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Abstract. The particular problems waste collection in low-density areas include the long travel distances required together 
with the small amount of waste that can be collected during a long journey. The current research investigates the amount of air 
pollutants (CO2, CO, HC, NOx and PM) formed in low-density areas when the current waste collection system is applied, and 
it proposes options for the minimisation of pollutant emissions. The calculation of air pollutants was carried out according to 
the amount of burnt fuel. There are no requirements for waste truck emission levels in low-density areas. Emissions could be 
reduced if there were requirements to use at least EURO III trucks or trucks that comply with higher standards. The optimisation 
of discharge frequency needs to be dealt with. Emptying containers should be carried out at the same time and in the same 
collecting area. If different waste types are collected according to the door-to-door system, trucks that can collect different 
waste types simultaneously should be used. The quantity of emissions could be reduced by replacing the door-to-door system 
by a waste collection point in a village or a waste station in a municipality centre. 
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Introduction  

Waste collection systems have been implemented throughout the world. In developing countries, this is mostly done 

by manual labour and, in most cases, the waste is transported to landfills (Amponsah, Salhi 2004: 711–721). In devel-
oped countries, a variety of waste streams are collected in order to send materials to processing (Dahlén et al. 2007: 
1298–1305). 

Waste collection and transport is one of the biggest cost items in terms of solid waste management (Greco et al. 
2014: 364–371; D’Onza et al. 2016: 59–65; Johansson 2006: 875–885; Tavares et al. 2009: 1176–1185) therefore, it 
is extremely important to optimise this activity (Vilms et al. 2015). 

The optimisation of waste transportation that reduces collection costs (Faccio et al. 2011: 2391–2405), environ-
mentally friendly fuels that have less impact on the environment (Yang et al. 2015: 242–249) and modern solutions 

(filling-level sensor, global positioning systems) (Anghinolfi et al. 2013: 287–296; Faccio et al. 2011: 2391–2405; 
Johansson 2006: 875–885) provide a variety of solutions for waste collection. 

The optimisation of a transport schedule is without doubt a topic that must be addressed everywhere. In most 

cases, the further away from densely populated areas, the more optimal the transport schedules are, particularly for 

reducing transportation costs. In city areas and suburban districts, there are many waste producers and thus considera-

bly more waste to collect. Therefore, it may be more cost effective to go in the same street several times. In a free 

market situation, in order to achieve customer satisfaction, the waste transporter is willing to go to the waste producer 

when the latter so requires, not when it would be most optimal for the waste transporter. 

The definition of a low-density area in the context of this article is a small village located in open land with single-

family houses and farm houses. Each collection point provides little household waste and the driving distance is sig-

nificant between collection points (200–1,000m or more). 

The main problems with waste collection in low-density areas are the long distances and small quantity of waste 

collected from the waste producer. Large trucks that collect waste are a burden on roads, and exhaust emissions caused 

by burnt fuel on long distances pollute the environment. Diesel fuel with a combustion process that causes emissions 

is widely used in garbage trucks. The environmental impact is a result of both the quantity of the diesel burnt and the 

required level of purity established by different standards that the exhaust emissions must have. (Larsen et al. 2010: 
744–754) Fuel consumption and the depending volumes of emissions depend on various factors, such as – collection 

area, driver, distance, idle run, vehicle weight, etc. (Sandhu et al. 2016; Farzaneh et al. 2014; Zsigraiova et al. 2013: 
793–806).  

While, for example, noise generated by vehicles is also a problem in big cities (Rey Gozalo et al. 2016: 143–
147), in rural areas it is not a problem because there are fewer people and the noise generated by trucks is short-lived, 

lasting only as long as it takes the truck to empty the container. 
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Currently, household waste in Estonian low-density areas is collected by using the door-to-door collection 

method. In this system, the waste container is located as close as possible to the waste producer and the producer is 

obliged to see to it that the container is ready to be emptied at the right time (Dahlén, Lagerkvist 2010: 577–86; 

González-Torre et al. 2003: 129–138). 
The door-to-door collection method has the advantage of collecting waste from each household. Thus, the mate-

rial that the holder of waste sorts can be collected neatly and with little effort. However, the waste producer should 

have separate collecting bins for paper, bio-waste and household waste for the collection of clean sorted materials. 

There should be two or more cars going in each region to collect all the waste that has been collected by type. This in 

turn means twice or more times the load on both the environment and other aspects (road congestion, noise, fuel 

consumption, truck depreciation, etc.). The time spent by the worker on one ton of waste collected in low-density areas 

is higher than in densely populated areas because the distances are long and the quantity of waste collected from the 

waste producer is smaller. 

There is also insufficient awareness among people about how to sort waste and why it should be done. In order 

to improve the results of waste sorting, it is necessary to increase people's environmental consciousness in this area. 

The practice of burning household waste in bonfires is widely used all over the world (Watson 2012) and unfortunately 

it also takes place in many low-density areas of Estonia with the purpose of getting rid of waste by way of burning it. 

Everything is burnt (for example, it is very common to burn old oils and various types of plastic packaging), despite 

the fact that the burned material may harm the environment and cause pollution. A test of burning household waste 

was performed in order to measure pollutant concentrations and emissions. The results showed high concentrations of 

carcinogenic (PCDD/F, PAH) compounds, which led to the conclusion that burning waste in open fires must be avoided 

because a significant amount of compounds that are directly harmful to human health is emitted into the ambient air 

(Maasikmets et al. 2016: 438–446). 
The current research investigates the amount of air pollutants (CO2, CO, HC, NOx and PM) formed in low-density 

areas when the current waste collection system (door-to-door) is applied, and it proposes options for the minimisation 

of pollutant emissions.  

Methodology 

The survey was conducted in ten villages of different sizes in different regions of Estonia. The number of people of 

the surveyed villages was between 3 and 111. The frequency of visits of the garbage truck to the village, the length of 

the route in the village and the fuel consumption on the village territory were surveyed. On the basis of the obtained 

data, the average lengths of the route of the truck and the annual fuel consumption per village were received. 

Air pollution emissions are calculated according to the amount of burnt fuel. 

To calculate air pollutants, the amount of energy released in the process of burning diesel fuel is determined. 

 ( ) ( ),
kWh

E kWh Q N kg
kg

= ⋅  (1) 

where: Q – calorific value of diesel fuel; N – the amount of consumed fuel; E – energy. 

Proceeding from the initial data, the quantity of used fuel in litres is known; equation 2 is used to determine the 

mass quantity of the consumed fuel. 

 
V

m
=ρ  (2) 

where: ρ – fuel density; V – volume; m – molar mass. 

EU Emission standards for trucks and buses (DieselNet 2016) present chemical exhaust emissions for diesel 

engines (CO, HC, NOx, Particles). Having determined the energy by using equation (1), we can calculate the emission 

amounts formed in the process of burning the given amount of diesel fuel, according to the target in the emission 

standards (equation 3). 

 ( ) ( ) ,
g

E g E kWh E
a t kWh

= ⋅  (3) 

where: Ea – emission amount; E – energy; Et – emission target. 

The average formula of diesel fuel C12H23 is used to determine the amount of generated CO2. 

The reaction developing in the process of burning diesel is expressed in equation 4. 

 17.75 12 11.5 ;
12 23 2 2 2

C H O CO H O+ = +  (4) 
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where: nd – moles of diesel fuel; M – molar mass; n – moles; m – mass. 

According to equation 6, burning 1 litre diesel fuel, 2,593 kg CO2 will be produced. 

mol

g
molmolkgCO 441291.4

2
593.2 ⋅⋅= . 

Discussions 

The separate collection of waste is an obligation required by legislation (Riigiteataja 2016). All waste producers must 

collect waste separately, regardless of whether they live in an urban area or in a low-density area. 

With regard to the European Commission’s initiative on Europe’s transition to a circular economy (European 

Commission 2016), the targets for municipal waste recycling are 60% by 2025 and 65% by 2030, which is an especially 

big challenge for Eastern Europe. The biggest problem in Estonia is achieving the target for plastic material, which is 

55% for 2025. Currently, the achieved target is approximately 29% (Keskkonnaministeerium 2016). In connection 

with an increase in recycling targets, waste collection and sorting, particularly in low-density areas, require optimisa-

tion and upgrading, and in the near future. 

A survey carried out by the Stockholm Environment Institute Tallinn Centre (SEI Tallinn 2013) showed that the 

average amount of household waste generated per person in Estonia is 216 kg. A garbage truck can hold an average of 

10–12 tons of waste. If on an average there are 50 inhabitants in a low-density village (Beltadze 2012), then the amount 

of mixed household waste collected from one village is 216 * 50 = 10.8 tons/year. Proceeding from the aforementioned 

calculation, it would be sufficient if one garbage truck visited the village once a year on average. However, the long 

term storage of mixed household waste gives rise to other problems, which are mostly caused by the degradation of 

bio-waste (odour, rodents, bacteria, fermentation). 

If people sorted their waste properly then the amount of household waste would be relatively small. Currently, it 

is compulsory to collect waste separately and the local governments or producer responsibility organisations have had 

to create possibilities for the disposal of separately collected waste. The places meant for delivery are mostly created 

in the centres of urban communities or near shops – in places where people often go. 

If the current door-to-door collection system was also used for collecting waste separately, the waste transporter 

would have to make several collection rounds. Each additional waste collection round increases the volume of air 

emissions. By using a multichamber truck, it would be possible to slightly reduce the volume of air emissions. 

If a person living in a low-density area sorted the generated waste, the quantities of different types of waste per 

capita would be as shown in Table 1. The most abundant type of waste would be bio-waste. There is enough space in 

the vicinity of a low-density area and all the generated bio-waste should be composted there so that the waste trans-

porter or the holder of waste would not have to collect it. Other types of waste presented in Table 1 should already now 

be collected separately in accordance with the legislation in force (Riigiteataja 2016) and delivered to the waste trans-

porter through the waste collection points created for that purpose, which are mostly located in the centres of local 

governments or near shops. 

Table 1. Waste composition of mixed household waste and the volume in litres according  
to the density of the type of waste (*SEI Tallinn 2013; SEI Tallinn 2008) 

Type of waste 
Quantity in mixed house-

hold waste 

kg/pers./yr* 

Percent of mixed household 
waste* 

 

Volume (litres) 

 

Average density, 
kg/m3 

Household waste 46 24 240 200 

Bio-waste 69 31 210 330 

Paper/cardboard 29 13 480 60 

Packaging 65 29 430 150 

Other (electrical and 
electronic, hazardous, 

etc.) 

7 3 
  

 

If we assume that people sort the waste in accordance with the regulations, then the amount of household waste 

collected with the door-to-door system would be much smaller than it is now; thereby, the occurrence of air emissions 

would also be less. Mostly, the density of household waste varies between 87 and 348 kg/m3 (Eek 2007; Bilitewski 
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et al. 1997; Wrap, Futures 2010). In a low-density area, the most common container size is 240 litres. If we consider 

that the average density of household waste is 200 kg/m3, then a person should empty a household waste container 

once a year. As an average family consists of 2.4 people (Statistikaamet 2016), then the amount of household waste is 

actually higher, and a 240-litre container should be emptied three times a year. If a waste collection point were set up 

in a village centre, one could calculate the necessary periodicity of emptying the containers in the village centre on the 

basis of the density data in Table 1. If 50 people live in the village and there is a waste collection point, then approxi-

mately 12,000 litres of household waste should be collected a year. The number of emptying times of the container 

depends on the size of the container – 4,500 l, 2,500 l, 1,500 l, 800 l would accordingly need emptying 3, 5, 8 or 15 

times a year. 

Larsen et al. 2009 in his article studied the diesel consumption in waste collection both in urban and rural areas 

and found that the fuel consumption ranges from 1.6 to 10.1 l diesel tonne-1 of waste and was highest for collection in 

areas with a low population density. 

In low-density areas, most people have cars that they can use for transporting the waste to the nearest settlement 

or a village centre with a collection point (bring-system). In this case, a big garbage truck does not have to drive to 

each waste producer and it would significantly help save the costs of the waste transporter in relation to the door-do-

door collection system. 

The bring-system is commonly used. The system operates with different collection tanks (bins, containers, bar-

rels, wheeled containers, roll-off containers, compactor containers, etc.) and for different types of waste (Bilitewski et 
al. 1997; Bilitewski et al. 2010; McLeod, Cherrett 2011). There may also be smaller waste drop-off sites or even a 

complete recycling centre. The efficacy of drop-off sites and kerbside bins in waste collection has been reflected in 

several surveys (Gallardo et al. 2012: 1623–1633; Teixeira et al. 2014: 1584–1594). Unfortunately, most of the surveys 

are limited to the urban environment. 

In the case of the described bring-system, people bring their waste to the drop-off site in their private car (Dahlén, 

Lagerkvist 2010: 577–86), and, in this survey, this is considered an accompanying action to some other main activity; 

for example, a person goes shopping and can also visit a drop-off site on the way. It is assumed in the survey that no 

fuel consumption arises for the waste drop-off. 

In the case of the surveyed villages, the location of a suitable central waste collection point was on average 2.5 

km away from the village border and in the range of 0.5 to 3.6 km, depending on the shape and size of the village. 

Table 2 shows the comparison of the volumes of air emissions arising from two different collection methods 

(door-to-door and drop-off site in a village), and in the case of a Euro III and Euro V compliant vehicle. The quantities 

of CO2 emissions per one collection round in the case of a drop-off site would be lower by half than it is currently in 

force for the door-to-door collection method. By comparing the emission volumes caused by the door-to-door and a 

Euro III compliant vehicle, one can see that the relative importance of CO, HC, NOx and particulates is smaller by half. 

In the case of a Euro V compliant vehicle, the emissions at emptying at a central drop-off site of the village would be 

even smaller. According to the obtained results, the creation of a drop-off site would be justified. 

According to the population census, there are 4,438 villages in Estonia (Beltadze 2012), the average length of a 

collection round of one village is 9.4 km, and a garbage truck visits a village 13 times a year on average. It would take 

about 207,900 litres of diesel fuel to collect waste from all of the villages, which means that as a result of burning in a 

Euro III compliant vehicle, 540 t of CO2, 4.2 t of CO, 1.3 t of HC, 10 t of NOx and 0.2 t of particulates will be emitted 

into the environment. 

Table 2. Emission levels of one collection round in a village in the case of different collection systems and vehicle standards 

 EURO III EURO V 

Pollutants Door-to-door Collection point in village Door-to-door Collection point in village 

CO2, kg 9.4 5.0 9.0 5.0 

CO, g 73.5 39.1 52.5 27.9 

HC, g 23.1 12.3 16.1 8.6 

NOx, g 175.1 93.1 70.0 37.3 

Particulates, g 3.5 1.9 0.7 0.4 

 

In low-density areas in Finland, drop-off sites are used for the collection of sorted waste. The collection site is 

usually located next to local shops or in rural areas at road junctions. There is also an annual waste tax in Finland, 

which gives people the right to use the service (Pieber 2004). In addition to the amount of pollutants emitted into the 

environment, each waste collection method has its pros and cons, which are listed in more detail in the Table 3. If one 

could choose between different methods of collection, many of them could help reduce the volume of air emissions 

caused by garbage trucks. In addition, such solutions where people have to take their own waste somewhere further 

from home also reduces other aspects – heavy trucks do not burden/destroy roads in low-density areas, there is less 

noise, accessibility is no problem in severe weather conditions, etc. 
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The positive and negative sides can be different, depending on whose point of view. The door-to-door system is 

very convenient for people, but people need to take other sorted waste elsewhere with their cars for disposal since this 

system is mostly used for collecting household waste from low-density areas. From the company’s point of view, the 

door-to-door collection method helps earn more by charging for emptying each container, but the work of the driver is 

more time-consuming. In the case of a collection point or collection centre, the garbage truck could go and empty a 

larger amount at a time. 

Table 3. Advantages and disadvantages of different collection methods  

Collection method Advantages Disadvantages 

Door-to-door collection 

* comfortable for the waste producers as the 
waste collection takes place at each house-
hold 

* the content of containers can be checked 

* possibility to choose the size of the waste 
container 

* mandatory container will help prevent ille-
gal waste disposal (e.g. littering of forests) 

* large number of small volume waste bins to 
empty 

* vehicle must stop at each house 

* waste container must be accessible for the 
waste transporter 

* the amount of secondary raw materials sorted 
out by one producer is small 

* higher air pollution, noise and traffic load 
cause by vehicles 

 

Waste collection centre - an 
area surrounded by a fence and 
controlled by a warden where 
people can take their previously 
at home sorted waste them-
selves (Kriipsalu et al. 2016)  

* guarded area 

* waste can be delivered when sorted 

* further handling easier 

* most of the waste can be delivered for free 
* one place for many types of waste 

* allows the local government to fulfil its 
obligation proceeding from the Waste Act to 
organise waste sorting and separate collec-
tion 

* large service area 

* trained staff 

* permanent place 

* easier documentation 

* open at certain times 

* the sorted waste is brought to the waste plant 
by the waste producer with their own transport 

* congestion of transport at the waste collection 
centres increases 

* waste dumped illegally behind the fence 
* may disturb the surroundings 

* accompanying maintenance costs 

* bigger investment 

* need for larger territory 

 

Drop-off site (bring site) – an 
unfenced area with containers 
of different types of waste and 
where people can bring house-
hold waste and sorted waste to 
be recycled or processed in 
other ways (Kriipsalu et al. 
2016)  

* always open 

* in an accessible place 

* allows separate collection of waste 

* waste disposal can be combined with other 
planned trips 

* no accompanying costs for the waste pro-
ducer 

* the waste is transported by the waste producer 
with their own means of transportation 

* no surveillance 

* the waste producer's awareness of sorting may 
be insufficient  

* awareness raising 

 

In order to increase the likelihood of waste disposal, the central waste collection point of the village should be 

created on people's path of travel in such a way that it would be easily accessible for most of them (people’s direction 

of movement either towards the workplace or village centre must be taken into account). Martin et al. 2006: 357–395 

describes in his survey that the collection point and its containers must be accessible and convenient to use. Clear 

guidelines for waste producers contribute to waste sorting, and the location must be accessible by car. At the collection 

point it is possible to determine the basic mistakes made by the waste producers when sorting the waste. Knowing the 

basic mistakes helps organise directed awareness raising campaigns. 

The current air emissions volumes of the door-to-door collection method could be reduced if people took recy-

clable waste material to the collection points created for that purpose; in this way, the amount of waste in the household 

waste container would be reduced. Raising people’s awareness and applying various economic measures would con-

tribute to this. Existence of an economic mechanism would certainly improve waste management. Currently, there is 

much packaging waste in people’s containers, despite the fact that there is a system that allows people to collect it 

separately and deliver it free of charge. Since the price of emptying a waste container is very cheap (mostly up to 5 

euros for a 240 l container), people lack the motivation to collect waste separately. The emptying charge for a house-

hold waste container should definitely be higher than the emptying charge for a sorted waste container. 

One possible economic mechanism would be to establish a waste tax in a local government or in the country, 

which would apply to all territories. In this case, the drop-off site containers should have chips in order to avoid a 

situation where wrong people use the containers. 
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The use of a variety of Wireless Sensor Networks (Ramson, Moni 2016) in the containers will help reduce the 

emptying periodicity and the volume of generated emissions. The systems are able to show the current filling ratio of 

a container, and this allows the waste collector to prepare more effective emptying logistics so that all the trips to the 

containers would be justified. 

Conclusions  

The results show that the air emissions generated are the highest in the case of door-to-door collection method, in 

comparison with a collection centre located on the territory of a local government and a collection point in a village. 

The volume of emissions could be reduced by optimising the collection schedule. Often, the trucks end up in a 

situation where the containers in the same village are emptied at different times. In most cases, the reasons for this are 

the different sizes of containers that become full at different times in different families. The solution to this would be 

that if the waste transporter – in knowing the quantity of waste generated by a family – suggested a container of 

different size for the grounds so that emptying could take place less often or more often, so that all of the containers in 

the same village could be emptied at the same time. 

If only EURO III compliant trucks are allowed for waste collection in some densely populated areas, then in low-

density areas there is no such restriction and cars of all kinds may drive there. Thus, by imposing a requirement whereby 

only vehicles that meet the requirements of at least the EURO III or higher standards may drive in the countryside, the 

volume of emissions could be reduced. 

If the requirements to collect two or more types of waste from people with the door-to-door system were followed, 

it would mean two cars driving the same route; therefore, the quantities of emissions would be double. 

When it comes to emissions, abandoning the door-to-door collection system and having people take their own 

waste to a collection point in a village centre or a collection centre on the territory of the local government would 

largely reduce emissions. Since it is obligatory to separately collect different types of waste and people drive around 

anyway, then they can combine waste disposal with some other trip and the volume of generated emissions would be 

zero. 

The volume of emissions could be reduced if people’s awareness of sorting was better and if the sorting was 

supported by the economic mechanism. If people sorted their waste properly by putting biodegradable material into 

the compost and taking paper, cardboard and packaging to a designated collection point, then the truck would need to 

visit the village less often, even in the case of the door-to-door collection method. 

Disclosure statement  

Authors declare that they dont have any competing financial, professional, or personal interests from other parties. 

References  

Amponsah, S. K.; Salhi, S. 2004. The investigation of a class of capacitated arc routing problems: the collection of garbage in 
developing countries, Waste Management 24(7): 711–721. https://doi.org/10.1016/j.wasman.2004.01.008   

Anghinolfi, D.; Paolucci, M.; Robba, M.; Taramasso, A. C. 2013. A dynamic optimization model for solid waste recycling, Waste 

Management 33(2): 287–296. https://doi.org/10.1016/j.wasman.2012.10.006   

Beltadze, D. 2012. Eesti rahvaarv, rahavstiku koosseis ja paiknemine 2011. aasta rahvaloenduse tulemuste põhjal [online], [cited 
12 November 2016]. Available from Internet: https://www.stat.ee/dokumendid/67466  

Bilitewski, B.; Hardtle, G.; Marek, K. 1997. Waste Management. Berlin: Springer. https://doi.org/10.1007/978-3-662-03382-1 

Bilitewski, B.; Wagner, J.; Reichenbach, J. 2010. Best practice municipal waste management. Federal Environmental Agency, 
Intecus. 

D’Onza, G.; Greco, G.; Allegrini, M. 2016. Full cost accounting in the analysis of separated waste collection efficiency: a 
methodological proposal, Journal of Environmental Management 167: 59–65. https://doi.org/10.1016/j.jenvman. 
2015.09.002   

Dahlén, L.; Lagerkvist, A. 2010. Evaluation of recycling programmes in household waste collection systems, Waste management 

& research: the journal of the International Solid Wastes and Public Cleansing Association, ISWA 28(7): 577–86.   

Dahlén, L.; Vukicevic, S.; Meijer, J.-E.; Lagerkvist, A. 2007. Comparison of different collection systems for sorted household waste 
in Sweden, Waste Management 27(10): 1298–1305. https://doi.org/10.1016/j.wasman.2006.06.016   

DieselNet. 2016. Heavy-duty diesel truck and bus engines [online], [cited 12 November 2016]. Available from Internet: 
https://www.dieselnet.com/standards/eu/hd.php 

Eek, P. 2007. Olmejäätmete sortimise korrast tulenevad kohustused kohalikele omavalitsustele [online], [cited 14 November 2016].  
Available from Internet: www.ejkl.ee/wp-content/uploads/2015/12/SortiminePeeterEek.pdf   

European Commission. 2016. Circular economy strategy [online], [cited 01 November 2016]. Available from Internet: 
http://ec.europa.eu/environment/circular-economy/ 

Faccio, M.; Persona, A.; Zanin, G. 2011. Waste collection multi objective model with real time traceability data, Waste Management 
31(12): 2391–2405. https://doi.org/10.1016/j.wasman.2011.07.005   



Vilms, M.; Voronova, V. 2017. Waste collection in low-density areas and air pollutants formed in the process 

7 

Farzaneh, M.; Zietsman, J.; Lee, D.-W. 2014. Evaluation of in-use emissions from refuse trucks, Transportation Research Record: 
Journal of the Transportation Research Board 2123.  

Gallardo, A.; Bovea, M. D.; Colomer, F. J.; Prades, M. 2012. Analysis of collection systems for sorted household waste in Spain, 
Waste Management 32(9): 1623–1633. https://doi.org/10.1016/j.wasman.2012.04.006   

González-Torre, P. L.; Adenso-Dı́az, B.; Ruiz-Torres, A. 2003. Some comparative factors regarding recycling collection systems 
in regions of the USA and Europe, Journal of Environmental Management 69(2): 129–138. https://doi.org/10.1016/S0301-
4797(03)00109-9   

Greco, G.; Allegrini, M.; Del Lungo, C.; Gori Savellini, P.; Gabellini, L. 2014. Drivers of solid waste collection costs. Empirical 
evidence from Italy, Journal of Cleaner Production 106: 364–371. https://doi.org/10.1016/j.jclepro.2014.07.011   

Johansson, O. M. 2006. The effect of dynamic scheduling and routing in a solid waste management system, Waste Management 
26(8): 875–885. https://doi.org/10.1016/j.wasman.2005.09.004   

Keskkonnaministeerium. 2016. Ringmajandus ja jäätmete osatähtsus ringmajanduses. Jäätmehierarhia põhimõtted ja eesmärgid, 
Jäätmekäitlust reguleerivad õigusaktid (november). 

Kriipsalu, M.; Maastik, A.; Truu, J. 2016. Jäätmekäitlus ja pinnase tervendamine. Tallinn: TTÜ Kirjastus. 

Larsen, A.W.; Merrild, H.; Møller, J.; Christensen, T. H. 2010. Waste collection systems for recyclables: an environmental and 
economic assessment for the municipality of Aarhus (Denmark), Waste Management 30(5): 744–754. 
https://doi.org/10.1016/j.wasman.2009.10.021   

Larsen, A. W.; Vrgoc, M.; Christensen, T. H.; Lieberknecht, P. 2009. Diesel consumption in waste collection and transport and its 
environmental significance, Waste Management & Research 27(7): 652–659. https://doi.org/10.1177/0734242X08097636   

Maasikmets, M.; Kupri, H. L.; Teinemaa, E.; Vainumäe, K.; Arumäe, T.; Roots, O.; Kimmel, V. 2016. Emissions from burning 
municipal solid waste and wood in domestic heaters, Atmospheric Pollution Research 7(3): 438–446. 
https://doi.org/10.1016/j.apr.2015.10.021   

Martin, M.; Williams, I. D.; Clark, M. 2006. Social, cultural and structural influences on household waste recycling: a case study, 
Resources, Conservation and Recycling 48(4): 357–395. https://doi.org/10.1016/j.resconrec.2005.09.005   

McLeod, F.; Cherrett, T. 2011. Waste: a handbook for management, chapter 4, Waste Collection. Academic Press. 604 p. ISBN 
0123814766, 9780123814760. 

Pieber, M. K. 2004. Chapter 11: analytical roundup of the household waste collection systems, Overview of Household collection 
systems in different cities and regions [online], [cited 06 November 2016]. Available from Internet: 
http://www.iswa.org/uploads/tx_iswaknowledgebase/Overview_of_Household_.pdf.  

Ramson, S. R. J.; Moni, D. J. 2016. Wireless sensor networks based smart bin, Computers & Electrical Engineering, in press 
[online], [cited 06 November 2016]. Available from Internet: http://www.sciencedirect.com/science/article/pii 
/S0045790616309065 

Rey Gozalo, G.; Barrigón Morillas, J. M.; Trujillo Carmona, J.; Montes González, D.; Atanasio Moraga, P.; Gómez Escobar, V.; 
Vílchez-Gómez, R.; Méndez Sierra, J. A.; Prieto-Gajardo, C. 2016. Study on the relation between urban planning and noise 
level, Applied Acoustics 111: 143–147. https://doi.org/10.1016/j.apacoust.2016.04.018   

Riigiteataja. 2016. Olmejäätmete sortimise kord ning sorditud jäätmete liigitamise alused, (RT I 19.12.2015,5) [online], [cited 08 
December 2016]. Available from Internet: https://www.riigiteataja.ee/akt/119122015005 

Sandhu, G. S.; Frey, H. C.; Bartelt-Hunt, S.; Jones, E. 2016. Real-world activity, fuel use, and emissions of diesel side-loader refuse 
trucks, Atmospheric Environment 129 (2016): 98–104. 

SEI Tallinn. 2008. Eestis tekkinud olmejäätmete (sh eraldi pakendijäätmete ja biolagunevate jäätmete) koostise ja koguste analüüs 
[online], [cited 08 December 2016]. Available from Internet: www.envir.ee/sites/default/files/olmejaatmeteuuring2008.pdf  

SEI Tallinn. 2013. Eestis tekkinud segaolmejäätmete , eraldi kogutud paberi- ja pakendijäätmete ning elektroonikaromu koostise 
uuring [online], [cited 08 December 2016]. Available from Internet:   www.envir.ee/sites/default/files/sorti-
misuuring_2013loplik.pdf  

Statistikaamet. 2016. Leibkonnad [online], [cited 16 November 2016]. Available from Internet: http://www.stat.ee/leibkonnad. 
Zsigraiova, Z.; Semiao, V.; Beijoco, F. 2013. Operation costs and pollutant emissions reduction by definition of new 
collection scheduling and optimization of MSW collection routes using GIS. The case study of Barreiro, Portugal, Waste 

Management 33(4): 793–806. https://doi.org/10.1016/j.wasman.2012.11.015   

Tavares, G.; Zsigraiova, Z.; Semiao, V.; Carvalho, M. G. 2009. Optimisation of MSW collection routes for minimum fuel 
consumption using 3D GIS modelling, Waste Management 29(3): 1176–1185. https://doi.org/10.1016/j.wasman.2008.07.013   

Teixeira, C. A.; Avelino, C.; Ferreira, F.; Bentes, I. 2014. Statistical analysis in MSW collection performance assessment, Waste 

Management 34(9): 1584–1594. https://doi.org/10.1016/j.wasman.2014.04.007   

Watson, A. 2012. Emissions from burning plastics in domestic fireplaces, household pollutants [online], [18 December 2016]. 
Available from Internet: http://english.arnika.org/files/documents/Alan_Watson_Domestic_Combustion.pdf 

Vilms, M.; Voronova, V.; Loigu, E. 2015. The problems of municipal waste collection in city centers and air pollutants formed in 
the process, 15th International Waste Management and Landfill Symposium, 5–9 October, S. Margherita di Pula, Italy. 

Wrap; Futures, R. 2010. Material bulk densities [online], [cited 02 December 2016]. Available from Internet: 
http://www.wrap.org.uk/sites/files/wrap/Bulk Density Summary Report - Jan2010.pdf 

Yang, Z.; Zhou, X.; Xu, L. 2015. Eco-efficiency optimization for municipal solid waste management, Journal of Cleaner Production 
104: 242–249. https://doi.org/10.1016/j.jclepro.2014.09.091  


