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Abstract
The capital goods for collection and transport of waste were quantified for different types of containers (plastic containers, cubes and steel containers) and an 18 tonnes compacting collection truck. The
data were collected from producers and vendors of the bins and the truck. The service life time and
the capacity of the goods were assessed as well. Environmental impact assessment of the production
of the capital goods revealed that per tonne of waste handled, the truck had the largest contribution
followed by the steel container. Large HDPE containers had the lowest impact per tonne of waste
handled. The impact of producing the capital goods for waste collection and transport cannot be neglected since the capital goods dominate (>85%) the categories Human-Toxicity (non cancer and cancer), Ecotoxicity, Resource Depletion and Aquatic Eutrophication, but also plays a role (>13%) within
the other impact categories when compared to the impacts from combustion of fuels for the collection
and transport of the waste, when a transport distance of 25 km was assumed.

Keywords: Waste, environmental impact assessment, capital goods, collection, transportation.
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1. Introduction
Collection and transport of waste is a very important part of any waste management system: collection
and transport of waste from the source to the treatment facilities, transport of recovered materials, and
transport of residuals for disposal. To perform collection and transport of waste several capital goods
are needed. These are among others containers for recyclables and residual municipal solid waste
(MSW), containers for commercial and industrial waste, containers (cubes) for public collection
points and trucks for collecting and transporting of the waste.
Rives et al. (2010) describe that studies about collection and transport of waste often focus on economics or aesthetic issues, but rarely the environmental issues are addressed. The fuel consumption of
the truck in terms of emission from the combustion process is likely to be the most significant single
factor as to the environmental aspects. Data on fuel consumption was reported by Larsen et al. (2009).
However, the contribution of the capital goods has not been quantified and the real importance of capital goods on the environmental profile of waste collection and transport is uncertain.
Existing databases are limited on data on capital goods for waste collection and transport. An example
is the data for a 21 tonnes waste collection truck which can be found in the Ecoinvent database
(Ecoinvent, 2011). The data was generated by multiplying data for an average 16 tonnes truck by a
factor of 1.3 to match the weight of a 21 tonnes truck. Data about containers for waste collection was
not found in any available databases and the data used in this paper are collected from container producing industries.
The purpose of this paper is to quantify the capital goods for a collection and transportation system for
waste. The goods in focus are four different types of containers and a medium sized collection truck
for collection of MSW. These data can be used for assessing the environmental profile of a range of
systems for collection and transport of waste. Such data are expected to be requested by service providers as well as by costumers in the waste collection and transport sector.
2. Approach and method
The four containers and the truck included in this study are presented in Table 1. The containers have
been chosen to represent different volumes as well as different materials. Only one truck is included
because information was difficult to retrieve. Industries and service providers were contacted in order
to obtain information about volume, lifetime and capacities of the units as well as data about the material composition and specific processes involved in production and assembly of the units. The units
and the sources of the data are described below.
The environmental impact assessment (EIA) model used and associated databases as well as normalization references are presented as well.
Table 1: Presentation of selected capital goods for waste collection and transport (G&Y: Garden and yard waste.
C&D: Construction and demolition waste).
Type
2-wheeler container
4-wheeler container
Cube
Steel container
Collection truck

Volume
m3
0.24
1.10
1.5
19

Actual capacity
Tonnes/year
1.8-2.2
8-10
33-125
44-74

Lifetime
Years
20
20
10
15

16

1460-1750

12-15

Waste per lifetime
Tonnes
36-45
165-206
330-1250
G&Y waste:2223-4446
C&D waste: 22230-29640
17540-26300
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2.1 HDPE containers on wheels (2- and 4-wheeler)
Modern waste containers typically have wheels and a grasp to match the lifting gear on the waste collection truck in order to avoid the workers carrying and lifting the container to empty it. A 2-wheeler
container made of HDPE with rubber wheels and a capacity of 0.24m3 and 4-wheeler HDPE container
with metal/rubber wheels and a capacity of 1.1 m3 were considered. The data for the production of
HDPE containers was obtained from the HDPE container producer Environmental Systems Expertise
(ESE, 2010) - an international company with production facilities in central Europe. The containers
are assumed to have a lifetime of 20 years (ESE, 2010).
The containers are considered to be used for collection of residual household waste and the bulk density of the waste in the container is assumed to be 180 kg/m3 (Christensen, 2011). The filling of the
HDPE containers is assumed to be 80-100%. Assuming a collection frequency of once a week, the 2wheeler container is estimated to collect 36-45 tonnes during a lifetime of 20 years and the 4-wheeler
165-206 tonnes per lifetime (Table 1).
2.2 Cube container for public collection of recyclables
A HDPE cube with a volume of 1.5 m3 is considered for collection of waste for recycling (e.g. paper,
glass and packaging waste) at public collection points. Data concerning the cube was obtained from
Kingspan - a British bin and container producer operating globally (Kingspan, 2011). The production
data of the HDPE part of the container was obtained from the company Environmental Systems Expertise (ESE, 2010). The lifetime is estimated to 10 years.
The cube is considered to be used for collection of two different types of waste; paper and glass. The
densities of these waste types in the cube are 420-450 kg/m3 for paper and 1000-1600 kg/m3 for
crushed glass (Christensen, 2011). The amount of waste collected per year in the cube is estimated to
330-1250 tonnes of waste for the lifetime of the cube, assuming that the cube is emptied once a week.
2.3 Steel container
The steel container has a volume of 19m3 and can be used for a range of waste types. The data for the
steel container were estimated based on information provided by the vendor of the container,
Lyngsgaard in Denmark (Lyngsgaard, 2011). This container consists only of steel and is painted with
powder paint. A steel container may be used for heavier waste such as C&D waste and this gives a
shorter average life time than for the HDPE containers. The lifetime of the steel container is estimated
to 15 years.
The steel container is assumed to be used for garden and yard (G&Y) waste or construction and demolition (C&D) waste. These waste types are very different with respect to bulk density. Thus, it was
chosen to make the assessment for both types of waste. G&Y waste has a density of 150-300 kg/m3
(Christensen, 2011) and the density of C&D waste is 1500-2000 kg/m3 (Fatta et al., 2004). It is assumed that the 19m3 steel container is emptied once a week. This corresponds to collection of 22204450 tonnes G&Y waste per lifetime or 22230-29640 tonnes C&D waste per lifetime.
2.4 Truck
Modern waste collection trucks are often compacting the waste in order to increase capacity and save
cost. However their size and number of axles may vary depending on local factors and transport distances. For this study a medium sized rear-loading truck of 18 tonnes with two axles was evaluated.
Data concerning the 18 tonnes collection truck was obtained from Volvo (Volvo, 2010) and data for
the body from the producer of bodies for collection trucks, Geesink Norba group (Geesinknorba,
2011). The truck has a self-weight of 7000 kg and the body for collection of waste has a self-weight of
4600 kg. The truck has 2 axles and a capacity of around 6000 kg waste. It is assumed that the truck is
4

collecting residual household waste once each five days a week all year corresponding to 261 loads of
waste per year. The density of the waste compacted in the truck is assumed to 0.35-0.42 tonnes/m3
(Christensen, 2011). Considering a lifetime of 12-15 years (Dennis Eagle, 2010) the truck can collect
17540-26300 tonnes. Information about the expected lifetime of a waste collection truck was provided
by the retailer of collection trucks from Dennis Eagle in Denmark (Dennis Eagle, 2010).
The size of collection trucks and thereby the number of axles needed varies depending on the use of
the truck. Larger trucks have three axles whereas the one assessed in this paper is of medium size with
only two axles. The difference to the 3-axles truck is around 1300 kg for the chassis and 400 kg for
the body of the waste collection truck.
2.5 Environmental impact assessment (EIA) modelling
The Life Cycle Assessment software Simapro 7.2 developed by Product Ecology Consultants (PRé
consultants, 2011) was used for modelling the environmental impacts from the different capital goods.
This software contains the necessary databases for the materials needed for the modelling and was
found to be a sufficient tool for the modelling. Data concerning the materials included in the studied
capital goods were found in the Swiss database Ecoinvent 2.2 (Ecoinvent, 2011). These data include
material extraction, transportation of materials, and production at a plant (e.g. moulding of polyethylene).
All quantified emissions to the environment from the goods assessed were aggregated into the non
toxic impact categories presented in Table 2. These categories are defined by the EDIP methodology
(Wenzel et al., 1997) with the updated normalisation references from 2003 (Stranddorf et al., 2005
and Hauschild et al, 2005) also described by Laurent et al. (2011a). The normalisation references are
used to present the results from the assessment in person equivalents (PE). This unit represents impacts as an average value for the total impact of the activities from a person (food, transport, housing,
heating etc.) in a specific area in the reference year. The toxic impact categories are assessed by the
USEtox methodology (USEtox, 2009). This methodology presents the potential impacts for human
toxicity in Comparative Toxic Units (CTU) as an “estimated increase in morbidity in the total human
population per unit mass of a chemical emitted (cases/kg), assuming equal weighting between cancer
and non-cancer due to a lack of more precise insights into this issue” (USEtox, 2009). The potential
impact on Ecotoxicity is also presented in CTU. This expresses “an estimate of the Potentially Affected Fraction of species (PAF) integrated over time and volume per unit mass of a chemical emitted
(PAF mf.day/kg)” (USEtox, 2009). The CTU are transformed to PE by the normalisation references
presented in Table 2. The normalisation references are provided by Laurent et al. (2011b).
For the environmental impact assessment only the productions of the capital goods are considered (see
Figure 1). This study will thereby not assess the full life cycle of the goods but only assess the environmental impacts from producing the goods. The overall impacts would probably be lower if the
complete life cycle was assessed including recycling of some of the materials when the goods are at
end of life.
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Figure 1: Flow chart of the assessed part of life cycle for the evaluated goods. The dotted line shows
the system boundary for the environmental impact assessment. All transport and energy inputs are
included within the system boundary.
Table 2: Environmental impact categories and the normalisation references used for the assessment (Stranddorf
et al, 2005), (Laurent et al, 2011a) and USEtox (Laurent et al, 2011b). UES: Unprotected Eco-System. CTU:
Comparative Toxic Unit, e: Ecotoxicity, h: human.
Impact categories
EDIP
Global warming
Ozone depletion
Acidification
Terrestrial eutrophication
Aquatic eutrophication (N-equivalents)
Aquatic eutrophication (P-equivalents)
Photochemical ozone formation –
impacts on vegetation
Photochemical ozone formation –
impacts on human health
Resource depletion
USEtox
Human toxicity, cancer
Human toxicity, non-cancer
Ecotoxicity

Geographical
scope

Normalization
references

Unit

World
World
Europe
Europe
Europe
Europe

7.73E+03
2.05E-02
5.48E+01
1.37E+03
8.32E+00
2.82E-01

kg-CO2eq/person/year
kg-CFC-11 eq/person/year
kg-SO2eq/person/year
m² UES/person/year
kg N eq/person/year
kg P eq/person/year

Europe

5.97E+04

m².ppm.hr/person/year

Europe

2.84E+00

m².ppm.hr/person/year

World

8.17E-01

Person reserves/person/year

Europe
Europe
Europe

3.25E−05
8.14E−04
5.06E+03

CTUh/person/year
CTUh/person/year
CTUe/person/year

3. Results and discussion
The results include quantifying of the materials used in the capital goods and an environmental assessment of the impacts from the production of the capital goods as well as the impacts from the production of capital goods per tonne of waste collected per lifetime.
3.1 Material consumption of capital goods for waste collection and transport
The materials included in producing the capital goods are shown in Table 3.
HDPE is used for the body of the 0.24m3 container. The total weight is 13 kg. The wheels are made of
rubber and attached to a steel axle. The body of the 1.1 m3 container is also HDPE but there is no steel
6

axle. Instead it has four wheels consisting of a bandage of rubber and a rim of Polypropylene (PP)
attached to a steel part. Smaller parts of Polyoxymethylene (POM) and Polyvinylchloride (PVC) are
aggregated with the PP as “Other types of plastics” in the assessment. The total weight of the 1.1 m3
container is 50 kg.
The cube consists of HDPE and steel. The total weight is 65.4 kg. There are some small parts of rubber and plastics but it has not been possible to get data about these parts and they are not included in
the assessment. Some years ago and still in some countries these cubes were made of reinforced glass
fibre. Today there are higher demands for a good working environment during production of the cubes
and therefore it is easier and cheaper for the container producers to produce these cubes from HDPE
(Wulff, 2010).
The 19m3 steel container consists of steel and is painted with powder paint. The total weight is 2209
kg.
The truck consists of many different materials; the total weight of the empty truck is 11566 kg. The
main materials used are steel and iron for the body and the chassis corresponding to 87 % of the total
weight.
Intervals for the amounts of material used for producing the goods per tonnes of waste collected per
lifetime are shown in Figure 2. The intervals are governed primarily by the uncertainties about the
amount of waste collected during the lifetime of the capital goods (Table 2). The steel container has
the highest amount of kg materials per tonne of waste collected since it may contain low-density G&Y
waste during the whole lifetime. C&D waste gives the lowest value of kg/tonne waste collected by the
steel container. In real life a container may be used for a variety of waste types. The containers produced of HDPE have a lower amount of material used depending on the size and thereby capacity.
The large container uses less material per tonne of waste. The truck has the biggest capacity of collection per lifetime and needs 0.36-0.56 kg materials per tonne collected.
Table 3: Materials needed for production of capital goods used in waste collection and transport.

Materials
Total weight
High density polyethylene
Batch/colour/paint
Other plastic types
Rubber
Steel
Stainless steel
Iron
Aluminium
Lead (battery)
Copper
Brass
Glass
Textile
Oil, grease
Electronics
Sulphuric acid (Battery)
Bitumen
Wood
Cooling agent (R134a)
Glycol
Ethanol

2-wheeler container 0.24m3
kg
13
10.6
0.105
1.92
0.624
-

4-wheeler container 1.1 m3
kg
50
37.6
0.38
0.742
4.64
6.38
-

Cube
1.5m3
kg
65.4
40
0.4
25
-

Steel container
19m3
kg
2209
9.25
2200
-

Collection
truck 16m3
kg
11566
419
13
459
7370
15
2674
201
95
14
9
60
57
62
56
36
6
11
1
17
4
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Figure 2: The amount of materials needed for producing capital goods per tonnes of waste collected
by the specific good during its lifetime.

3.2 Environmental impact assessment of capital goods for waste collection and transport
The main impacts from the production of the capital goods for waste collection and transport are
shown in Table 4. Some impact categories were less important and are left out. These are the impacts
on Ozone Depletion, Terrestrial Eutrophication and Aquatic Eutrophication in relation to the emission
of nitrogen.
Table 4: Life cycle impacts in milli-person equivalents for production of capital goods used in waste collection
and transport.
2-wheeler
container
0.24m3

4-wheeler
container
1.1 m3

Cube
1.5m3

Steel container
19m3

Collection
truck 16m3

Collection
truck 21m3

Impact category

mPE

mPE

mPE

mPE

mPE

mPE

Global warming

5.1

18.9

26.5

519

10251

10804

Ozone depletion

0.8

2.1

0.5

16

652

659

Ozone formation (Vegetation)

5.6

19.2

20.9

296

6188

6600

Ozone formation (Human)

8.6

29.6

31.6

441

9155

9775

Acidification

6.2

22.5

36.5

626

14911

15625

Terrestrial eutrophication

2.0

6.2

8.1

149

3014

3195

Aquatic eutrophication EP(N)

1.3

4.6

6.6

143

2752

2894

Aquatic eutrophication EP(P)

25

129

379

7584

199988

208000

Resources (all)

4.0

25

74

4245

104422

125723

Human toxicity, cancer

55

272

657

32800

587000

629000

Human toxicity, non-cancer

5

24

72

1550

34300

35900

Ecotoxicity

10

45

90

2670

49000

52200
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Global warming
The impact on Global Warming from the production of the 2- and 4-wheeler containers was mainly
caused by the production of HDPE and the transportation of materials for its production. From the
production of the cube the main impact on Global Warming was also from the production of HDPE
but also the metal contributed. The main material in the steel container is steel and the metalwork and
beneficiation of iron ore gave the highest contribution to Global Warming. For the collection truck the
steel production and the energy use gave the highest impacts on Global warming.
Ozone Formation (impact on vegetation and humans) and Acidification
For the impact categories: Ozone Formation (impact on vegetation and humans) and Acidification the
impacts were caused by the same processes. The production of HDPE gave the main contribution to
the impact on Ozone Formation and Acidification for the three HDPE containers. For the 2-wheeler
the rubber production also gave a significant contribution whereas the 4-wheeler had a large contribution from transportation of materials. The cube had a contribution from the metal work to the impact
on Ozone Formation and Acidification. The metalwork and beneficiation of iron ore gave the highest
contribution to these impact categories for the steel container. As for the Global Warming the steel
production and the energy production gave the highest impacts from the production of the collection
truck.
Aquatic Eutrophication (P-equivalents)
An average European energy production mix was chosen for all goods assessed and results in impacts
on aquatic eutrophication from the energy production from lignite for all goods. For the HDPE goods
the metal work also contribute to the total impact in this category. For the steel container it is primarily the metal work and beneficiation of iron ore that contributes to the total impact. Beside the impacts
from the energy production from lignite, steel processing is the main contributor to Aquatic Eutrophication for the production of the collection truck.
Resource Depletion
Metals are giving the main impacts for the assessed goods. Nickel, chromium, manganese and iron are
the main contributors for the steel container and the truck. For the 2- and 4-wheeler, nickel and crude
oil are the resources giving the highest impact on Resource Depletion.
For the cube the steel part gave a higher impact than the HDPE even though it is only a small part of
the total mass. The use of the metals nickel, molybdenum, chromium and copper gave high contribution to the total impact on the Resource Depletion from the cube.
Human Toxicity (Cancer/Non cancer)
The metal working gave high impacts on Human Toxicity for all goods, even for the goods with only
small amounts of steel compared to the total mass of the good. The ethylene production also gave impacts on this category for the HDPE goods.
Ecotoxicity
The HDPE production and the transportation of materials gave the main contributions to Ecotoxicity
for the HDPE goods. For the steel container, the steel gave the highest contribution to this impact category and the highest contribution for the truck is the use of textile, rubber, electronics and steel.
9

Impacts per tonne of waste
The impacts per tonne of waste collected are shown in Table 5. For the reason of simplicity, one single value is presented (mPE/tonne of waste) for each good instead of an interval. The average amount
of waste collected per lifetime was used to calculate the results shown in Table 5.
For the HDPE containers the impacts decreased with the volume of the container and the amount of
waste collected. For most of the impact categories the lowest impact was observed in cases with larger
amounts of waste collected. The production of steel gives other types of impacts and the impacts here
are still higher for the steel container than for the HDPE containers even though more waste is collected. Comparing the impacts per tonne of waste for the containers shows that one type is not contributing more than the others and that it depends on the impact category. Rives et al. (2010) also found
that the HDPE containers contribute more to e.g. Global Warming than the steel containers whereas
the steel containers contribute more to the eutrophication potential.
The truck has the highest impacts due to the complexity of the materials used although it collects the
biggest amount of waste compared to the containers.
This assessment includes only the production of the goods and does not consider the whole lifetime of
the products and thus exclude the disposal including recycling, landfilling or incineration. The impacts
from the products would probably be lower if the disposal phase was included since materials and
resources would likely be recycled and substitute for the production of materials based on virgin resources.
Table 5: Life cycle impacts in milli-person equivalents per tonne of waste collected during the lifetime of the
capital goods used for waste collection and transport. The results for the toxic categories are presented in Comparative Toxic Units (CTU) also per tonne of waste. The tonnes of waste are an average of the numbers presented in Table 2.
2-wheeler
container
0.24m3

4-wheeler
container
1.1 m3

Steel
container
(G&Y)
19m3

Steel
container
(C&D) 19m3

mPE/tonn
e of waste

mPE/tonne of
waste

mPE/tonne
of waste

mPE/tonne
of waste

0.18

0.02

0.49

0.39

mPE/tonne
of waste

mPE/tonn
e of waste

0.13

0.10

Cube
1.5m3
mPE/ton
ne of
waste
0.05

Ozone depletion
Ozone formation
(Vegetation)
Ozone formation
(Human)

0.02

0.01

0.00

0.01

0.00

0.03

0.02

0.14

0.10

0.04

0.10

0.01

0.29

0.24

0.22

0.16

0.06

0.15

0.02

0.43

0.35

Acidification
Terrestrial Eutrophication
Aquatic Eutrophication EP(N)
Aquatic Eutrophication EP(P)

0.16

0.12

0.07

0.21

0.02

0.71

0.57

0.05

0.03

0.02

0.05

0.01

0.14

0.12

0.03

0.02

0.01

0.05

0.01

0.13

0.10

0.61

0.70

0.73

2.56

0.30

9.50

7.53

Resources (all)
Human toxicity, cancer
Human toxicity, noncancer

0.10

0.14

0.14

1.43

0.17

4.96

4.55

1.38

1.48

1.26

11.07

1.29

27.89

22.77

0.14

0.13

0.14

0.52

0.06

1.63

1.30

Ecotoxicity

0.26

0.24

0.17

0.90

0.11

2.33

1.89

Impact category
Global warming

Collection
truck 16m3

Collection
truck 21m3
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Truck with three axles
A bigger collection truck with three axles (26 tonnes and 21m3 body) requires according to the manufacturer, an additional 1300 kg steel for the body of the truck and an additional 400 kg steel for the
chassis compared to the 2-axle truck (18 tonnes and 16m3 body). The impacts on the non-toxic categories were increased with up to 6.7% by this change of the materials used for the truck. The impact on
the toxic impact categories increased with up to 7% and the impact on Resource Depletion increased
by 20% (see Table 4 and Table 5). This is a rough estimate since many materials are excluded, e.g.
rubber for the extra tires. However, it suggests that a larger truck causes more impacts from the production of capital goods, but less per tonne of waste collected during the lifetime. The 3-axle truck can
collect around twice as much waste as the 2-axle truck. Although the 2-axles truck can compact the
waste more, the restriction on the load on the axles limits its capacity (Dennis Eagle, 2010).
System – container, truck, and transportation
In order to assess the importance of capital goods compared to the fuel consumption for waste collection and transport, a collection system was modelled involving a 0.24m3 HDPE container, an 18
tonnes 2-axle truck using 8.7 litre of diesel for collection of 1 tonne of waste (Larsen et al., 2009) and
transporting 1 tonne of waste 25 km to the treatment facility. The results are shown in Figure 3. The
impacts from the capital goods dominate (>85% of total impact) within the categories HumanToxicity (non cancer and cancer), Ecotoxicity, Resource Depletion and Aquatic Eutrophication, but
are also important in the other categories (> 13% of the total impact). The reason for the high impact
on Aquatic Eutrophication is the use of lignite for energy production in the steel industry. This will
depend on the location of the production site of the truck and since this is not specified a European
average energy mix was used. Also the impacts on the toxic categories were mainly caused by the
truck namely the production of steel.
It was found that the importance of the capital goods decreases with increasing distance of transportation but also that a long distance is needed before the impacts from capital goods contributes less than
10% of the total impacts. For the impact categories: Ozone depletion, Aquatic eutrophication (Pequivalents), Resources depletion, Human toxicity and Ecotoxicity the transportation distances have
to exceed 300 km before the impact of the capital goods constitutes less than 10% of the total impact.

Figure 3: Contribution to impact categories from container, truck and the transportation of waste for
25 km. All presented per tonne of waste.

4. Conclusion
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The materials for producing three different types of HDPE containers (0.24m3, 1.1m3 and 1.5m3 cube)
were quantified as well as the materials for producing a 19m3 steel container and an 18 tonnes waste
collection truck.
An assessment of the environmental impacts related to the production of the goods was performed.
The main materials of the goods caused the highest impacts. Production of HDPE gave the highest
impacts for the HDPE containers, the steel caused the highest impacts for the steel container and the
steel production caused the main impacts for the truck. Also the transportation of materials to manufacturing plant turned out to be important for some impact categories e.g. Ecotoxicity.
The impacts of producing the waste bins increased with the foreseen amount of waste collected, but
per tonne of waste collected over a lifetime the impacts were in most cases smallest for the larger containers. The impact on Aquatic eutrophication (P-equivalents) and Resources depletion were higher
for the 4-wheeler and the cube than for the 2-wheeler container because of the higher amount of steel
used. The collection truck had the highest impact per tonne of waste collected. Overall the HDPE containers had a lower impact per tonne of waste in all impact categories.
The impact of producing the capital goods for waste collection and transport cannot be neglected since
the capital goods dominate the categories Human-Toxicity (non cancer and cancer), Ecotoxicity, Resource Depletion and Aquatic Eutrophication, but also plays a role within the other impact categories
when compared to the impacts from combustion of fuels for the collection and transport of the waste.
In the example assessed, the transportation distance was 25 km, and as the distance increases the importance of the capital goods decreases. But for many impact categories, the transportation distances
have to exceed 300 km before the impact of the capital goods constitutes less than 10% of the total
impact.
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