
The competitive tendering (the owner of real estate vs. municipality)
Project documentation
The system is modifiable for the changing conditions and future targets
Background information and regional suitability, max 30 p.
Technical features and performance
The recycling rate
The waste recovery
The emptying time of waste container

0
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The waste collection interval
Driving distances
The composition of the waste
Waste containers
Other equipment related to a collection
Waste cars
Emptyings worked well
The collection ergonomics
The number of drivers
Influence on the land use planning
Technical features and performance, max 36 p.

0

Costs
The emptying cost for the customer
Other costs for the customers
Investments (other like real estates, construction work)
Costs of waste containers
Costs for the service producer (MSW management company)
The cost structure of the separate collection system
Costs, max 18 p.

0
Customer satisfaction

The new service was served close to the customer
Adaption of the new service was easy for the customers
Customer satisfaction
Communication and information of the project
Customer satisfaction, max 12 p.

0

Total (the sum)

0

Total (the average)

#JAKO/0!

Achievable points

0
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The evaluation of the biowaste separate collection project Bioneeri
Bioneeri
GRADING TABLE AND EVALUATION MATRIX
Grading
N/A = The information was not available
0 = Unsatisfactory, not responding to the expectations, infeasible
1 = Satisfactory, feasible in some way, demand for the development
2 = Good, responding to the expectations, works as it stands
3 = Very good, Excellent, exceeding expectations, improve the development, innovative
Evaluated parameters and features

Score
(0-3)

Background information and regional suitability
The separate collection system works in a cold climate (snow, ice, minus
degrees)
The separate collection system is feasible for detached houses and small
real estates (≤ 5 households)

2

3

The separate collection system is feasible for housing cooperatives

0

The separate collection system is feasible in urban settlements

3

The separate collection system is feasible in dispersed settlements

3

The population density is comparable (between case-company and
commissioner)

2

The number of customers in the project

2

The competitive tendering (the owner of real estate vs. municipality)

1

Project documentation

N/A

The system is modifiable for the changing conditions and future targets

3

Background information and regional suitability, max 30 p.

19

Technical features and performance
The recycling rate

3

The waste recovery

3

The emptying time of waste container

2

The waste collection interval

2
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The composition of the waste

2

Waste containers

3

Other equipment related to a collection

2

Waste cars

3

Bin emptyings worked well

2

The collection ergonomics

2

The number of drivers

2

Influence on the land use planning

2

Technical features and performance, max 36 p.

26

Costs
The emptying cost for the customer
Other costs for the customers

3
N/A

Investments (other like real estates, construction work)
Costs of waste containers

3
N/A

Costs for the service producer (MSW management company)

3

The cost structure of the separate collection system

3

Costs, max 18 p.

12
Customer satisfaction

The new service was served close to the customer

3

Adaption of the new service was easy for the customers

3

Customer satisfaction

3

Communication and information of the project

3

Customer satisfaction, max 12 p.

12

Total (the sum)

69

Total (the average)

2.46

Achievable points

87
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Evaluation of the composter as a waste container project
The composter as a waste container
GRADING TABLE AND EVALUATION MATRIX
Grading
N/A = The information was not available
0 = Unsatisfactory, not responding to the expectations, infeasible
1 = Satisfactory, feasible in some way, demand for the development
2 = Good, responding to the expectations, works as it stands
3 = Very good, Excellent, exceeding expectations, improve the development, innovative

Evaluated parameters and features

Score
(0-3)

Background information and regional suitability
The separate collection system works in a cold climate (snow, ice, minus

N/A

degrees)
The separate collection system is feasible for detached houses and small

3

real estates (≤ 5 households)
The separate collection system is feasible for housing cooperatives

1

The separate collection system is feasible in urban settlements

3

The separate collection system is feasible in dispersed settlements

3

The population density is comparable (between case-company and

2

commissioner)
The number of customers in the project

1

The competitive tendering (the owner of real estate vs. municipality)

2

Project documentation

2

The system is modifiable for the changing conditions and future targets

3

Background information and regional suitability, max 30 p.

20

Technical features and performance
The recycling rate

3

The waste recovery

2

The emptying time of waste container

0
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The waste collection interval

3

The composition of the waste

2

Waste containers

1

Other equipment related to a collection

2

Waste cars

2

Bin emptyings worked well

1

The collection ergonomics

1

The number of drivers

0

Influence on the land use planning

2

Technical features and performance, max 36 p.

19

Costs
The emptying cost for the customer

3

Other costs for the customers

2

Investments (other like real estates, construction work)

N/A

Costs of waste containers

2

Costs for the service producer (MSW management company)

1

The cost structure of the separate collection system

1

Costs, max 18 p.

9
Customer satisfaction

The new service was served close to the customer

3

Adaption of the new service was easy for the customers

3

Customer satisfaction

3

Communication and information of the project

2

Customer satisfaction, max 12 p.

11

Total (the sum)

59

Total (the average)

1.97

Achievable points

90
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The evaluation of the biowaste group collection with a ventilated container
The biogroup collection with a ventilated container
GRADING TABLE AND EVALUATION MATRIX
Grading
N/A = The information was not available
0 = Unsatisfactory, not responding to the expectations, infeasible
1 = Satisfactory, feasible in some way, demand for the development
2 = Good, responding to the expectations, works as it stands
3 = Very good, Excellent, exceeding expectations, improve the development, innovative

Evaluated parameters and features

Score
(0-3)

Background information and regional suitability
The separate collection system works in a cold climate (snow, ice, minus

2

degrees)
The separate collection system is feasible for detached houses and small

3

real estates (≤ 5 households)
The separate collection system is feasible for housing cooperatives

2

The separate collection system is feasible in urban settlements

3

The separate collection system is feasible in dispersed settlements

3

The population density is comparable (between case-company and

2

commissioner)
The number of customers in the project

2

The competitive tendering (the owner of real estate vs. municipality)

1

Project documentation

1

The system is modifiable for the changing conditions and future targets

3

Background information and regional suitability, max 30 p.

22

Technical features and performance
The recycling rate

3

The waste recovery

3

The emptying time of waste container

2
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The waste collection interval

3

The composition of the waste

2

Waste containers

3

Other equipment related to a collection

3

Waste cars

2

Bin emptyings worked well

2

The collection ergonomics

3

The number of drivers

2

Influence on the land use planning

2

Technical features and performance, max 36 p.

30

Costs
The emptying cost for the customer

3

Other costs for the customers

2

Investments (other like real estates, construction work)

N/A

Costs of waste containers

2

Costs for the service producer (MSW management company)

3

The cost structure of the separate collection system

3

Costs, max 18 p.

13
Customer satisfaction

The new service was served close to the customer

3

Adaption of the new service was easy for the customers

3

Customer satisfaction

3

Communication and information of the project

2

Customer satisfaction, max 12 p.

11

Total (the sum)

76

Total (the average)

2.45

Achievable points

93

Appendix VIII, 1

The evaluation of the collection system of the two-chamber truck
The separate collection with a two-chamber truck
GRADING TABLE AND EVALUATION MATRIX
Grading
N/A = The information was not available
0 = Unsatisfactory, not responding to the expectations, infeasible
1 = Satisfactory, feasible in some way, demand for the development
2 = Good, responding to the expectations, works as it stands
3 = Very good, Excellent, exceeding expectations, improve the development, innovative

Evaluated parameters and features

Score
(0-3)

Background information and regional suitability
The separate collection system works in a cold climate (snow, ice, minus

2

degrees)
The separate collection system is feasible for detached houses and small

3

real estates (≤ 5 households)
The separate collection system is feasible for housing cooperatives

2

The separate collection system is feasible in urban settlements

1

The separate collection system is feasible in dispersed settlements

3

The population density is comparable (between case-company and

2

commissioner)
The number of customers in the project

3

The competitive tendering (the owner of real estate vs. municipality)

2

Project documentation

N/A

The system is modifiable for the changing conditions and future targets

2

Background information and regional suitability, max 30 p.

20

Technical features and performance
The recycling rate

2

The waste recovery

2

The emptying time of waste container

3

Appendix VIII, 2

The waste collection interval

2

The composition of the waste

2

Waste containers

2

Other equipment related to a collection

N/A

Waste cars

2

Bin emptyings worked well

2

The collection ergonomics

2

The number of drivers

2

Influence on the land use planning

2

Technical features and performance, max 36 p.

23

Costs
The emptying cost for the customer

2

Other costs for the customers

N/A

Investments (other like real estates, construction work)

N/A

Costs of waste containers

2

Costs for the service producer (MSW management company)

3

The cost structure of the separate collection system

3

Costs, max 18 p.

10
Customer satisfaction

The new service was served close to the customer

3

Adaption of the new service was easy for the customers

2

Customer satisfaction

N/A

Communication and information of the project

N/A

Customer satisfaction, max 12 p.

5

Total (the sum)

58

Total (the average)

2.24

Achievable points

78

Appendix IX, 1

The evaluation of the multi-compartment collection in Helsinki Region
the multi-compartment collection in Helsinki Region
GRADING TABLE AND EVALUATION MATRIX
Grading
N/A = The information was not available
0 = Unsatisfactory, not responding to the expectations, infeasible
1 = Satisfactory, feasible in some way, demand for the development
2 = Good, responding to the expectations, works as it stands
3 = Very good, Excellent, exceeding expectations, improve the development, innovative

Evaluated parameters and features

Score
(0-3)

Background information and regional suitability
The separate collection system works in a cold climate (snow, ice, minus

2

degrees)
The separate collection system is feasible for detached houses and small

3

real estates (≤ 5 households)
The separate collection system is feasible for housing cooperatives

1

The separate collection system is feasible in urban settlements

3

The separate collection system is feasible in dispersed settlements

3

The population density is comparable (between case-company and

1

commissioner)
The number of customers in the project

3

The competitive tendering (the owner of real estate vs. municipality)

2

Project documentation

3

The system is modifiable for the changing conditions and future targets

3

Background information and regional suitability, max 30 p.

24

Technical features and performance
The recycling rate

3

The waste recovery

3

The emptying time of waste container

2
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The waste collection interval

1

The composition of the waste

2

Waste containers

3

Other equipment related to a collection

N/A

Waste cars

1

Bin emptyings worked well

2

The collection ergonomics

2

The number of drivers

2

Influence on the land use planning

2

Technical features and performance, max 36 p.

23

Costs
The emptying cost for the customer

1

Other costs for the customers

N/A

Investments (other like real estates, construction work)

N/A

Costs of waste containers

1

Costs for the service producer (MSW management company)

1

The cost structure of the separate collection system

1

Costs, max 18 p.

4
Customer satisfaction

The new service was served close to the customer

3

Adaption of the new service was easy for the customers

3

Customer satisfaction

3

Communication and information of the project

3

Customer satisfaction, max 12 p.

12

Total (the sum)

63

Total (the average)

2.18

Achievable points

90

Appendix X, 1

The evaluation of the multi-compartment collection in Eastern and Western Uusimaa
The multi-compartment collection in Eastern and Western Uusimaa
GRADING TABLE AND EVALUATION MATRIX
Grading
N/A = The information was not available
0 = Unsatisfactory, not responding to the expectations, infeasible
1 = Satisfactory, feasible in some way, demand for the development
2 = Good, responding to the expectations, works as it stands
3 = Very good, Excellent, exceeding expectations, improve the development, innovative

Evaluated parameters and features

Score
(0-3)

Background information and regional suitability
The separate collection system works in a cold climate (snow, ice, minus

2

degrees)
The separate collection system is feasible for detached houses and small

3

real estates (≤ 5 households)
The separate collection system is feasible for housing cooperatives

1

The separate collection system is feasible in urban settlements

3

The separate collection system is feasible in dispersed settlements

3

The population density is comparable (between case-company and

2

commissioner)
The number of customers in the project

3

The competitive tendering (the owner of real estate vs. municipality)

2

Project documentation

3

The system is modifiable for the changing conditions and future targets

3

Background information and regional suitability, max 30 p.

25

Technical features and performance
The recycling rate

3

The waste recovery

3

The emptying time of waste container

2

Appendix X, 2

The waste collection interval

2

The composition of the waste

3

Waste containers

3

Other equipment related to a collection

N/A

Waste cars

1

Bin emptyings worked well

2

The collection ergonomics

2

The number of drivers

2

Influence on the land use planning

2

Technical features and performance, max 36 p.

25

Costs
The emptying cost for the customer

1

Other costs for the customers

N/A

Investments (other like real estates, construction work)

N/A

Costs of waste containers

1

Costs for the service producer (MSW management company)

1

The cost structure of the separate collection system

1

Costs, max 18 p.

4
Customer satisfaction

The new service was served close to the customer

3

Adaption of the new service was easy for the customers

3

Customer satisfaction

3

Communication and information of the project

3

Customer satisfaction, max 12 p.

12

Total (the sum)

66

Total (the average)

2.28

Achievable points

72

Appendix XI, 1

The evaluation of the neighborhood collection in Northern Finland
The neighborhood collection in Northern Finland
GRADING TABLE AND EVALUATION MATRIX
Grading
N/A = The information was not available
0 = Unsatisfactory, not responding to the expectations, infeasible
1 = Satisfactory, feasible in some way, demand for the development
2 = Good, responding to the expectations, works as it stands
3 = Very good, Excellent, exceeding expectations, improve the development, innovative

Evaluated parameters and features

Score
(0-3)

Background information and regional suitability
The separate collection system works in a cold climate (snow, ice, minus

1

degrees)
The separate collection system is feasible for detached houses and small

3

real estates (≤ 5 households)
The separate collection system is feasible for housing cooperatives

3

The separate collection system is feasible in urban settlements

3

The separate collection system is feasible in dispersed settlements

3

The population density is comparable (between case-company and

2

commissioner)
The number of customers in the project

1

The competitive tendering (the owner of real estate vs. municipality)

1

Project documentation

3

The system is modifiable for the changing conditions and future targets

1

Background information and regional suitability, max 30 p.

21

Technical features and performance
The recycling rate

2

The waste recovery

2

The emptying time of waste container

2
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The waste collection interval

2

The composition of the waste

N/A

Waste containers

1

Other equipment related to a collection

2

Waste cars

2

Bin emptyings worked well

2

The collection ergonomics

2

The number of drivers

2

Influence on the land use planning

1

Technical features and performance, max 36 p.

20

Costs
The emptying cost for the customer

3

Other costs for the customers

3

Investments (other like real estates, construction work)

0

Costs of waste containers

0

Costs for the service producer (MSW management company)

1

The cost structure of the separate collection system

1

Costs, max 18 p.

8
Customer satisfaction

The new service was served close to the customer

3

Adaption of the new service was easy for the customers

3

Customer satisfaction

3

Communication and information of the project

3

Customer satisfaction, max 12 p.

12

Total (the sum)

61

Total (the average)

2.00

Achievable points

93

Appendix XII, 1

The evaluation of the co-mingled collection for plastics
The co-mingled collection for plastics
GRADING TABLE AND EVALUATION MATRIX
Grading
N/A = The information was not available
0 = Unsatisfactory, not responding to the expectations, infeasible
1 = Satisfactory, feasible in some way, demand for the development
2 = Good, responding to the expectations, works as it stands
3 = Very good, Excellent, exceeding expectations, improve the development, innovative

Evaluated parameters and features

Score
(0-3)

Background information and suitability
The separate collection system works in a cold climate (snow, ice,

3

minus degrees)
The separate collection system is feasible for detached houses and

3

small real estates (≤ 5 households)
The separate collection system is feasible for housing cooperatives

3

The separate collection system is feasible in urban settlements

3

The separate collection system is feasible in dispersed settlements

3

The population density is comparable (between case-company and

2

commissioner)
The number of customers in the project

3

The competitive tendering (the owner of real estate vs. municipality)

2

Project documentation

N/A

The system is modifiable for the changing conditions and future targets

3

Background information and regional suitability, max 30 p.

25

Technical features and performance
The recycling rate

3

The waste recovery

3

The emptying time of waste container

2

Appendix XII, 2

The waste collection interval

2

The composition of the waste

2

Waste containers

2

Other equipment related to a collection

N/A

Waste cars

2

Bin emptyings worked well

2

The collection ergonomics

2

The number of drivers

2

Influence on the land use planning

2

Technical features and performance, max 36 p.

24

Costs
The emptying cost for the customer

2

Other costs for the customers

N/A

Investments (other like real estates, construction work)

N/A

Costs of waste containers

2

Costs for the service producer (MSW management company)

N/A

The cost structure of the separate collection system

N/A

Costs, max 18 p.

4
Customer satisfaction

The new service was served close to the customer

3

Adaption of the new service was easy for the customers

3

Customer satisfaction

3

Communication and information of the project

3

Customer satisfaction, max 12 p.

12

Total (the sum)

65

Total (the average)

2.52

Achievable points

72

Appendix XIII, 1

The proposal of the separate collection systems for Eastern and Western Uusimaa
“X” indicates the suitability

