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Abstract  
The aim of this study was to evaluate the environmental impact of the transportation of waste 

collection systems implemented in Gothenburg in Sweden. The two scenarios were analyzed: two 

compartment vessel collection strategy combined with FTI (Förpacknings- och Tidnings Insamling, 

Packaging and Newspaper Collection) recycling station and four compartment vessel collection strategy 

which collects all the waste house by house. The environmental performance was assessed through 

Life Cycle Assessment methodology, considering collection of 500 tonnes of waste during one year as 

functional unit. Most of the data for life cycle inventory were provided by actual facilities while 

background data were obtained from Ecoinvent dataset (A database containing documented processes 

to be used in life cycle assessment). The fuel consumed by the trucks in the project are biodiesel. Results 

showed that the 4 compartment waste collection method showed about 50% lower environmental 

impacts than 2 compartment method in Kungsladugård area and in Lundby area. The main reason is 4 

compartment trucks are larger thus taking larger loads leading to lower fuel consumption per unit mass 

transported compared to the 2 compartment trucks. Investigation of using electric trucks, using 

Swedish electricity, shows about 90% less global warming impact than using biodiesel trucks in both 

methods and areas. Furthermore the sensitivity analysis indicated that the environmental impact 

changes when using electricity produced in different countries or fossil fuel use instead of biodiesel. In 

conclusion 4 compartment waste collection method is the superior choice over the 2 compartment 

method and using electric trucks are the best choice.  
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Abbreviation  

AP, Acidification Potential 

CFCs, Chlorofluorocarbons  

CO2, Carbon dioxide 

EP, Eutrophication Potential 

FNI, Fastighetsnära Insamling: Collection of waste at the property boundary or at an agreed or    

designated location within a reasonable distance from the property. 

FTI, Förpacknings- och Tidnings Insamling:  The owner of FTI is five material companies: MetallKretsen, 

Plastkretsen, Pressretur, Returkartong och Svensk Glasåtervinning. In the boards of FTI and the material 

companies you will find representatives from the packaging and newspaper industry, retailing and 

branch organisations (ftiab.se). FTI has local stations for collecting waste which are mostly in the 

walking distances.  

GHG, Green House Gas 

GVW, Gross vehicle weight 

GWP, Global Warming Potential 

HCFCs, Hydro chlorofluorocarbons  

IPCC, Intergovernmental Panel on Climate Change 

ISO, International Organization for Standardization 

LCA, Life Cycle Assessment 

LCI, Life Cycle Inventory 

LCIA, Life Cycle Impact Assessment 

MJ, Mega joule 

NH3, Ammonia 

N2O, Nitrous oxide 

NOx, Nitrogen oxide 

RPM, Revolutions per Minute 

SO2, Sulphur dioxide  

SOx, Sulphur oxides 

US, United States 

UV, Ultraviolet 
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1 Introduction  
In most countries which are developed or developing with increasing population, wealth and 

urbanization, collecting, recycling, treatment and disposal of increasing quantities of solid waste and 

wastewater is one of the main challenges for big cities (Cherubini, 2009). 

A foundation of sustainable development is the formation of affordable, functional and sustainable 

waste management. It must be highlighted that public health, safety and environmental benefits 

depend on effective waste management practices which simultaneously reduce Greenhouse Gas (GHG) 

emissions and develop the quality of life, support public health, protect water and soil from 

contamination, preserve natural resources and provide benefits of renewable energy (Cherubini, 

2009). 

For all above mentioned reasons, there is a growing interest in several alternatives for management of 

resources and waste with the purpose of design strategies for cohesive, sustainable resource and waste 

management policies (Cherubini, 2009). 

Most earlier of LCA studies related to waste management systems have been performed in early 

nineties (Gentil, 2010). Using the method of Life Cycle Assessment (LCA) is possible to effectively 

calculate the environmental impacts (De Feo, 2012). LCA can be performed in this instance as an input 

to decision-making concerning the choice of waste management systems, or strategic decisions 

regarding resource use priority. Moreover, LCA is able to deliver an overview of the environmental 

aspects of different waste management strategies, and makes it possible to compare the potential 

environmental impacts of these alternatives.  

Energy consumption constantly surges in all countries around the world and transportation is one of 

the major responsible parts with a substantial role in GHG emissions and therefor climate change 

because of consuming over 95% fossil fuels (Bicer, 2018). The main reason for emissions increase was 

due to emissions from the transportation in road sector, which enlarged by 68% since 1990 and is 

responsible for three quarters of transport emissions in 2013 (IEA, 2014). 

The GHG emissions of electric vehicles are dependent on the CO2 concentration of the energy mix used 

for the electricity supply in different countries (Doucette, 2011). Subsequently, the energy supply from 

the countries with lower CO2 concentration have the chance to fully benefit from electric vehicles usage 

for reducing the GHG emission in the transportation (Bartolozzi, 2013). 

One of the key methods to find out how green a vehicle with alternative-fuel is to perform LCA from 

cradle to grave. The complete environmental impact of fuel production and operation of vehicles 

should to be evaluated by performing LCA (Graedel, 2010). A detailed LCA includes inventory, impact 

analysis, and enhancement studies (1) quantifying material and energy flows, (2) evaluating 

environmental impacts, and (3) recommending process improvement options. Several studies have 

been performed in the literature measuring the environmental impacts of different transportation 

means by using the LCA (Li, 2016). LCA comparison of the electric vehicles and internal combustion 

vehicles were performed by Ma (2012).  

The aim of this study is to perform a LCA of waste collection systems. The purpose is mainly to use the 

LCA in transportation. Göteborgs Stad is interested in parts of waste collection systems that can be 

better in terms of environmental impacts. Also, a comparison will be made with waste collection, to 

show advantages and disadvantages of 2 and 4 compartment vessels. 
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In this project, the main focus of LCA is to measure the environmental impact of the waste collection 

and transport only and compare two different methods. The waste recycling processes are similar 

between two methods and would not be considered in the LCA. The main fuel for the trucks are 

biodiesel. Alternative fuels for the trucks have also been investigated with the main focus on the 

electric trucks 

 

2 Method and material 
This life cycle assessment was performed during summer and autumn 2019, involving literature review, 

data collection and data analysis. Data collection was done by contacting with city administrations of 

Mölndal and Göteborg and different recycling companies by personal communication. For data which 

could not be retrieved from suppliers a reasonable assumption was made. The collected data were 

then analysed with the computer software openLCA 1.8.0 developed by GreenDelta and the impact 

assessment method CML- IA baseline, which is implemented in openLCA. The results were then 

compiled and discussed in this report. 

2.1 Life Cycle Assessment 
Life Cycle Assessment methodology analyses the environmental impacts of a product or a technical 

process. The ISO 14040 (ISO, 2006), describes LCA as a “compilation and evaluation of the inputs, 

outputs and the potential environmental impacts of a product system throughout its life cycle”, which 

means that the use of natural resources and the emission of pollutants from the product's life cycle, 

including raw material extraction, manufacture, distribution, sale, use, maintenance and final disposal, 

are described in quantitative terms. This results in a further environmentally related information, such 

as climate change, land use and water depletion (Baumann, 2004). A series of international standards, 

such as ISO 14040, published in 1997 and ISO 14044, issued in 2006, guides the LCA technique. The 

standards describe the life cycle evaluation standards, structures and guidelines. 

Based on the ISO 14040 (ISO, 2006), an LCA should include four methodological steps: goal and scope 

definition, life cycle inventory analysis (LCI), life cycle impact assessment (LCIA) and interpretation of 

results and improvement assessment (Figure 1).   

 

Figure 1 General methodological framework for LCA (ISO, 2006) 
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According to ISO 14041, the goal and scope definition must state the reason, the intended application, 

and the study audience. The LCA will define and describe the system to be assessed in terms of: the 

functional unit a key element that will provide a reference to which the raw materials used and the 

emissions of pollutants can be associated; the choice of the impact assessment methodology and the 

impact categories; the system boundaries, that describes what process are included or not in the 

project; assumptions; the principles of allocation; and data requirements. 

A system model is built agreeing to the requirements of the goal and scope definition in the inventory 

analysis. It contains the structure of a flowchart with the process included by the system; data collection 

concerning the processes inputs and outputs, and its quality requirements. 

The LCIA objective is to describe the inventory results by the aspect of environmental loads to lead to 

an enhanced understanding of the environmental importance of the system. It converts the resource 

use and pollutant emissions in terms of impact categories, such as climate change and acidification, by 

considering the potential environmental impacts of each element. 

The last step in the LCA is the life cycle interpretation. It consist of the identification of related issues, 

for instance process that contribute considerably for an impact category; test the robustness of the 

results by checking inventory gaps, methodological choices and running a sensitivity analysis; and 

making conclusions and recommendations for the performers involved in the study (Baumann, 2004). 

 

2.2 Background 
In a one-year test which was conducted in two residential areas, Kungsladugård and Lundby (Figure 2), 

families have been asked to use one pair of compartment vessels to deposit their waste. One vessel is 

for organic and residual waste which is collected every week and another one is for plastic and paper 

packaging which is collected once every two weeks. Metal, glass and newspapers should be brought to 

the recycling stations. 

 

 
 
 

 

Figure 2 Two residential areas in Gothenburg. 
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Housing in villas has so far been referred to recycling stations, but further measures are needed to 

reduce the proportion of recyclable waste in residual waste.  

A new strategy has been started for FTI recycling station's location in Göteborg. In all new detailed 

plans, stadsbyggnadsenheten at Kretslopp och vatten looks through the area and looks at whether 

there is a possibility and suitability for a new FTI recycling station. The recycling stations that need to 

be removed because of new housing are being tried in alternative places. Many new homes are built 

with garbage room (miljöhus) with FNI, which is why existing FTI recycling stations are often needed 

for surrounding older buildings (Hilmersson, 2018). 

The 2 compartment truck method could be a complement to FTI recycling station and it would not be 

necessary to replace the entire FTI recycling station system with FNI. The idea of this concept is to 

collect larger quantities of waste (organic waste, residual waste, paper packaging and plastic packaging) 

near each house and the rest of the waste which has smaller quantities (metal, glass and newspaper) 

must be deposed in different places such as FTI recycling station (Hilmersson, 2018). 

 

2.2.1 Kungsladugård's area 
Private home area in the western part of central Göteborg. There are five FTI recycling stations within 

500 meters radius from the centre of the area, it is easy to reach the stations both on walking distance 

and by car. Blue-marked recycling stations below will be removed in the long term due to exploitation. 

In total there are about 304 pick-up points in the area shown in Figure 3 (Hilmersson, 2018). 

  

 

Figure 3 Pick-up points in Kungsladugård (Left) and Lundby (Right) areas and distances to recycling station. Lundby area 
marked by blue line 

 

                                                     

2.2.2  Lundby area 
Property area on the central part of Hisingen. There are no FTI recycling stations within 500 meters 

radius from the centre of the area. There are two recycling station within a radius of 800 meters. There 

are about 475 pick-up points in the area. Blue-marked recycling station will be removed in the long 

term due to exploitation as shown in the Figure 3 (Hilmersson, 2018). 

3 Goal and Scope 
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In this part the goal and scope of the study will be defined in detail. The goal will be specified together 

with conditions for the assessment as desired audience and type of LCA. The scope subsequently 

contains information on the functional unit, system boundaries, data quality requirements, and 

limitations in the study along with which impact categories the study focuses on. 

 

3.1 Goal definition 
The goal of this study is to provide a transparent and comprehensive environmental impact of waste 

collection strategies. The goal of the LCA is to compare the current testing method in Lundby and 

kungsladugård (Göteborg City) with the 4 compartment method (being used in Mölndal). The trucks in 

2 compartment method collect a pair of 2 compartment vessels and some part of the waste would be 

collected by FTI (collecting metal, glass and newspaper). The trucks in 4 compartment method collect 

all the waste in a pair of 4 compartment vessels by each house.  

 

3.2 Scope of the Study 
The scope of the study gives information on the selections of functional unit, system boundaries and 

impact categories made to describe the study. 

 

3.2.1 Functional unit: 
An LCA connects the environmental impact to the function of the product rather than to the product 

itself. Therefore a functional unit has to be chosen to quantify the performance of the system as a 

reference unit used when comparing different products (Baumann, 2004). 

The functional unit of the study is the collection of 500 tonne of household waste in either the 2 

compartment vessels combined with FTI or in the 4 compartment vessels in order to compare the two 

systems. 

The 500 tonnes waste has been selected as the quantity of the functional unit and the reference flow. 

It approximately equals to the annual waste collection mass in Kungsladugård and Lundby combined 

(Hilmersson, 2018). It has been recommended in LCA guidelines to select the annual quantity or the 

point of interest for determining the functional unit (Klöpffer, 2014). The environmental impact of 

annual waste collection is interesting for Göteborgs Stad, since the responsible people could 

understand how much annual environmental impact can be reduced by using a different waste 

collection method. 

 

3.2.2 System boundary: 
The technical system boundaries include all of the processes that are considered in the LCA (Error! 

Reference source not found.). In this case, upstream processes such as manufacturing of plastic or 

paper are not included, only the transportation of collected waste to three destinations are considered. 

The geographical boundary is in Göteborg and also the temporal boundary is 10 years, because new 

trucks and waste collection systems would be released in the future. So, the LCA should be updated. 
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3.2.3 Impact Categories and Impact Assessment Method 
An environmental impact can be a number of different things, such as global warming, toxicity, 

depletion of ozone layer. When using a Life Cycle Assessment it has to be specified what impacts are 

going to be analysed. In the ISO standard it is mentioned that three different types of impact should be 

concidered, which are resource use, ecological consequences, and human health. There are a number 

of pre defined impact lists that can be used when determining what impact categories that will be 

concidered in the study. These defined impact lists are applied in the computer software used in this 

study, openLCA. One of these is called CML- IA baseline and will be used in this study (Baumann, 2004) 

3.2.3.1 Global warming (GWP 100a) 

Scientific consensus now exists that the rise in these emissions has a significant impact on climate. 

Climate change is one of the main environmental effects of economic activity, and one of the most 

difficult to manage because of its broad scale. Factors are expressed as global warming potential over 

the different years' time horizon, being the most typical 100 years (GWP100), calculated in the 

reference unit, kg CO2 equivalent (openLCA, 2016). 

3.2.3.2 Acidification potential (AP)  

Acidic gasses such as sulphur dioxide (SO2) react with atmospheric water to form "acid rain," a process 

called acid deposition. As this rain occurs, quite a great distance from the initial gas source (e.g. Sweden 

absorbs the acid rain caused by gasses produced in Italy), it causes various degrees of habitat damage, 

depending on the complexity of the landscape habitats. Gases that cause acid deposition include 

ammonia (NH3), nitrogen oxides (NOx) and sulphur oxides (SOx). Acidification potential is expressed 

using the reference unit, kg SO2 equivalent (openLCA, 2016). 

3.2.3.3 Eutrophication potential (EP) 

Eutrophication is the accumulation of a concentration of chemical supplements in an environment 

which leads to abnormal productivity. This causes uncontrolled plant growth like algae in rivers which 

causes high reductions in water quality and animal populations. Emissions of ammonia, nitrates, 

nitrogen oxides and phosphorous to air or water all have an effect on eutrophication. This category is 

expressed using the reference unit, kg PO4 3- equivalents (openLCA, 2016). 

3.2.3.4 Ozone layer depletion (ODP) 

Ozone-depleting gases cause harm to stratospheric ozone. The effects of different gases in the 

stratosphere joint with all chlorinated and brominated compounds that can reach the stratosphere 

steadily is uncertain. Chlorofluorocarbons CFCs, halons and hydro chlorofluorocarbons HCFCs are the 

main reasons for ozone depletion. Damage to the ozone layer decreases its properties to filter 

ultraviolet (UV) light entering the earth’s atmosphere, increasing the amount of carcinogenic UVB light 

traveling up to the earth’s surface. This category is expressed using the reference unit, kg CFC-11 

equivalent (openLCA, 2016). 

3.2.3.5 Human toxicity 

The human toxicity is a calculated index reflecting the potential harm of a chemical unit released into 

the environment and is based on both the compound's substantial toxicity and its potential dose. These 

by-products, mostly arsenic, sodium dichromate, and hydrogen fluoride, are largely caused by fossil-

sourced electricity production. Those chemicals are potentially harmful to humans by inhalation, 

absorption, and even touch. This impact category is measured in 1,4- dichlorobenzene equivalents 

(openLCA, 2016). 
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3.2.4 Limitations and Assumptions 
Transports are included for all processes. The distances have been calculated as accurately as possible 

from google maps based on the 2 compartment report (Hilmersson, 2018). Waste collection route 

inside each property area has been approximated from the google maps.  

Since two waste collection scenarios have been compared regardless of the recycling and incineration 

processes, just the transport processes has been considered in the comparison. In the 4 compartment 

waste collection method, almost all of the waste would be collected from each house, but in the 2 

compartment waste collection method, small fraction of waste (newspaper, metal and glass) need to 

be deposited to the FTI recycling stations which is in walking distance from houses. So, the process of 

transporting waste to the FTI recycling stations assumed to have no environmental impact. To analyse 

how people transport their waste to recycling station is complicated. However, it is a rather fair 

assumption because people living nearby the FTI recycling stations and many of them do not use car 

every day. 

The fuel type of the biodiesel transportation is biodiesel which is made of combination of different 

waste. Raw materials are different animal and vegetable fats and most commonly are waste and 

various by-products and residues from e.g. slaughterhouses and ethanol production. (OKQ8, 2019), but 

in Ecoinvent dataset, vegetable oil (rape oil) has been considered. 

In electric truck processes in Ecoinvent dataset, just electrical energy consumption has been considered 

for vehicle and battery manufacturing. No environmental impact has been considered in battery 

recycling.  

Since the waste collection trucks are empty in the beginning of the waste collection loop, and would 

fill up gradually. This process of the filling up has not been considered and the trucks are assumed to 

have loaded all their collected waste in the beginning of the loop.  

 

3.3 System description 
A basic flowchart of the transportation life cycle has been made to show the main focuses, as shown in 

Figure 4.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4 Initial flow chart of the waste collection system 
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The life cycle of transportation of waste is simply described. The data was given by Göteborgs Stad, 

Mölndals Stad and Renova AB. The data collected was then connected to the database Ecoinvent of 

that contained information on different processes. Data were also gathered on all transports of waste 

from their origin to three different destination. Veolia is a recycling depo centre for recyclable waste. 

Renova's waste heat and power plant at Sävenäs, combustible waste from households and businesses 

is converted into heat and electricity. Marieholm, Renova's biological waste treatment plant, organic 

waste from becomes a raw material for biogas and bio fertilizer. Transports are shown as arrows in the 

flow chart (Figure 4). The use phase has no environmental impact as only families deposit their waste 

without using car. 

 

3.3.1 Two compartment waste collection system combined with FTI  
The test participants in the 2 compartment waste collection method were offered two 240 litter vessels 

divided into 2 compartments in the middle (Figure 5). The vessel number 1 which contains organic and 

residual waste is being emptied every week. The vessel number 2 which contains packaging waste is 

being emptied every two weeks. In the vessel number 2, plastic packaging is sorted in one compartment 

and paper packaging in the other compartment as shown in Figure 5. The other recyclable waste (metal, 

glass and newspaper) is being deposited at FTI recycling station (Figure 6). So this method would work 

as a combination of 2 compartment vessels at each house and FTI recycling stations. 

 

Figure 5 Two compartment vessels 

 

 

 

Figure 6 FTI recycling station (Left), FTI truck while emptying the container (Right) 
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The 2 compartment vehicle with organic and residual waste would empty both waste fractions at 

Högsbo waste depo centre at A Odhners gata. Then, organic waste will be transported to Marieholm 

(Renova's biological waste treatment plant) and residual waste will transport to Sävenäs (Renova's 

waste heat and power plant).The packages were delivered to Veolia recycling depo centre at 

Importgatan. Containers at the FTI recycling stations are being emptied and directly transport to Veolia 

as shown in Figure 7. 

 

Figure 7 Detailed flow chart of the two compartment waste collection system (alternative 1) 

 

3.3.2 Four compartment waste collection system 
In the 4 compartment waste collection method which is in service in Mölndal city uses two 370 litter 

vessels divided into 4 compartments acts as a mini recycling station at each house (Figure 8). The vessel 

number 1 which contains organic and residual waste, newspaper and coloured glass is being emptied 

every 14 days. The vessel number 2 which contains paper and plastic packaging, metal and uncoloured 

glass is being emptied every 14 days. 

 

 

Figure 8 Four compartment vessels 
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The organic and residual waste collected with the 4 compartment truck empties both waste fractions 

at Högsbo waste depo centre then newspaper and coloured glass will be transported to Veolia recycling 

depo centre at Importgatan. 

 Vessel number 2 will be emptied by 4 compartment truck and transported directly to Veolia recycling 

depo centre at Importgatan as shown in Figure 9.  

 

Figure 9 Detailed flow chart of the waste collection system (alternative 2) 

 

3.3.3 Vehicles 
The truck used in 2 compartment method is Volvo with a Joab Anaconda Twin (Figure 10). Waste 

collection truck was just designed for 2 compartment vessels and could empty both parts at the same 

time as shown in Figure 10. In 4 compartment method, the truck is Scania with NTM Quatro. This type 

of truck was designed just for four compartment vessels to lift all 4 parts at the same time as shown in 

Figure 10. 

 

Table 1 Different waste collection trucks specifications. 

Truck type Truck 
model 

Collection 
system 

Fuel type GVW Average 
payload 

Fuel 
consumption, 
liters per 100 
km 

2 compartment 
truck 

Volvo FL 
4x2 
EURO6 

Joab 
Anaconda 
Twin 

Biodiesel 12.4  
tonnes 

1 tonnes 26.56 

4 compartment 
truck 

Scania 
EURO6 

NTM 
Quatro 

Biodiesel 19.5 
tonnes 

3.5 tonnes 32.59 
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Figure 10 Different waste collection trucks, 2 compartment truck (Left) and 4 compartment truck (Right) 

 

4 Life Cycle Inventory 
This section contains information about the data used in the assessment.  

4.1 Data collection 
Primary data on waste collection and transportation is obtained from Gothenburg municipality. All 

types of wastes, amount, transportation vehicles, and duration for engine idling and solid waste 

management activities of the municipality were also obtained from the municipality. 

Also there are some data of municipal waste collection in Mölndal municipality, which is the neighbour 

municipality to Gothenburg. Corresponding data related to waste collection, transportation and energy 

use were taken from the Mölndal municipality which is using 4 compartment waste collection method.  

Transportation distances between beginning and destination have been calculated by Google Maps. 

The distance travelled by the waste collection trucks inside each area has been approximated inside 

google maps.  

Literature on waste management and collection have been reviewed from the scientific databases. 

Other related information have been gathered from published articles and energy agencies in Sweden 

to perform the calculations. 

The waste collection data of Mölndal and Göteborg have been obtained from avfallweb database and 

2 compartment report, respectively (Hilmersson, 2018). The waste composition percentage and 

functional unit mass fraction of each waste type has been calculated. The calculation results are shown 

in Table 2 for Göteborg and Table 3 for Mölndal. 77% of total paper packaging in Lundby & 
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Kungsladugård is paper packaging and 21% is newspaper.  This has been applied in the Table 3 

(Hilmersson, 2018). The data from Göteborg have been used for 2 compartment method and the data 

from Mölndal have been used for the 4 compartment method. 

Table 2 Waste composition and functional unit of waste in Göteborg  

*: Lundby & Kungsladugård source: avfallweb database (Web, u.d.) 

**: Data source: ”Test av 2-facksinsamling från villor Sammanställning efter 1 år” report (Hilmersson, 2018). 

Göteborg*, 2018 kg/home/week Composition % Functional unit mass fraction  
(Total 500 tonnes) 

Organic waste 4.2** 32.94 164.71 

Residual waste 4.4** 34.51 172.55 

Paper packaging  1.69 13.25 66.27 

Plastic packaging 0.7 5.49 27.45 

Metal 0.06 0.47 2.35 

Newspaper 0.5 3.92 19.61 

Colored glass 0.72 5.65 28.24 

Uncolored glass 0.48 3.76 18.82 

total 12.75 100.00 500 
 

Table 3 Waste composition and functional unit of waste in Mölndal 

*: Data source: avfallweb (Web, u.d.). 

Mölndal*, 2018 kg/home/week Composition % Functional unit mass fraction  
(Total 500 tonnes) 

Organic waste 1.86 17.65 88.24 

Residual waste 6.2 58.82 294.12 

Paper packaging  0.72 6.83 34.16 

Plastic packaging 0.4 3.80 18.98 

Metal 0.09 0.85 4.27 

Newspaper 0.27 2.56 12.81 

Colored glass 0.97 9.20 46.02 

Uncolored glass 0.03 0.28 1.42 

total 10.54 100.00 500.00 

 

 

4.2 Adjustments  
In order to create the transport processes, the following adjustment has been performed. 

 

4.2.1 Biodiesel transportation 
In this study, biodiesel truck adjustment have been made for three types of transportation processes. 

Three existing EURO6 diesel trucks from Ecoinvent dataset with capacity of 7.5-16 ton, 16-32 ton and 

> 32 ton trucks have been converted from fossil fuel diesel to biodiesel. This conversion has been 

performed by substituting diesel fuel input with vegetable oil methyl ester (rape seed oil) and the fossil 

CO2, CO and Methane fossil output with non-fossil type. 
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The process defined for the diesel truck in the Ecoinvent dataset have inputs as diesel fuel, brake wear, 

road construction, maintenance, road wear and tyre wear emission as inputs and combustion exhaust 

as outputs (ex. CO2, CO, CH4 and NOx). 

The biodiesel truck fuel consumption per ton.km in Ecoinvent dataset has been calculated with much 

higher average payload compared with the actual payloads in this project. Since the amount of truck 

payload affects the fuel consumption per ton.km drastically, it has been calculated again using the 

actual average payloads of the trucks in this project using the following formula: 

 

Fuel consumption per ton.km = (Fuel consumption per 100 km) / (100 * Actual average payload of each 

truck in tonnes) 

Transport fuel consumption (kg fuel) = (kg fuel per ton.km)*(Functional unit mass ton)*(Transport km) 

 

The actual fuel consumption per 100 km has been interpolated between the empty and fully loaded 

truck fuel consumption values provided by Volvo truck’s guideline (Table 4). 

 

Table 4 Typical EURO6 trucks fuel consumption from Volvo trucks guideline 

 

 

4.2.2 Electric transportation 
In order to create the electric truck transportation process, a new process has been created using the 

electricity production in Sweden as the energy input. The amount of electrical energy consumed for 

manufacturing and operating the electric truck has been considered 3.49 MJ per tonne km load 

transported (Lee, 2013). Brake wear, road construction, maintenance, road wear and tyre wear 

emission inputs has been copied from a similar diesel truck to the new electric truck transportation 

process (Figure 3).  
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Figure 11 Electric truck transportation process inputs 

 

4.2.3 Engine idling 
Since the waste collection trucks having a lot of stops collecting the waste from each house, causes 

quite long periods of engine idling situation. Some new generations of trucks  may have engine start-

stop system. But, the trucks which are being used in this study do not have this system installed.  

The waste collection trucks in the current 2 compartment waste collection method in Göteborg, stop 

on average around 150 times (1 minute duration of each stop) during each loop, based on the data 

from Renova AB. The total 150 minutes of the diesel engine in idling state, leads to considerable amount 

of emissions.  

Engine idling is just valid for internal combustion engines since the engine needs starter and could not 

output power from zero RPM. On the other hand, electric motors could output power from zero RPM 

without need for starter or clutch. When the electric truck stops, the motor stops completely and does 

not use any electricity, therefore there is no need to consider idling energy consumption of electric 

trucks. The only energy that electric truck consumes is to lift the waste vessels and also cabin heating. 

Lifting a 10 kg vessels in 150 stops for 4 meters equals to about 60 kJ of energy equals to the energy of 

about 1.5 gram of diesel fuel, which is negligible. For the heating we could consider a 2 kW heater 

working for 150 minutes of idling which equals to 5 kWh or equal to energy of half a litre of diesel fuel. 

The calculated fuel consumption of diesel truck idling for 150 stops was 7.5 kg diesel fuel. Which is 

about 15 times the energy consumption of electric truck during those 150 stops. Thus, energy 

consumed during stops has not been considered for electric trucks. 

JOAB recycling AB (waste collection truck’s supplier for Göteborgs Stad), have mentioned, the biodiesel 

truck does not have auto stop engine function. So, the engine consumes fuel during each stop. The 

waste collection system in the truck such as vessel lifting system needs power from engine to work 

during each stop.  

 

The waste collection trucks usually consume 3.52 kg (1 US gallon) diesel per hour idling state (Gaines, 

2006). This value assumed to be the same for both truck types since both of them belong to the 

trash/garbage category according to Gaines (2006). The idling fuel consumption has been calculated 

based on the actual average payload of each truck, reasulting in per ton.hr idling. The following formula 

has been used to calculate the idling fuel consumption: 

kg fuel consumption per ton.hr = (Idling fuel consumption kg/hr) / (Truck average payload kg) 
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Idling fuel consumption (kg fuel) = (kg fuel per ton.hr)*(Functional unit mass ton)*(Hours idling) 

 

The results of idling fuel consumption calculation for each truck has been provided in Table 5 

Idling processes has been created for each transport process in openLCA by using vegetable oil methyl 

ester (rape seed oil) as the only input.  

 

Table 5 Idling fule consumption in 2 and 4 compartment method 

Idling 2 compartment 

  
Truck average 
payload (Kg) 

Idling fuel 
consumption (Kg/hr) 

Idling fuel consumption  
per ton*hour (kg fuel) 

Lundby vessel 1 1258.3 3.52 2.798 

Lundby vessel 2 847.0 3.52 4.156 

Kungsladugård vessel 1 1362.6 3.52 2.583 

Kungsladugård vessel 2 914.0 3.52 3.851 

Idling 4 compartment 

Lundby vessel 1 3500 3.52 1.006 

Lundby vessel 2 3500 3.52 1.006 

Kungsladugård vessel 1 3500 3.52 1.006 

Kungsladugård vessel 2 3500 3.52 1.006 
 

 

4.3 Electricity production 
Electricity production in Sweden mainly generated from hydropower and nuclear power. In 2017 

electricity production consisted of 40% hydropower, 39% nuclear power and 11% wind power (Figure 

12). The remaining 9% was mostly combustion-based production, largely in combined heat and power 

plants and in the industrial processes (Energimyndigheten, 2017). 

 

Figure 12 Electricity production in Sweden 2017, TWh, visualized by production type category 



 

22 
 

5 Results 
In this section results of the life cycle impact assessment of waste collection systems are presented. 

The impact categories included are global warming (GWP 100a), human toxicity, acidification potential, 

eutrophication potential and ozone layer depletion.   

The global warming potentials of the waste collection system are comparatively shown in Figure 13. 

The lowest GHG emissions are observed in electric trucks rather than biodiesel trucks in Kungsladugård 

and Lundby. Both transporting and idling global warming impact of 4 compartment method are 

significantly lower than 2 compartment method. This is because the average payload of 4 compartment 

trucks are much larger than the 2 compartment trucks. So, fuel consumption per ton.km is lower in 4 

compartment truck, leading to a lower CO2 emission.  

 

 

 

Figure 13 Global warming (GWP 100a) 
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The acidification values are mainly caused by sulphur dioxide (SO2) emission (Heijungs, 1992) which are 
higher in biodiesel trucks than electric trucks as shown in Figure 14. Because renewable mix is used in 
the electric operation, the acidification value is lower than biodiesel vehicles. Also, total effect of 
acidification in 4 compartment trucks is significantly lower than 2 compartment trucks because of lower 
fuel consumption per ton.km in 4 compartment trucks. 
 

  

 

 

Figure 14 Acidification potential 
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The eutrophication is the impact of excessive levels of macronutrients including phosphate (PO4
3-), 

ammonia (NH3) and nitrogen oxides (NOx) in the environment (Heijungs, 1992). The lowest 

eutrophication value is observed in electric trucks in Kungsladugård and Lundby as shown in Figure 15. 

However, the impact of eutrophication in 4 compartment biodiesel truck is much lower compared to 2 

compartment biodiesel. Eutrophication of electric trucks are much smaller than biodiesel trucks, 

because using fertilisers in biodiesel production are main cause of eutrophication (van Wijnen, 2015). 

Also, environmental effect of engine idling in 2 compartment trucks is much higher than 4 compartment 

trucks in both areas.  

 

 

 

Figure 15 Eutrophication potential 
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Sweden is nuclear power (Energimyndigheten, 2017). Based on Ecoinvent 3.4 dataset, CFC-114 (ozone 

layer depleting gas) would be emitted during uranium enrichment process and uranium is used in 

nuclear electricity production. 

In addition, the reason for biofuel ozone layer depletion is, trichloromethane, which is being used in 

acetanilide production which is used in rape seed oil production (according to Ecoinvent dataset).  

 

 

 

 

 

 

Figure 16 Ozone layer depletion (ODP) 

 

 

 

The impact of human toxicity caused by electric trucks is smaller than biodiesel trucks of both 

Kungsladugård and Lundby (Figure 17). Because half of the emission in electric trucks is for uranium 

production in nuclear electricity production and half of that for break wear emissions because of 

4,40E-04 4,90E-04
3,57E-04

2,08E-04

6,30E-04

2,70E-04

0

0,0002

0,0004

0,0006

0,0008

0,001

0,0012

0,0014

2 Compartment,
Biodiesel

4 Compartment,
Biodiesel

2 Compartment,
Electric

4 Compartment,
Electric

kg
 C

FC
-1

1
 e

q

Ozone layer depletion (ODP), Kungsladugård

Transport Electric Transport Biodiesel Idling Biodiesel

6,20E-04
7,50E-04

6,40E-04

3,63E-04

6,90E-04

2,70E-04

0

0,0002

0,0004

0,0006

0,0008

0,001

0,0012

0,0014

2 Compartment,
Biodiesel

4 Compartment,
Biodiesel

2 Compartment,
Electric

4 Compartment,
Electric

kg
 C

FC
-1

1
 e

q

Ozone layer depletion (ODP), Lundby 

Transport Electric Transport Biodiesel Idling Biodiesel



 

26 
 

particles from brake wear based on the Ecoinvent dataset. The Biodiesel 4 compartment trucks have 

lower human toxicity impact than the 2 compartment trucks. 

 

 

 

 

Figure 17 Human toxicity 
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Figure 18 Percent improvement by using 4 compartment method over 2 compartment method in different areas. 
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5.1.2 Electricity from different country source  
Today, electricity production in Sweden is around 40% by nuclear power and 40% by hydropower 

(Energimyndigheten, 2017). So, the environmental impact of electric transportation would change 

depending on electricity source. Due to this a sensitivity analysis of how the environmental impact will 

change if electricity source change to Norway (almost all electricity production by hydropower) or 

Denmark (close to 40% of electricity production by fossil fuel (Energiforetagen, 2016)) instead. The 

result is presented below in Figure 19 and Figure 20. It is clear that the environmental impact changes 

drastically when using electricity produced in different countries.  

The trend in both Lundby and Kungsladugård is similar. Waste collection using 2 compartment method 

with biodiesel fuel has been taken as the reference (shown as 100%) for the comparison with other 

fuel types. As a result, using fossil diesel instead of biodiesel shows about 80% overall increase.  

Using electric trucks supplied with the electricity produced in Sweden and Norway decreased the global 

warming impact drastically. However, supply of electricity produced in Denmark did not provide any 

significant improvement.  

 

 

Figure 19 Comparison of the relative Global Warming (GWP 100a) of the transportation using different fuel sources in 
Kungsladugård, with 2 compartment biodiesel truck as reference. 
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Figure 20 Comparison of the Global Warming (GWP 100a) of the transportation using different fuel sources in Lundby, with 2 
compartment biodiesel truck as reference. 
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Lundby and Kungsladugård area shows a better waste sorting than whole Mölndal. The reason could 

be those two specific areas in Göteborg are Villa areas compared to Mölndal city which has all different 

properties in its statistics.  

All trucks in this project are using biodiesel which compared to fossil diesel decreases the emissions 

almost 45%. The electric trucks are coming to the streets in the coming years. Electric transport is well 

known to be environmental friendly, however it is just the beginning of penetration to the road 

transport and all the long-term environmental impacts are not known. There could be probable 

benefits on using electric vehicles, However there is a risk that quick adoption of electric transportation 

maybe considered a the technological solution to reduce the GHG emissions (Tran, 2012). There would 

be more need for batteries to be produced and recycled. Battery production needs huge mass of raw 

material to be extracted from nature causing high environmental damages and also battery recycling 

is also very complicated (McManus, 2012). Electricity production and supply needs to be increased 

globally to meet the demands of the new electrical vehicles. It is important that the extra electricity 

supply be produced environmental friendly in order to take advantage of the electric transport 

movement (Bicer, 2018). The increased amount electricity power demand may also cause instability of 

power quality and supply security (Matthias D. Galus, 2012). On the other hand biodiesel is being used 

widely and the environmental impacts are more known and could be a good solution for the moment 

until the prime time of the electric trucks be approached. 

The environmental impact calculations in this project has been tried to replicate the reality and can be 

relied upon. However this results may not be enough for making a decision about the best waste 

collection method for Göteborg. The 2 compartment method is a working method combined with the 

existing FTI stations. Changing this method to the 4 compartment method requires buying new trucks 

and stopping using the previous trucks and also stopping the usage of FTI stations. This causes extra 

environmental impact by new truck manufacturing and recycling the old ones. The mentioned 

environmental impacts should also be taken into account. The 4 compartment trucks are larger and 

probably a relative short life-time. It may lead to higher environmental impacts caused by 

manufacturing and recycling. 

Since the 2 compartment trucks are taking less waste mass compared to the 4 compartment trucks, it 

is also recommended that the responsible team at Göteborgs Stad perform a deep investigation in 

order to find the reason behind why the amount load is lower relatively and how it can be increased. 

The 2 compartment trucks are capable of taking larger mass allowed by the manufacturer’s 

specification, but waste density, routing and limited working hours may limit the amount of total 

loaded mass to the trucks. Therefore this analysis likely be highly effective on reducing the emissions 

in the current 2 compartment collection method. 

Furthermore, the new technologies (Electric movement, autonomous driving, robots and artificial 

intelligence) are advancing quickly and green electric trucks would be released in the coming years. The 

new electric trucks may open the door for disruptive waste collection methods which be even better 

than both the 2 compartment and the 4 compartment methods. Dynamic routing algorithm together 

with smart bins using both low and high capacity trucks may help to reduce unnecessary fuel 

consumption thus reducing the GHG in a smart way (Anagnostopoulos, 2015). So it is highly 

recommended that a more regular analysis covering wider aspects of new technologies be used in 

order to select a proper waste collection method. 
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7 Conclusions 
LCA was applied in order to evaluate the environmental performance of two waste collection systems 

implemented in Göteborg between Kungsladugård and Lundby areas. Two waste collection scenarios 

were analyzed: 2 compartment vessel combined with FTI recycling station and 4 compartment vessel.  

Taking into account the assumptions and limitations of this study, results show that in biodiesel (rape 

seed oil) trucks, using 4 compartment method instead of 2 compartment method in Kungsladugård and 

Lundby area, decreased environmental impacts about 50% in all impact categories. So, it is more 

environmentally friendly using the 4 compartment method in Göteborg. In addition, analysis shows 

global warming by using electric trucks charged by electricity from Sweden decreased the climate 

impact about 95% compared to 2 compartment biodiesel trucks. Waste collection trucks, have about 

150 minutes of stop during each waste collection loop in both areas. The engine continues operating 

in idling state which contributes to about 50% of the global warming impact in Lundby and about 62% 

in Kungsladugård, respectively.  

The sensitivity analysis points out that the inclusion in the LCA analysis of the fossil fuel compared to 

biodiesel and electricity from Denmark and Norway, the global warming potential in 100 years have 

changed dramatically. Using fossil diesel, have increased global warming impact about 75% in average. 

Furthermore, using electric truck supplied with electricity produced in Norway and Sweden, reduced 

the global warming impact by about 95% and electricity produced in Denmark was not much effective 

(coal is used in electricity production of Denmark). This signifies that electricity production supply is 

considerably important when using electric trucks. 

In conclusion, using the 2 compartment waste collection system combined with FTI recycling station 

may not be the best environmental choice to be used in Göteborg. The 4 compartment waste collection 

method shows about 50% lower environmental impact than the 2 compartment method. The main 

reason is that 4 compartment trucks are loading more waste to the truck than the 2 compartment 

trucks leading to a lower fuel consumption per ton.km.  

Using electric trucks supplied with Swedish electricity in both methods and both areas, showed 

significant decreasing of environmental impacts compared to biodiesel trucks. 

Finally, based on the analysis in the project, 4 compartment waste collection method could be a smart 

interim solution until all the infrastructure become ready for using electric trucks which have shown 

the least amount of environmental impacts.  
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9 Appendix 

9.1 Waste collection diagram  
2 compartment waste collection diagram Kungsladugård area. 

  

Vessel 1:  

        Organic and residual waste (functional unit 337.25 tonne), from Kungsladugård to Högsbo 

(waste depo centre) 

2 compartment truck (truck size: 7.5- 16 metric ton) 

Distance: 5 km transport + 6 km waste collecting inside Kungsladugård 

        Organic waste (functional unit 164.71 tonne), from Högsbo to Marieholm 

Truck size: >32 metric ton 

Distance: 18 km 

        Residual waste (functional unit 172.55 tonne), from Högsbo to Sävenäs  

Truck size: >32 metric ton 

Distance: 18 km 

 

Vessel 2: 

        Paper packaging and plastic packaging (functional unit 93.73 tonne) from Kungsladugård to Veolia 

(recycling depo centre) 

2 compartment truck (truck size: 7.5- 16 metric ton) 

Distance: 15 km transport + 6 km waste collecting inside Kungsladugård 

 

FTI: 

        Metal, newspaper and glasses (functional unit 69.02 tonne) from Kungsladugård to Veolia 

(recycling depo centre) 

Truck size: 16- 32 metric ton 

Distance: 15 km 
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4 compartment waste collection diagram Kungsladugård area. 

 

 

Vessel 1:  
        Organic, residual waste, newspaper and coloured glass (functional unit 441.18 tonne), 

from Kungsladugård to Högsbo (waste depo centre) 

4 compartment truck (truck size: 16- 32 metric ton) 

Distance: 5 km transport + 6 km waste collecting inside Kungsladugård 

        Organic waste (functional unit 88.24 tonne), from Högsbo to Marieholm 

Truck size: >32 metric ton 

Distance: 18 km 

        Residual waste (functional unit 294.12 tonne), from Högsbo to Sävenäs  

Truck size: >32 metric ton 

Distance: 18 km 

        Newspaper and coloured glass (functional unit 58.82 tonne), from Högsbo to Veolia 

(recycling depo centre) 

Truck size: 16- 32 metric ton 

Distance: 18 km 

 

Vessel 2: 
        Paper packaging, plastic packaging, uncoloured glass and metal (functional unit 58.82 

tonne) from Kungsladugård to Veolia (recycling depo centre) 

4 compartment truck (truck size: 16- 32 metric ton) 

Distance: 15 km transport + 6 km waste collecting inside Kungsladugård 
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2 compartment waste collection diagram Lundby area. 

 

Vessel 1:  

       Organic and residual waste (functional unit 337.25 tonne), from Lundby to Högsbo (waste 

depo centre) 

2 compartment truck (truck size: 7.5- 16 metric ton) 

Distance: 12 km transport + 15 km waste collecting inside Lundby 

       Organic waste (functional unit 164.71 tonne), from Högsbo to Marieholm 

Truck size: >32 metric ton 

Distance: 18 km 

       Residual waste (functional unit 172.55 tonne), from Högsbo to Sävenäs  

Truck size: >32 metric ton 

Distance: 18 km 

 

Vessel 2: 

        Paper packaging and plastic packaging (functional unit 93.73 tonne) from Lundby to Veolia 

(recycling depo centre) 

2 compartment truck (truck size: 7.5- 16 metric ton) 

Distance: 12 km transport + 15 km waste collecting inside Lundby 

 

FTI: 

       Metal, newspaper and glasses (functional unit 69.02 tonne) from Lundby to Veolia 

(recycling depo centre) 

Truck size: 16- 32 metric ton 

Distance: 9 km 
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4 compartment waste collection diagram Lundby area. 

 

Vessel 1:  

         Organic, residual waste, newspaper and coloured glass (functional unit 441.18 tonne), 

from Lundby to Högsbo (waste depo centre) 

4 compartment truck (truck size: 16- 32 metric ton) 

Distance: 12 km transport + 15 km waste collecting inside Lundby 

        Organic waste (functional unit 88.24 tonne), from Högsbo to Marieholm 

Truck size: >32 metric ton 

Distance: 18 km 

        Residual waste (functional unit 294.12 tonne), from Högsbo to Sävenäs  

Truck size: >32 metric ton 

Distance: 18 km 

        Newspaper and coloured glass (functional unit 58.82 tonne), from Högsbo to Veolia 

(recycling depo centre) 

4 compartment truck (truck size: 16- 32 metric ton) 

Distance: 18 km 

 

Vessel 2: 

        Paper packaging, plastic packaging, uncoloured glass and metal (functional unit 58.82 

tonne) from Lundby to Veolia (recycling depo centre) 

4 compartment truck (truck size: 16- 32 metric ton) 

Distance: 9 km transport + 15 km waste collecting inside Lundby 
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9.2 Fuel consumption calculation 
The fuel consumption for 2 compartment and 4 compartment trucks has been calculated by 

interpolating the data from Volvo trucks guideline as shown below: 

 

The 2 compartment truck GVW is 12.4 tones, so it belongs to the distribution traffic truck category. The 

GVW of this category is 14 tones and the payload is 8.5 tones. So, the empty truck weight of this 

category would be 14 – 8.5 = 5.5 tones. 

The 4 compartment truck GVW is 19.54 tones, so it belongs to the regional traffic truck category. The 

GVW of this category is 24 tones and the payload is 14 tones. So, the empty truck weight of this category 

would be 24 – 14 = 10 tones. 

The fuel consumption liter/100km has been interpolated based on the data from Volvo trucks and the 

actual GVW of the trucks in this project. The results are shown in the table below: 

 

The interpolated fuel consumption liter/100km has been used to calculate the actual truck fuel 

consumption kg fuel per km by using the fuel density (0.85 kg/liter). The result has been divided by the 

actual average payload of the trucks to calculate the fuel consumption per ton.km (kg fuel). This value 

has been used in the LCA calculations. The results and the inputs are shown in the table below: 

 

 

Result

Truck type
Fuel consumption

 empty litre/100 km

Truck weight 

empty (t)

Fuel consumption

 full litre/100 km

Truck weight 

full (t)
Truck type

Gross Vehicle 

Weight (t)

Interpolated fuel 

consumption

 litre/100km

Truck, distribution traffic 22.5 5.5 27.5 14 2 compartment truck 12.4 26.56

Truck, regional traffic 27.5 10 35 24 4 compartment truck 19.5 32.59

Data from Volvo trucks Trucks in the project

Truck type

Interpolated fuel 

consumption

 litre/100km

Actual truck fuel 

consumption 

kg/100 km

Actual truck fuel 

consumption kg 

per km

Average 

load (t)

Fuel consumption 

per ton.km (kg fuel)

2 compartment truck 26.56 22.58 0.2258 1 0.2258

4 compartment truck 32.59 27.70 0.2770 3.5 0.0791


