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ABSTRACT

Excavation masses constitute the largest waste category within the Swedish construction sector.
Despite the potential for reuse, large volumes are removed from project sites for disposal, while
virgin materials are extracted and used for backfilling. This contributes to greenhouse gas
emissions, mainly through transport of generated masses and the extraction and transport of
virgin materials.

The aim of this thesis was to improve the understanding of the downstream management of
excavation masses removed from project sites and assess their end use, including circular
pathways such as reuse and recycling compared to landfill disposal. The study was conducted
in collaboration with G6teborg Energi, a municipal energy company in Gothenburg, Sweden.
The company generates excavation masses from groundwork associated with the distribution
of district heating, district cooling, gas, electricity, and city fiber. The study combined
quantitative mapping of material flows with qualitative interviews. Waste statistics from
contractors and waste receiving facilities were used to estimate downstream end use, while
interviews with these actors were conducted to identify factors affecting current management,
monitoring possibilities, and environmental impacts.

The results indicate that a substantial share of the generated excavation masses were managed
through downstream pathways replacing virgin materials rather than being landfilled. The
largest identified end-use category was other recycling, primarily involving use for construction
purposes. The findings further suggest an indicator measuring the proportion of excavation
masses replacing virgin materials downstream may represent a relevant approach for
monitoring circularity of generated excavation masses. However, the study identified
significant challenges related to traceability and access to data, which need to be improved to
enable such monitoring.

The study concludes that monitoring of downstream excavation mass management requires
increased organizational control and traceability. Furthermore, increased circular management
of excavation masses requires improved collaboration and data availability among involved
actors.

Keywords: Excavation masses, Excavated material, Circular Economy, Reuse, Waste
management



SAMMANFATTNING

Schaktmassor utgdr den storsta avfallskategorin inom den svenska byggsektorn. Trots deras
potential att dteranvéndas transporteras stora mingder idag bort frdn projektomrdden for
deponering, samtidigt som jungfruliga material utvinns och anvénds som aterfyllnadsmaterial.
Detta bidrar till utsldpp av viaxthusgaser, framst genom transport av genererade massor samt
genom utvinning och transport av jungfruliga material.

Syftet med detta arbete var att 6ka forstdelsen for nedstroms hantering av schaktmassor som
transporteras bort fran projektomrédden samt att undersoka deras slutanvéndning, inklusive
cirkulira fléden sdsom dteranvdndning och atervinning i jamforelse med deponering. Studien
genomfordes i samarbete med Goteborg Energi, ett kommunalt energibolag i Géteborg. Bolaget
genererar schaktmassor genom markarbeten kopplade till distribution av fjarrviarme, fjérrkyla,
gas, el och stadsfiber. Studien kombinerade kvantitativ kartliggning av materialfloden med
kvalitativa  intervjuer.  Avfallsstatistik  samlades in  frdn  entreprenérer  och
mottagningsanldggningar for att kartldgga floden av schaktmassor och uppskatta nedstroms
slutanvindning. Darutover genomfordes intervjuer med dessa aktorer for att identifiera faktorer
som paverkar den nuvarande hanteringen, mdjligheter till uppf6ljning samt miljopaverkan.

Resultaten tyder pa att en betydande del av de genererade massorna idag ersitter jungfruliga
material och ddrmed undviker deponering. Den storsta identifierade kategorin for
slutanvindning &r annan é&tervinning, vilket huvudsakligen innebdr anvindning for olika
anldggningsdndamal. Vidare foreslds att anvindning av en indikator som maiter andelen
schaktmassor som nedstroms ersétter jungfruliga material kan utgdra en relevant metod for
uppfoljning av cirkularitet av genererade schaktmassor. Studien identifierade dock betydande
utmaningar kopplade till sparbarhet och tillgang till data, vilket idag hindrar den typen av
uppfoljning.

Studien drar slutsatsen att uppfoljning av nedstroms hantering av schaktmassor kraver dkad
organisatorisk kontroll och spéarbarhet. Vidare krdver en mer cirkulér hantering av schaktmassor
okad samverkan samt forbéttrad tillgéng till data mellan involverade aktorer.

Nyckelord: Schaktmassor, Cirkulir Ekonomi, Ateranviindning, Avfallshantering



LIST OF ABBREVIATIONS

Case A Excavation masses reused within the project site
Case B Excavation masses removed from the project site
CDW Construction and demolition waste

Distribution GE | Distribution of district heating, district cooling and gas at Géteborg Energi
ESR Excavated soil and rock

EWC European Waste Catalogue

GENAB Goteborg Energi Nét AB

GHG Greenhouse gas

Gothnet Goteborg Energi Gothnet AB

HW Hazardous waste

KM Sensitive land use

KPI Key performance indicator

MKM Less sensitive land use

MRR Less than negligible risk

PAH16 16 polycyclic aromatic hydrocarbons

TA-plan Traffic management plan
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1 INTRODUCTION

1.1 Background

Global material demand has increased significantly over recent decades, largely driven by the
expansion of infrastructure and the built environment (UNEP, 2024). At the same time, material
flows are predominantly managed in a linear manner, resulting in expanded global waste
streams and associated environmental impacts, including greenhouse gas (GHG) emissions
contributing to climate change. Decoupling these trends by enabling continuous development
without increasing waste generation has therefore been identified as requiring systemic
transformation (UNEP, 2024).

The transition towards a circular economy has become a central objective in addressing these
challenges, emphasizing the importance of reducing resource use, preventing waste generation,
and maintaining value of materials for as long as possible. A key aspect of this transition is
increasing the reuse and recycling of materials, allowing them to remain in productive use for
longer and reducing the need for disposal and virgin material extraction (European
Commission, 2020).

In Sweden, the construction sector is the second largest waste generating industry in terms of
primary waste generation (Swedish Environmental Protection Agency, 2024a). In 2022, the
sector generated over 13 million tons of waste. Excavation masses, generated during
groundwork activities connected to construction and infrastructure projects, constitute
the largest waste category within the construction sector, accounting for nearly 9 million tons.
Of this, around 4 million tons are disposed of in landfills every year (Swedish Environmental
Protection Agency, 2024b).

Landfilling of excavation masses generates GHG emissions mainly through transport, and
production of virgin materials used to replace the disposed masses (Miliute-Plepiene &
Sundqvist, 2023). Increased reuse of excavation masses may therefore contribute to reduced
climate impacts by decreasing both landfill disposal and the extraction of virgin materials.

However, the circular management of excavation masses in Sweden is currently characterized
by several challenges, including difficulties in balancing the generation and demand of masses,
lack of available storage areas and economic conditions that favor disposal (Swedish
Environmental Protection Agency, 2022). Therefore, only a small share of excavation masses
can be reused directly at the site where they are generated. Most masses are instead transported
away from the project sites, where they may undergo different forms of handling and treatment
before reaching their end use, including reuse in other locations, or disposal (Swedish
Environmental Protection Agency, 2022).

The management of excavation masses therefore involves several actors. These include project
owners responsible for the generation of masses, contractors carrying out excavation activities,
regulatory authorities overseeing compliance with environmental legislation, and receiving
facilities managing masses that are removed from the project sites (Miliute-Plepiene &
Sundqvist, 2023; Rosén, 2020).



There are currently high uncertainties regarding data on the excavation mass flows in Sweden.
Therefore it is currently not possible to determine how much material is reused across different
projects (Swedish Environmental Protection Agency, 2022). Without information on how
excavation masses are handled, it remains difficult to evaluate the circularity of the current
management practices. It also limits the ability to identify opportunities for reduced waste
generation. A more detailed understanding of how excavation masses are currently generated,
handled and reused within specific organizational contexts is therefore needed.

Key Performance Indicators (KPIs) can be used as a tool for organizations to monitor and
evaluate environmental performance over time and to identify areas for improvement (Swedish
Institute for Standards, 2021). Within excavation mass management, KPIs may therefore
support monitoring and follow-up of circularity and downstream management pathways for
organizations generating masses from their activities.

Goteborg Energi is an energy company owned by the City of Gothenburg which generates
substantial volumes of excavation masses from its various distribution projects. There is
currently limited knowledge regarding how these masses are managed downstream after they
are removed from the project sites. Improved understanding of downstream management
pathways and opportunities for systematic monitoring is therefore needed to better evaluate the
environmental impacts associated with excavation mass management.

1.2 Aim and Research Questions

The aim of the thesis is to improve the understanding of downstream management of excavation
masses. This is achieved by mapping the flows of excavation masses removed from the project
sites generated by Goteborg Energi and assessing their end-use distribution. The study further
aims to explore opportunities to enable systematic monitoring and follow-up with the use of a
KPI to support long-term circular management of excavation masses.

The thesis seeks to answer the following research questions:

Q1: What is the current end-use distribution of excavation masses removed from Goteborg
Energi’s project sites?
Q2: What Key Performance Indicator can be used for future monitoring and follow-up on

circularity for the downstream management of excavation masses?

Q3: What factors influence the climate performance of downstream management pathways for
excavation masses?



2 CONCEPTUAL BACKGROUND

2.1 Excavation Masses in Construction

Excavation masses are materials generated during groundwork activities, mainly from
construction and infrastructure projects. The masses are often mixtures of different materials,
such as soil, rock and asphalt (Swedish Environmental Protection Agency, 2025). In Sweden,
the actor whose activities generates excavation masses is responsible for ensuring that the
masses are handled correctly. This includes the obligation to assess the quality of the masses.
Excavation masses are always tested for contaminants in connection with the excavation
(Swedish Environmental Protection Agency, 2025). After excavation there are different
possible routes for the generated masses.

The masses can in some cases be reused directly on the construction site where they were
generated, those masses are referred to as Case A excavation masses. The masses that aren’t
reused on the site and are removed from the area are referred to as Case B masses. When
excavation masses get transported from the project area and Case B masses are generated, the
material is legally classified as waste and is therefore obliged to comply with the legal
requirements for waste. This is further explained in Section 2.2. There are various factors that
affect whether masses can be reused directly on site or if they need to be removed. One
significant factor is the quality and composition of the masses.

2.1.1 Guideline Values Used for Excavation Masses

In Sweden, to assess the suitability for reuse of excavation masses, with consideration of risks
to human health and the environment, different guideline values and thresholds are used. These
include the Swedish Environmental Protection Agency’s guideline values for contaminated
land for sensitive land use (KM) and less sensitive land use (MKM). These thresholds are
defined for different scenarios depending on the intended ground use in the area. Although these
thresholds were not originally developed for this purpose, they are widely applied in practice
due to the lack of more suitable guidelines (Swedish Environmental Protection Agency, 2022).
In addition, the thresholds for less than negligible risk (MRR) and the classification thresholds
for hazardous waste (HW) are used. The used values and thresholds represent different
contamination levels.

The following threshold categories are used to assess the suitability of reuse of excavation
masses:

- Less than negligible risk (MRR) is the threshold at which the risk is negligible in the
context of waste recycling. The waste can be used without notification to the authorities,
provided there are no other contaminants that affect the risk and the use does not take
place in an area requiring special consideration (Swedish Environmental Protection
Agency, 2010).

- Sensitive land use (KM) refers to land use where soil quality does not limit the choice
of land use. For this contamination level all groups can reside permanently in the area



and most soil ecosystems as well as ground water and surface water are protected
(Swedish Environmental Protection Agency, 2009).

- Less sensitive land use (MKM) refers to land use where the soil quality restricts the
choice of land use. For this contamination level the exposed groups are assumed to
include adults present in the area during working hours, while elderly and children may
visit the area temporarily. This could for instance be for industrial plots, office
complexes and roads. Ground water at 200 meters distance from the site and surface
water are protected (Swedish Environmental Protection Agency, 2009).

- Hazardous waste (HW) refers to excavation masses classified as hazardous waste.
Although this classification is not a criterion for assessing suitability for reuse, masses
classified as hazardous waste is generally considered unsuitable for reuse in
construction (Swedish Environmental Protection Agency, 2010).

2.2 Regulatory Framework

The management of excavation masses in Sweden is regulated by the national waste legislation.
Waste management is primarily regulated through Chapter 15 of the Environmental Code
(Miljobalken 1998:808) and the Waste Ordinance (Avfallsférordningen 2020:614), which
implements the requirements of the EU Waste Framework Directive into national law.

2.2.1 Definition of Waste

Waste is defined in Chapter 15, Section 1 of the Environmental Code (Miljobalken, 1998:808),
as any substance or object which the holder discards or is required to discard. According to
guidance issued by the Swedish Environmental Protection Agency (2016), excavation masses
that are reused on the site where the excavation took place, within a reasonable period of time,
are not considered waste. These masses are what is considered Case A masses in Swedish
construction practice. However, if it’s uncertain whether the excavation masses will be reused,
or if the usage is not expected to occur within a reasonable timeframe, the masses are defined
as waste. These masses are considered Case B masses in Swedish construction practice. If
masses are defined as waste according to the Environmental Code (Miljobalken, 1998:808), the
Waste Ordinance (Avfallsforordningen, 2020:614) applies. The ordinance regulates the
classification of waste.

2.2.2 Waste Classification

When Excavation masses are classified as waste, they must be categorized according to the
Waste Ordinance (Avfallsforordningen, 2020:614). The Classification system is based on the
European Waste Catalogue (EWC), which assigns specific codes to different types of waste
with the aim of facilitating the management of waste, including hazardous waste (2014/955/EU,
2014).

In the waste ordinance, the waste categories are presented under Section 1, Annex 3. In Annex
3, the waste categories are divided into chapters and subchapters. Excavation masses are
generally classified under Chapter 17, which is the category for construction- and demolition
waste (CDW). Within chapter 17, the subchapter 17 05 refers to soil, stones, and dredging
waste.



Excavation masses can be included in the following categories:

- 17 05 03* includes soil and stone containing hazardous substances, which according to
Chapter 2, Section 3 of the Waste Ordinance (Avfallsforordningen, 2020:614)
considered hazardous waste.

- 17 05 04 includes other soil and stone than those referred to in 170503%*.
(Avfallsforordningen. 2020:614).

The asterix (*) indicates that the waste is classified as hazardous waste according to the Waste
Ordinance. The classification categories affect how the masses must be managed, and which
regulatory requirements apply.

2.2.3 Regulations for Reuse of Waste in Construction

The handling of materials that have been classified as waste may require a notification or permit
in accordance with the Environmental Assessment Ordinance (Miljoprovningsforordningen,
2013:251). This depends on the scale and environmental risk of the activity. The purpose of
these requirements is to ensure that the reuse of waste does not pose risks to human health or
to the environment.

Waste that has undergone a recycling process can be reclassified and end being waste if it meets
the criteria presented in Chapter 15 in the environmental code (Miljobalken, 1998:808). Those
criteria are:

- The substance or object is intended to be used for a specific purpose.

- A market or demand exists for the substance or object.

- The substance or object fulfills applicable legal requirements and standards.

- The use of the substance or object does not lead to overall negative impacts on human
health or the environment.

If these criteria are met, the material is no longer classified as waste and is therefore no longer
subject to waste legislation.

2.3 The Waste Hierarchy

The Waste Framework Directive establishes the legal framework for waste prevention and
management for the European Union (European Parliament & Council of the European Union,
2008). The directive aims to highlight the importance of proper waste management, recovery,
and recycling techniques to reduce pressure on resources and improve their use to protect the
environment and human health (European Union, 2008). A central principle introduced in the
directive is the waste hierarchy, which prioritizes waste management options to improve
resource efficiency. The waste hierarchy is illustrated in Figure 1.

The hierarchy consists of 5 levels: prevention, preparing for re-use, recycling, recovery, and
disposal. Preventing waste is considered the most desirable option, while disposal, such as
landfilling, represents the last option (European Commission, n.d.). The hierarchy should guide
decision making in waste management and prioritize prevention and reuse when it’s possible
and when its environmentally justified.



PREVENTION
PREPARING FOR RE- USE
REDUCE
RECOVER

DISPOSAL

Figure 1: Waste Hierarchy according to the Waste Framework Directive (2008/98/EC).

In the context of excavation masses, the waste hierarchy highlights the importance of reusing
the masses over disposal. However, in some cases deviations from the hierarchy may be
necessary to protect health and the environment. For example, if excavation masses contain
contaminants that could pose a risk of spreading contaminants or other substances that could
harm human or environmental health, landfill may be the appropriate option over reuse
(Swedish Environmental Protection Agency, 2023).

2.4 Management of Excavation Masses

2.4.1 Different Categories of Reuse and Recycling

Guidelines from the Swedish Environmental Protection Agency have been used to define
different management options of reuse and recycling of masses that has been classified as waste
(Swedish Environmental Protection Agency, 2023). The guidelines divide the management
options into three categories: preparation of waste for reuse, material recycling, and other
recycling, in addition to landfilling. Together those categories correspond to the levels of the
waste hierarchy that are appliable once waste has been generated, meaning all levels except for
prevention of waste.

- Preparation of waste for reuse refers to activities where waste materials are prepared
so they can be used without further processing. For excavation masses, this may include
control of the quality and contamination level. If the material meets the required quality
standards, it can be reused directly. An example is sampling and quality control of
crushed aggregates (Swedish Environmental Protection Agency, 2023).

- Material recycling of waste is defined as the reprocessing of waste into new substances
or objects. However, this definition excludes situations where the material is used as
fuel or as filling material. An example of material recycling is reprocessing of asphalt
to produce asphalt granulate (Swedish Environmental Protection Agency, 2023).

- Other recycling refers to recycling that does not fulfil the criteria for material recycling.
This category includes the recycling of waste for construction purposes. Soil masses
that have been classified as waste and are intended to be used as filling material are
included in this category. To be defined as other recycling, there must be a specific



purpose for the recycling activity. Once the recycling takes place, the material is no
longer classified as waste (Swedish Environmental Protection Agency, 2023).

The guidance also clarifies the definition of construction purposes. Examples listed are roads,
railways, parking lots, noise barriers, and groundwork for buildings. Filling of areas where the
ground is hollow or uneven, and where the ground would otherwise be unusable, can also be
defined as construction purposes. However, it is essential that there is a clear purpose for the
use of the material. It must be possible to justify that the waste replaces another material and
that the action would have been carried out even without the waste. If this cannot be justified,
the use of the masses may instead be classified as landfilling (Swedish Environmental
Protection Agency, 2023).

2.4.2 Disposal and Landfilling

Landfilling and disposal of excavation masses are currently common ways of managing the
large volumes of excavation masses generated in construction and infrastructure projects
(Swedish Environmental Protection Agency, 2022). Some actors generating excavation masses
finds it easier and more cost efficient to transport the masses to a receiving unit compared to
going through the permit process for recycling the masses that are required for recycling and
reuse under the Environmental code.

In addition to disposal, other practices such as landfilling capping and the use of waste for
purposes are also common. However, these practices do not fall under the category landfilling
but rather as other recycling of masses, included in the category “other recycling” in Section
2.4.1 (Swedish Environment Protection Agency, 2023).

2.5 Factors Affecting Current Management of Excavation Masses

Previous research highlights that the feasibility of reusing excavation masses is not only
determined by their environmental or technical properties but also depends on broader system
conditions. Several factors contribute to continued reliance on disposal and landfilling. This
section summarizes previous literature on factors influencing current management, with a focus
on conditions that limit the feasibility of reuse and contribute to continued reliance on disposal.

2.5.1 Quality of Excavation Masses

Excavation masses may contain naturally occurring substances or substances originating from
contamination. The suitability of these masses for reuse after excavation depends on both the
presence and concentration of such substances. It also depends on the physical conditions at the
site where the masses are intended to be used, as well as on the purpose of the intended use
(Swedish Environmental Protection Agency, 2023). There is a general uncertainty regarding if
generated masses are suitable for specific projects, particularly in relation to possible effects on
the environment and human health (Swedish Environmental Protection Agency, 2022).

2.5.2 Involvement of Multiple Actors

The management of excavation masses involves several actors across the value chain. These
can include project owners responsible for the generation of masses, contractors carrying out



excavation activities, regulatory authorities overseeing compliance with environmental
legislation, and receiving facilities managing masses that are removed from the project sites
(Miliute-Plepiene & Sundqvist, 2023; Rosén, 2020).

2.5.3 Logistical Considerations

There is a general challenge in Sweden to match the generation of masses with the demand of
masses, which limits the practical possibilities for reuse. The generation of excavation masses
often exceeds what society in a short and local perspective can use. Consequently, disposal and
landfilling are often perceived as a simpler and more economically feasible option compared to
more circular options, which can motivate disposal over reuse (Swedish Environmental
Protection Agency, 2022).

2.5.4 Coordination of Masses

Another factor contributing to the disposal of masses is the current lack of coordination in the
management of generated masses. As a result, challenges arise regarding identifying suitable
projects that can use the masses or arranging storage sites when direct reuse is not possible.
This can partly be explained by the absence of tools and systems to control the mass flow
(Swedish Environmental Protection Agency, 2022).

2.5.5 Legislation and Regulations

The regulatory framework is often perceived as complex, which can create further challenges
for both project owners generating the masses and the authorities when attempting to reuse
excavation masses. This may lead actors to favor disposal (Swedish Environmental Protection
Agency, 2022).

2.6 Environmental Impacts of Excavation Mass Management

The management of excavation masses is associated with several environmental impacts, which
arise from different stages of the management chain. To reduce these impacts by increased
circularity, it is important to understand how current management practices and more circular
approaches influence environmental impact. The information presented in the following
sections (2.6.1-2.6.4) is based on findings from a study conducted by the Swedish
Environmental Research Institute, which evaluated the environmental impacts of a more
circular management of excavation masses compared to landfilling and the use of virgin
materials (Miliute-Plepiene & Sundqvist, 2023).

2.6.1 Excavation Masses as Substitution of Virgin Materials

One of the main environmental benefits of circular management of excavation masses is the
potential to replace virgin materials in construction and infrastructure projects. This can reduce
the environmental impacts associated with the virgin material production and disposal of the
excavated masses. The environmental benefits of recycling masses therefore depend on whether
the recycled masses replace a material that otherwise would have been used. If the masses are
used without reducing the need for virgin material production, the environmental benefits are
limited.



The recycling of non-contaminated masses has shown to have high replacement potential for
virgin materials. It has been estimated that the recycling of one ton of non-contaminated
excavation masses can replace between 0.25 to 1 ton of virgin material, while also reducing the
need for landfilling the corresponding amount. This replacement potential depends on the
characteristics of the excavation masses and the level of processing needed. The highest
replacement potential is achieved when the masses primary consists of moraine. Lower
substitution rates are associated with mixtures of masses that require more processing.

2.6.2 Processing and Treatment of Excavation Masses

The report further highlights that recycling of masses that require more processing results in
lower climate benefits compared to simpler reuse options. Additional processing requires
energy and resources, comparable to those generated during processing in production of virgin
material. However, a net climate benefit is still achieved as the use of recycled materials avoids
emissions associated with the extraction of virgin materials. Since excavation masses are
already generated as part of construction activities, their emissions associated with the
extraction occur regardless of whether the masses are reused or disposed of.

2.6.3 Transport of Excavation Masses

Emissions generated from transport of filling material constitute an environmental impact, both
from the transport of reused or recycled material and virgin material. The climate benefits of
using recycled excavation masses are highly dependent on the difference between transport
required for recycled masses compared to virgin materials. This is particularly affected by the
transport distances and volumes transported.

Long transport distances can reduce or sometimes outweigh the climate benefits of recycling.
Important factors include the volumes of masses being transported and the proportion of one-
way routes compared to material being transported in both ways. The report highlights that
there is a higher opportunity for two-way transport when using recycled materials compared to
when transporting virgin material, since the transport of virgin materials often involves one-
way trips. This can contribute to lower overall emissions when recycled materials are used.

2.6.4 Other Environmental Impacts

In addition to climate impact, the management of excavation masses is associated with other
environmental impacts. The use of land for disposal is an important factor, as large amounts of
excavation masses are currently sent to landfills. The disposal of excavation masses contributes
to environmental impacts related to landfilling such as landscape damage, ecosystem
disturbance, and biodiversity loss.

Also, the extraction of virgin material is associated with several environmental impacts. Except
for the emissions related to energy use and emissions from extraction, the use of virgin materials
also involved the depletion of finite natural resources. Extraction can lead to land use change
as well as local disturbances such as noise and vibration. The removal of natural gravel can also
have negative effects on ground water and surface water systems, as it plays an important role
storing water in nature.



2.7 Measurement and Monitoring of Environmental Performance

2.7.1 Key Performance Indicators

Measuring and monitoring are important for understanding and evaluating environmental
performance. According to the environmental performance evaluation standard ISO
14031:2021, monitoring refers to determining the status of a system, process, or activity
(Swedish Institute for Standards, 2021) while measurement is defined as the process of
determining a value. These processes enable organizations to systematically collect and assess
data related to their operations. To make this data meaningful, indicators are used. Indicators
are defined as quantitative, qualitative, or binary variables that represent the status of
operations, management, conditions, or impacts (Swedish Institute for Standards, 2021).

A Key performance indicator (KPI) is an indicator that is considered significant for evaluating
organizational performance. Within environmental performance evaluation, KPIs are used to
compare an organization’s environmental performance over time in relation to its objectives
and targets. This makes them a valuable tool for tracking progress and identifying areas for
improvement. Furthermore, KPIs help transform complex environmental data into more
understandable and useful information, facilitating both internal management and external
communication.

A recent literature review on circular management of excavated soil and rock (ESR) identified
several indicators to assess material flows and circularity in ESR management. These included
indicators such as total excavated volume, material demand, net material balance, reuse rate,
recycling rate, backfilling rate, and landfilling rate (Lucija Prsa Gazilj, 2026). However, it was
also highlighted that the use of indicators for monitoring circularity in excavation mass
management is still limited and not yet systematically applied (Lucija Prsa Gazilj, 2026).
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3 MATERIAL AND METHODS

3.1 Goteborg Energi as the Study Organization

Goteborg Energi is a company owned by the City of Gothenburg that provides services such as
electricity, district heating, city fiber, power grid, gas, district cooling, and solar energy. During
2025 the activities of Goteborg Energi generated a total of 134 480 tons of waste, of which
128 049 is excavation masses. The main waste category of the organization is therefore
excavation masses (Goteborg Energi, 2026).

Goteborg Energi conducts production and distribution of district heating, as well as production
of electricity, district cooling, biogas, and gas trading. Goteborg Energi operates through
several subsidiaries with specific roles. Géteborg Energi Din El AB conducts electricity retail
in the Gothenburg region. Goteborg Energi Nidt AB (GENAB) operates the electricity
distribution network, supplying households, offices, and industries. Goteborg Energi Gasnit
AB manages the gas distribution network for natural gas and biogas. Géteborg Energi Gothnet
AB (Gothnet) owns, builds, and operates the city fiber network (Goteborg Energi, 2026).

The generation of excavation masses is primarily related to distribution of district heating,
district cooling, gas, electricity, and city fiber. This involves installation, maintenance, and
replacement of underground cables and pipelines, which require excavation. Excavation masses
are also generated from infrastructure projects at production facilities.

Therefore, three parts of the organization are of relevance for this study: Gothnet, GENAB, and
the operations related to the production and distribution of district heating, district cooling, and
gas. For the scope of this study, the masses generated from the production of district heating,
district cooling and gas will not be included as they constitute a relatively small part of the total
waste produced. The operations related to the distribution of district heating, district cooling
and gas will hereafter be referred to as “distribution GE”.

There are several actors involved in the management of excavation masses. Excavation masses
get generated from the projects of distribution GE, Gothnet and GENAB. Excavation and
transport of excavation masses are carried out by contractors. Case B masses that get generated
are transported by the contractors to different waste receiving facilities.

3.2 Methodological Approach

This study applies a mixed-methods approach, combining quantitative and qualitative data. This
approach is particularly useful when one type of data helps to explain or complement the other,
and when different types of research questions are addressed (Creswell & Creswell, 2018).

To address the research questions presented in Section 1.2, this study applies a combination of
methods, including a background study, interviews, mapping of the excavation mass flow,
calculations of end-use distribution, and an assessment of the current system for monitoring the
generated excavation masses at Goteborg Energi. The methods and their contributions to the
research questions are illustrated in Figure 2.

11



The combination of quantitative and qualitative data enables an assessment of the management
of excavation masses from a system perspective, covering all stages of the material flow from
generation to final handling and follow-up. The quantitative data enables estimation of material
flows and end-use distribution, while the interviews provide insight into practical handling
processes, data management, and perceived barriers and opportunities for increased circularity.

Conceptual background

Data Collection

.. Data on end use . . . . Routine for
Waste statistics " Interviews with Interviews with .
from receiving .. ) internal waste
from contractors contractors recieving units

facilities statistics

Analysis

. Thematic Thematic Evaluation of

Mass flow Calculations of X X .
. analysis of analysis of internal waste
mapping end-use shares = - - X
Interviews Interviews statistics routine

Results

Figure 2: Overview of the included methods and how they contribute to answering the
research questions.

3.2.1 Conceptual Background Study

Initially, a conceptual background study was done, presented in Chapter 2. The purpose of the
background study was to compile relevant information on the current excavation mass
management. This served as a framework for the subsequent parts of the methodology.

Given the local characteristics of excavation mass management, the focus was on information
relevant to Swedish conditions. Information was identified through targeted searches of
publicly available sources, including reports from authorities, European and national
legislation, and other publications related to excavation mass management in Sweden.

3.2.2 Mass Flow Mapping

To quantify the downstream management of excavation masses, material flows were mapped
and visualized using a Sankey diagram. Waste statistics from 2025 were used to quantify the
generation of excavation masses and map downstream material flows. Initially, waste statistics
compiled for Goteborg Energi’s sustainability reporting were collected. Internal documentation
related to the sustainability report, together with communication with personnel responsible for
compiling the waste statistics, was used to identify contractors involved in excavation activities.
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To map the downstream flows of excavation masses, data regarding the quantities of masses
transported to different receiving facilities were collected from contractors managing masses.
All contractors carrying out groundwork activities for Goteborg Energi during 2025 were
included in the study.

For some contractors, complete data regarding the amount of masses being transported to each
receiving facility was not available for the whole period. In these cases, estimations were made
based on partial datasets obtained. The estimations and underlying assumptions are presented
in Section 4.2.3.

3.2.3 Estimation of End-use Distribution

Data on the management pathways of excavation masses at waste receiving facilities was
collected through direct contact with selected facilities receiving excavation masses from
Goteborg Energi during 2025. The information was used to estimate the end-use distribution of
excavation masses transported to the facilities.

In this study, end-use distribution refers to the estimated distribution of downstream
management pathways, including material recycling, other recycling, and landfilling. The
estimations were based on information provided by receiving facilities regarding the
distribution of received masses between different management pathways.

3.2.4 Assessment of the Current System for Compiling Data for Waste Statistics

To enable development of KPIs for monitoring the circularity of generated excavation masses,
access to reliable data on mass generation and handling is required. Géteborg Energi currently
compiles statistics on generated excavation masses as part of its annual sustainability reporting.

This part of the study was done parallel to the other methods. The current system for compiling
waste statistics was evaluated to identify gaps and potential improvements needed to support
systematic follow-up and KPI development of reuse of Case B excavation masses. This part of
the study was based on internal documentation, waste reporting templates, and information
obtained through communication with personnel responsible for compiling waste statistics at
Goteborg Energi.

Two meetings were also arranged with Kretslopp och Vatten, responsible for waste
management and water distribution within the City of Gothenburg. Their operations also
generate large quantities of excavation masses. The purpose of those meetings was to get
insights into their process and experience of excavation masses and waste statistics.

3.2.5 Interviews

The study includes interviews with two groups of actors involved in the management of
excavation masses generated by Goteborg Energi: contractors responsible for excavation and
transportation and waste receiving facilities to which masses are delivered.

The interviews were designed as semi-structured to ensure comparability across respondents
while allowing flexibility to explore context specific practices and challenges. The interviews
were organized around a set of questions, with other questions opening during the interview
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(DiCicco-Bloom & Crabtree, 2006). While the primary purpose of the interviews was to obtain
qualitative insights, some questions were designed to capture quantitative information.

The interview guides used in the interviews with contractors and receiving facilities are
presented in APPENDIX 2: Interview Guide for Contractors and APPENDIX 3: Interview
Guide for Receiving Facilities respectively. All contractors were asked the same questions, and
all waste receiving facilities were asked the same questions. Some questions assessing the
problem on a system level were asked to both contractors and receiving facilities.

Prior to the interviews, an initial call or meeting was conducted with the actors to gain an
understanding of the process. The selection of respondents was based on their involvement in
excavation mass management within Goteborg Energi’s projects. The interviews were
conducted in Swedish and audio recorded with consent from the respondents. The recordings
were transcribed using Microsoft Word transcription. The transcripts were reviewed and
corrected by listening to the recordings to ensure accuracy. The interview data were analyzed
using thematic analysis, where recurring themes and patterns across respondents were
identified. The analysis focused on identifying key factors influencing the management of
excavation masses. Quotes presented in results were translated from Swedish to English, and
where when necessary formatted to improve readability, for instance by removing filler words.

In total, 6 interviews were conducted. All interviews were carried out with one respondent per
organization, except for one receiving facility where two representatives participated in the
same interview. The respondents had between 5 and 26 years of experience in excavation mass
management. The respondents are summarized in Table 1.

Table 1: List of interview respondents. Respondents labelled "C" represents contractors and
respondents labeled "R" represents waste receiving facilities.

Respondent Actor represented
Cl1 Contractor E
C2 Contractor D
C3 Contractor B
C4 Contractor A
Rla Receiving facility 1
R1b Receiving facility 1
R2 Receiving facility 2

3.3 Delimitations

In this study the term excavation masses refer to materials such as rock, soil, clay, and asphalt
generated during groundwork activities. In the quantitative analysis, the focus was on soil
masses and asphalt masses being transported to receiving facilities. The included masses
originate from groundwork related to the distribution of electricity, city fiber, district cooling,
district heating, and gas within Goteborg Energi’s operations during 2025. Both non-
contaminated and contaminated masses are included, unless otherwise specified.
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The study focuses on Case B excavation masses, the masses that are transported away from the
project site and enter the downstream waste management system. Case A masses are therefore
not included in the quantitative analysis, including the mapping for flows and estimations of
end-use distribution.

However, information regarding on-site reuse of masses (Case A masses) are included in the
qualitative analysis, where relevant for understanding the factors influencing the generation of
Case B masses.

The study is limited to excavation masses that are classified and reported as waste and
transported to waste receiving facilities. The mapping of mass flows, estimations of end-use
distribution, and the subsequent discussion are based on the assumption that excavation masses
are managed in accordance with applicable waste legislation.
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4 RESULTS

4.1 System for Monitoring Generated Excavation Masses

4.1.1 Current System used for Monitoring Case B Excavation Masses

Goteborg Energi currently compiles statistics on generated waste for evaluation of
environmental impact, their annual sustainability report and reporting of hazardous waste. The
different departments within Goteborg Energi collects information on the quantities of waste
generated every year. These statistics include all types of waste generated by the organization,
not only excavation masses. To ensure consistency, all waste fractions are reported using a
common template in which the data should be registered. However, the methods used to
compile the information vary between departments.

Regarding excavation masses, the reported figures represent the quantities of masses that are
transported to and paid for disposal at receiving facilities. The excavation masses are
categorized according to contamination thresholds. The categories used currently for
excavation masses are the following:

For soil masses:

- Below KM

- Between KM and MKM

- Between MKM and FA

- Above FA

- Masses with invasive species

For asphalt masses, contamination levels are categorized based on the concentration of the sum
of 16 polycyclic aromatic hydrocarbons (PAH16):

- Below 70 mg/kg, X PAH16
- Between 70 mg/kg and 300 mg/kg, ¥ PAH16
- Above 300 mg/kg, X PAH16

An aspect that differs between the departments is how information on these quantities is
collected. Goteborg Energi has direct agreements with several receiving facilities. In some
cases, contractors transport excavation masses through these agreements, allowing Goteborg
Energi to obtain waste quantities directly from the receiving facilities. In other cases,
contractors responsible for the excavation work have their own agreements with receiving
facilities. Then, waste statistics must be obtained through the contractors. Within each
department, there is personnel responsible for compiling the annual waste statistics by
collecting data from both contractors and receiving facilities.
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4.1.2 Identified Gaps with Current Monitoring System

The collected statistics describe the total quantities of excavation masses transported to
receiving facilities. The data does not differentiate how much material is transported to each
receiving facility, respectively. Without information regarding the quantities transported to
each receiving facility, it is not possible to monitor how much of the generated excavation
masses that are distributed to different types of end use.

Another identified gap is the variation in the organization regarding methods for collecting and
registering waste data. Since several actors are involved in both excavation mass management
and data collection, the current system involves risks of inconsistencies and uncertainties in the
waste statistics.

4.1.3 Potential Improvements for Current Monitoring System

As described in Section 4.1.1, waste data on excavation masses are currently collected either
directly from receiving facilities, or through contractors compiling the data for the waste
receiving facilities. To increase traceability, increased organizational control over generated
excavation masses may be necessary.

Recommended improvements for increased control are presented in the following points:

- Increase use of own agreements with waste receiving facilities: Increasing the use of
Goteborg Energi’s own agreements with receiving facilities would enable waste
statistics to be collected directly from receiving facilities. This would reduce the
dependence on contractors for waste data collection and increase Goteborg Energi’s
control over downstream management pathways, as Goteborg Energi would also control
the selection of receiving facilities.

- Transport control on operational level: One potential solution for improving the
control and traceability of excavation mass flows is to introduce transport control at an
operational level. This approach is inspired by practices at Kretslopp och Vatten, City
of Gothenburg. A centralized system, where Goteborg Energi manages transportation
through contracted vehicles and a digital coordination system, could have the potential
of improving data collection. In such system, transport controllers at Géteborg Energi
would allocate trucks to project sites, and all transportation would be directed to
receiving facilities under existing agreements rather than through the contractors own
agreements. This would enable systematic collection of data on the quantities of
excavation masses delivered to each facility, based on the volumes of masses
transported. Also, it would increase the control of receiving facilities and decrease the
number of actors involved in compiling the waste statistics and thereby improve data
availability for Goteborg Energi. This could facilitate future monitoring and follow-up
on KPIs related to circularity of excavation masses. In addition to improving data
quality, this approach could facilitate other environmental considerations for the
organization. For example, reduced GHG emissions from optimized transport routes by
reducing one-way transport. Additionally, procurement of contractors for the transport
could facilitate the implementation of other factors that would improve Goteborg
Energi’s environmental performance, for instance the type of fuel used.
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4.2 Mapping of the Flow of Generated Excavation Masses

4.2.1 Actors Involved in the Management of Excavation Masses

Goteborg Energi currently has agreements with five contractors that carry out groundwork for
their distribution projects. Table 2 provides an overview of which contractors are working for
each department within Goéteborg Energi.

Table 2: Overview of contractors handling excavation masses at the different departments of
Goteborg Energi during 2025. An added Asterisk (*) indicates that all generated masses
transported to receiving facilities were done through Goteborg Energi’s own agreements.

Department Contractor
Distribution GE | A
B
C
GENAB B
D
E
Gothnet B*
D*

Figure 3 visualizes the amounts of excavation masses generated by the different departments
of Goteborg Energi. In total, 122,314 tons of soil and asphalt masses were generated over the
different departments of Goteborg Energi. Figure 3a illustrates the distribution of excavation
masses between contractors, while Figure 3b shows the distribution between soil and asphalt
masses. The data is based on invoices from downstream receiving facilities. The figure shows
that 9,387 tons (8%) of the total generated masses were transported to receiving facilities
through Goteborg Energi’s own agreements.
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Figure 3: Overview of quantities generated masses (tons) from the different departments at
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Goteborg Energi. Figure 3a shows the amount of masses being transported to receiving
facilities through contractors agreement. The quantity of masses being transported to receiving
facilities through Goteborg Energi’s own agreement is labeled “Direct”. Figure 3b shows the
division of the different materials, soil and asphalt for each department of Goteborg Energi.

The contractors are responsible for transporting generated excavation masses to waste receiving
facilities. Based on data compiled from the contractors for 2025, a total of 10 receiving facilities
were used.

4.2.2 Data Limitations for Mass Flow Mapping

To enable mapping of excavation mass flows from contractors to waste receiving facilities, data
regarding the quantities transported to each facility was required. This information was
collected from the contractors executing the groundwork.

The collection of waste statistics through the contractors proved challenging. For several
contractors, the requested information was difficult to compile, and for one contractor complete
statistics could not be obtained. As a result, further estimations were required to enable mapping
of the excavation mass flows.

4.2.3 Estimation of the Mass Flow from Contractors to Waste Receiving Facilities

To enable mapping of excavation mass flows from contractors to waste receiving facilities,
estimations were required due to incomplete data. For Contractors A, C, D, and E, complete
statistics regarding the quantities transported from each department to specific receiving
facilities were obtained. For Contractor B, complete statistics were not provided.

The estimation of mass flows for Contractor B was based on two datasets compiled from the
contractor. Table 3 presents the annual distribution of masses generated for GENAB during
2025 for Receiver 1 and “Others”. Others include the total quantity transported to receiving
facilities other than Receiver 1. Table 4 presents the distribution of masses handled by
Contractor B for all departments during March 2026.
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Table 3: Distribution for masses generated by GENAB 2025 in tons. The category “others”
include several waste receiving facilities.

Receiving facility | Material | Fraction Quantity (tons)
Receiver 1 Soil >KM 11,351
Receiver 1 Asphalt Unclassified 950

Others Soil <KM 13,000

Others Asphalt <70 mg/kg, Z PAH16 1,864

Others Asphalt > 70 mg/kg, £ PAH16 1,698

Table 4: Distribution for masses generated by all departments at Géteborg Energi Mars 2026
in tons. The category “others” include several waste receiving facilities.

Receiving facility | Material | Fraction Quantity (tons)
Receiver 1 Soil >KM 2,256

Receiver 1 Asphalt > 70 mg/kg, £ PAH16 248

Others Asphalt <70 mg/kg, Z PAH16 320

Others Soil >KM 711

For GENAB, the data from Table 3 was used directly, since it represented the full dataset for
2025. For Distribution GE, the datasets from Table 3 and Table 4 were used to calculate

estimated proportions for the distribution of masses between Receiver 1 and the category
“Others”.

The datasets showed that soil masses below KM and asphalt masses below 70 mg/kg, £ PAH16
were not transported to Receiver 1. These fractions were therefore assumed to be distributed to
“Others”. For soil masses above KM and asphalt masses above 70 mg/kg, X PAHI16,
proportional distributions were calculated as followed:

Soil > KM: 2256 / (2256 + 711) =0.76 (76%)
Asphalt > 70 mg/kg, £ PAH16:950 / (950 + 1698) = 0.36 (36%)

These was applied to the total amount of masses managed by Contractor B for Distribution
GE from the annual waste statistics. The estimated distribution is presented in Table 5.

Table 5: Estimated distribution of masses generated by Distribution GE by Contractor B to
Receiver 1 and Others from 2025 in tons. The columns marked in grey are estimated values,
where the calculated proportions have been applied.

Material | Fraction Total quantity (tons) | Receiver 1 (tons) | Others (tons)
Soil <KM 10,854 - 10,854

Soil >KM 9,275 7,049 2,226
Asphalt <70 mg/kg, Z PAH16 1,632 - 1,632
Asphalt > 70 mg/kg, £ PAH16 6 2 4
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4.2.4 Results of the Mass Flow Mapping

Figure 4 illustrates the material flow of excavation masses generated by Goteborg Energi during
2025. The figure shows how excavation masses were generated within different departments,
which contractors handled the masses, and to which receiving facilities the excavation masses
were transported to. The figure presents actual values for the masses handled by contractor A,
C, D, and E. For contractor B, the values are estimated as described in Section 4.2.3. Including
the estimated values, 74% of the generated masses (91 063 tons) could be traced to specific
waste receiving facilities. For the remaining 26% (31,278 tons), the receiving facilities were
identified, but the exact distribution between facilities could not be determined.

The category “Others” includes eight receiving facilities. For Contractor B, the masses
allocated to this category (31,278 tons) were transported to four receiving facilities but could
not be fully distributed between the facilities due to limitations in available data. For Contractor
A, the masses included in “Others” (8,928 tons) were transported to three receiving facilities,
one of which is shared with Contractor B. Although the quantities could be traced to individual
facilities, they were aggregated in the figure due to relatively small quantities. For Contractor
C, the category “Others” included one receiving facility that was also excluded from separate
representation due to handling small quantities.

|
A
- 30,460
Distribution GE - Rl
52,723 38,927
B
50,630
E Others (R2,R4.R5R6 R7.R8 RO R10)
2,011 40214
GENAB c
63,926 8
Direct
9,387
o
D R3
Gothnet 29,845 22,200
5692 W O

Figure 4: Overview of quantities generated masses (tons) from the different departments at
Goteborg Energi being transported to receiving facilities through contractors agreement.
Letters represent contractors and RI-R10 represent different receiving facilities. The quantity
of masses being transported to receiving facilities through Goteborg Energi’s own agreement
is labeled “Direct”.

4.2.5 Estimation of End-use Distribution at Receiving Facilities

Data on the end-use pathways was obtained from two of the facilities managing masses
generated by Goteborg Energi. In this study, these facilities are referred to as Receiver 1 and
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Receiver 2. However, as described in Section 4.2.3, the quantities transported to Receiver 2
through Contractor B could not be identified and were therefore included within the category
“Others” in Figure 4. Therefore, Receiver 2 was excluded from further end-use estimations.

Receiver 1 is a facility that collects masses, sorts them and outsources the masses to different
end-use pathways. The obtained data from Receiver 1 consists of the total quantities of asphalt
and soil masses leaving the facility during 2025. However, the dataset did not include the total
incoming quantity of masses. This is due to the facility’s handling process, where stones are
separated from soil masses, processed and transformed into a commercial product. These
products are no longer classified as waste. The quantities of stone being extracted from the soil
was not included in the waste statistics provided by the facility.

The calculated end-use shares presented in Table 6 and Table 7 are therefore based on the
remaining waste flows and excludes material transformed to products. The total quantity of
asphalt leaving the receiving facility over 2025 was 39,118 tons and the total quantity of soil
leaving the facility over 2025 was 347,850 tons. The end-use shares were calculated by dividing
the quantities within each end-use category by the total outgoing quantity for each material
category and multiplying it with 100.

Table 6: Calculations of end-use shares for asphalt at Receiver 1 in tons.

End-use category for Asphalt | Quantity (tons) End-use share

Material Recycling 2,070 5%
Other recycling 30,882 79%
Landfill 6,167 16%

Table 7: Calculation of end-use shares for soil masses at Receiver I in tons.

End-use category for soil Quantity (tons) End-use share
Landfill for HW 1,654 0.5%
Masses <HW to landfill 45,530 13%
Other Recycling 300,666 86%

The results indicate that a large share of both asphalt and soil masses were directed towards
pathways where they substitute virgin production, rather than landfills. However, since
processed stone materials transformed into commercial products were excluded from the
dataset, the actual share of masses replacing virgin materials at Receiver 1 is likely higher than
indicated by the presented end-use shares.

4.2.6 Estimation of End-use Distribution of Masses from Gbéteborg Energi

The estimated end-use shares presented in Section 4.2.5 were applied to the quantified mass
flows from Gé&teborg Energi for the masses being transported to Receiver 1. Table 8
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presents the estimated end-use distribution for excavation masses generated during 2025. Based
on the available data, approximately 49% of the total excavation masses generated by Goteborg
Energi during 2025 could be traced to end use.

Table 8: End-use distribution of total quantity of masses managed by Receiver I in tons.

Material | Total volume | Material Recycling | Other Recycling | Landfill

Soil 46,729 - 40,391 6,338

Asphalt 13,197 698 10,418 2,080

4.3 Management Pathways at Waste Receiving Facilities

This section presents different handling pathways available for excavation masses at waste
receiving facilities. The results are based on information obtained from two facilities receiving
excavation masses generated by Goteborg Energi, referred to in this study as Receiver 1 and
Receiver 2. The section describes how different types of masses are processed and managed
through reuse, recycling, or disposal.

Although the mass flow mapping presented in Section 4.2.4 could not trace exact quantities
transported to Receiver 2, the facility was still included in this section since it manages
excavation masses generated by Goteborg Energi. The section provides an overview of possible
downstream management pathways, in relation to the categories of excavation mass
management presented in Section 2.4. The management pathways are presented according to
the waste hierarchy described in Section 2.3. However, the actual handling of excavation
masses depends on site-specific and operational conditions, which may influence the selected
management pathway. As a result, materials that are technically suitable for higher levels of the
waste hierarchy may in practice be managed through lower-priority pathways.

4.3.1 Material Recycling

Asphalt with contamination levels below 70 mg/kg £ PAH16 can be recycled into new asphalt.
Both receiving facilities collect these fractions and transport them to external actors using the
material in production of new asphalt. Before recycling, the asphalt often requires crushing and
separation from other materials.

Both receiving facilities separate stones from soil masses, sort them according to size and in
some cases further process them through crushing, resulting in aggregates that can be used in
construction. At Receiver 2, the aggregates are also washed as part of the treatment process.
The processed stone material is sold as construction material and depending on fulfilled quality
requirements this material may be considered to meet the criteria for end-of-waste described in
Section 2.2.3.

4.3.2 Other Recycling

Masses with contamination below the thresholds for HW, including asphalt with contamination
levels below 300 mg/kg ¥ PAH16 and soil masses with contamination levels below HW, can
be used for construction purposes. This includes applications such as road construction, hard
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surfaces, and construction activities within landfill facilities. Within landfill facilities,
excavation masses are used for applications such as construction of internal roads and final
coverage of landfill cells. However, the specific reuse purpose differs depending on specific
material properties.

For construction purposes in landfill cells, the physical structure of the masses was described
as an important factor affecting suitability for reuse. For construction purposes outside landfill
cells, masses with contamination levels up to MKM can often be used, provided that the
material fulfills relevant leaching requirements.

4.3.3 Disposal

At both facilities, soil and asphalt masses may also be disposed of through landfilling. Different
landfill types are used depending on contamination levels. Inert landfills are used for soil
masses below KM and asphalt below 70 mg/kg X PAH16. Landfills for non-hazardous waste
are used for soil masses between KM and HW and asphalt between 70 and 300 mg/kg X PAH16.
Hazardous waste landfills are used for soil masses above HW and asphalt above 300 mg/kg X
PAHI6.

4.3.4 Differences between Included Waste Receiving Facilities

The two receiving facilities included in the study differ in their operational focus and treatment
processes, which influence the downstream management of excavation masses.

Receiver 2 handles both contaminated and non-contaminated masses and operates its own
landfills. In addition, the facility carries out sorting, treatment, and reuse of excavation masses.
The processing of stone aggregates is primarily applied to contaminated soil masses,
particularly masses above KM. At this facility, the treatment process also includes washing of
extracted stone aggregates.

In contrast, Receiver 1 mainly performs sorting and directs the masses to different downstream
end-use pathways. Washing is not included in the treatment process for stone aggregates at this
facility. However, both facilities separate and process stones from soil masses and sell the
resulting aggregates as construction materials.

4.4 Results from Interviews with Contractors

This section presents the results from interviews with contractors responsible for excavation
and transport of masses. The findings are categorized according to the main themes identified
in the analysis.

It should be noted that when contractors refer to reuse, they primarily refer to direct on-site
reuse within projects (Case A masses). The focus of this study, however, is on the reuse of
excavation masses that are transported away from project sites (Case B masses). While these
perspectives differ, the extent of on-site reuse directly influences the volume of generated Case
B masses.
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4.4.1 Logistical and Economic Factors affecting Direct Reuse

Logistical and economic factors were found to be closely interconnected in the management of
excavation masses. Mainly since logistical conditions such as transport distances and
availability of space to manage the masses directly influence costs and thereby decision making
of the handling of excavation masses.

All respondents highlighted the lack of available space in urban environments as a major
limitation to store masses temporarily for projects. This was described as particularly
challenging for masses of sufficient technical and environmental quality to be reused directly.

“There’s no space for Case A, so to speak, everything becomes Case B.” (C4)

“When we are in urban areas, there is no space on sidewalks or roads, so we
have to load the masses onto trucks and transport them away.” (C1)

Several respondents further described that temporary storage in secondary locations could
increase opportunities for reuse. However, high rental costs for storage areas were identified as
a major limitation. According to the respondents, the costs for renting temporary storage areas,
together with additional costs related to sorting and handling of the masses, may exceed the
costs of purchasing virgin materials instead.

“But it is also an economic issue, so you have to make an assessment of it, because
renting a space from the city costs a lot of money for temporary storage of masses,
and at the same time new materials cost about half of what it costs to rent that
space. Then the economics simply does not add up. That is the kind of evaluation
you must make before the projects starts.” (Cl)

“The main issue is to find a space at all, and then you also have to consider the
transport to and from that site, as well as the time required for sorting and
everything else, so it is never possible to make it economically viable.” (C3)

For excavation work connected to electricity distribution projects, the generated masses were
also described as difficult to reuse directly without further processing. Additional sorting and
handling were described as requiring more space, time, and resources, which further reduces
the economic feasibility of direct reuse.

“Firstly, there is no space for it on site in the project. It actually takes even more
space compared to just storing it, because then you need to have two separate
piles, and it will also cost the client money to stand there and sort it. New
materials are not that expensive, so there is simply no economic incentive to do
it.” (C3)

Overall, the findings indicate that logistical and economic constraints limit the feasibility of
direct reuse and instead favor the generation of Case B excavation masses.

4.4.2 Market Conditions

Market-related factors were identified as influencing excavation mass management,
particularly regarding the availability, capacity and pricing of disposal of masses at receiving
facilities.
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Several respondents described the dependence on a limited number of receiving facilities within
the region. During periods of high construction activity, C2 described this as resulting in long
waiting times at receiving facilities. Challenges were also identified regarding handling of
asphalt masses suitable for recycling into new asphalt, as facilities accepting these fractions
were described as frequently operating at full capacity. As a result, contractors are instead
required to transport these masses to other receiving facilities for disposal, where the masses
may not go to recycling.

The findings further indicate that economic factors also affect the contractor's choice of waste
receiving facilities. For all contractors, the type of contamination of the masses affects the
choice of receiving facilities, as not all receiving facilities accept all types of masses. In
addition, both transport distance and reception costs influence the choice of receiving facility.
While some respondents emphasized a trade-off between shorter transport distances and lower
reception costs, others described that the transport distances were the dominant factor affecting
the decision.

“Otherwise, it is a trade-off between transport distances and the cost of receiving
the masses. We try to keep the transport distances as short as possible, and
sometimes that means paying a slightly higher price for the reception of the
masses.” (Cl)

“One facility is much closer, so the transport costs are lower there, but it can still
be worth going to the other facility even though the transport distances are much
longer, because their prices are so much lower.” (C2)

“It is really the transport itself, so the geographical location of the receiving
facility plays a bigger role than the actual cost of disposal.” (C3)

Overall, these findings indicate that logistical and economic constraints limit the feasibility of
on-site reuse and instead increase generation of Case B excavation masses. The findings
indicate that the decision to transport excavation masses away from the project site is often
made early in the process, primarily due to spatial and economic constraints.

Respondent C4 describes that their operations are structured to avoid empty return transports.
Instead, transport routes are optimized by combining the delivery of disposal of excavation
masses with the collection of new materials, such as crushed aggregates, from nearby facilities
that they store in their own facility.

4.4.3 Regulatory Constraints

As presented in Section 4.4.1, the lack of space in urban areas limits the possibility to
temporarily store excavation masses at project sites. Requirements related to Traffic
Management Plans (TA-plan) were described as affecting the handling of the generated
excavation masses.

Respondent C2 describes how high fines for not complying with an approved TA-plan affect
their ability to reuse excavation masses directly within projects. Obtaining an approved Traffic
Managing Plan is described as challenging. Furthermore, C2 explains that if masses are stored
within the work area in a way that deviates from the approved plan, high fines may be issued.

26



This results in workers avoid storing masses on site because the costs of the projects become
more predictable when planning to transport all the generated masses to a waste receiving
facility.

“It can hit very hard if a job is worth around 9,000 SEK and we receive a fine of
100,000 SEK because a worker has done something slightly wrong, or what they
believed was correct. ... By my opinion, us contractors carrying out service jobs
should not be a subject to these regulations.” (C2)

Respondent C2 further expresses that the municipal authority responsible for these regulations
therefore counteracts its own objectives.

4.4.4 Material Characteristics and Technical Constraints

Material characteristics and technical requirements were identified as influencing the potential
for reuse of excavation masses. Respondent C3 explains that a large fraction of the material
used as filling material around cables needs to be very fine, which the generated excavation
masses do not fulfill due to the presence of larger stones.

“When we excavate, it is not possible to sort the material well enough to avoid
larger stones, which means that we never can use it as filling material.” (C3)

Furthermore, C3 explains that it may be technically possible to use the generated masses as
filling material, but not without processing such as on-site sorting. However, as presented in
Section 4.4.1, this requires additional space, time, and resources.

4.4.5 Collaboration between Actors

Coordination and communication between actors were identified as important factors affecting
opportunities for reuse of excavation masses. Respondent C1 highlighted that earlier planning
of excavation mass handling before project start could improve opportunities for reuse,
including planning of temporary storage areas of masses.

“... There is improvement potential to plan those things before the project starts
and, we experience that both we and Géteborg Energi can improve in that
planning.” (C1)

Suggestions were also raised regarding shared secondary storage areas for excavation masses
between different projects and contractors. However, respondents emphasized that such
solutions would require increased coordination and responsibility from project owners.

Respondent C4 describes how excavation activities are often carried out sequentially by
different actors within the same area, resulting in repeated excavation of the same location.
According to the respondent, this increases waste generated, that could potentially have been
reduced by better communication and collaboration between different project owners operating
in the same area. The respondent further described that in larger infrastructure projects that
they are involved in may offer better opportunities for coordination, it remains challenging in
practice due to differing planning processes for different projects, regulatory requirements and
the involvement of multiple stakeholders.
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Further, several respondents questioned whether current contamination thresholds always
support resource-efficient management of excavation masses. It was highlighted that there is a
need for increased collaboration between the project owners and the authorities, particularly in
already contaminated environments where the underlying contamination sources remain.

Respondent C1 described cases where large volumes of excavation masses with technical
potential for reuse were transported to landfill due to regulatory requirements related to
contamination thresholds. The project included excavation of an area relatively small within a
larger contaminated environment that resulted in substantial quantities of masses below the
MKM threshold being transported away for disposal and replaced with virgin material, while
the underlying contamination source remained unchanged. The respondent therefore
emphasized the need for improved coordination between project owners and authorities
regarding opportunities for reuse of excavation masses in such environments.

Respondent C4 describes a similar case from a rural project, where large volumes of excavation
masses had to be transported long distances for disposal due to elevated levels of naturally
occurring substances exceeding the thresholds set by the Swedish Environmental Protection
Agency. Although these substances were not a result of human contamination, the masses were
still required to be disposed of and replaced with virgin materials, as they exceeded the
threshold values.

4.4.6 Compilation of Waste Statistics

All respondents explain that the statistics of the generated waste for the waste statistics of
Goteborg Energi are compiled based on invoices from the waste receiving facilities they have
agreements with. It is done in the beginning of every year upon request from Géteborg Energi.
In addition, respondents highlight that the current data does not include information on the
actual direct reuse of excavation masses (Case A) which is often estimated rather than
systematically recorded.

4.4.7 Summary of Implications from Interviews with Contractors

An overview of the identified themes and associated key findings are presented in Table 9,
illustrating how different aspects of excavation mass management were emphasized across
respondents.

Table 9: A summary of findings from the theme analysis from the interviews with the
contractors. An x indicates that the topic was mentioned and xx indicated that the topic was
strongly emphasized.

Theme Key findings Cl |C2 | C3 | C4
Logistical constraints for direct | Limited space in urban environments | xx XX | XX | Xxx
reuse (Case A masses) restricts on-site handling of masses

Use of secondary storage area is limited by | xx XX

availability and cost of land

Economic constraints for direct | Direct reuse of masses is more expensive | Xx XX
reuse (Case A masses) than using virgin materials
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Additional handling (sorting, transport,
storage) increases project costs

XX

XX

Handling strategies of mass management
are often determined prior to project start

XX

XX

Market conditions

Transport distance is a major cost driver in
the choice of waste receiver

XX

XX

XX

XX

The price of the reception is a major driver
in the choice of waste receiving facility

XX

XX

XX

Contractors depend on a limited number of
receiving facilities

XX

XX

XX

Transport costs constitute a major share of
total handling costs

XX

Regulatory constraints

TA-plans restrict storage and handling of
masses on-site

XX

Contractors avoid on-site handling due to
risk of fines and uncertainty

XX

Material characteristics

Excavated masses often do not meet
technical requirements for direct reuse

XX

Sorting and processing would be required
to enable reuse

XX

Collaboration between actors

Contractors questioning the efficiency of
contamination thresholds for reuse in
already contaminated areas

XX

XX

Data collection practices for
generated waste

Waste data is based on invoices from
receiving facilities

XX

XX

XX

XX

Data is compiled manually

XX

XX

Compiled statistics for all work at
Goteborg Energi are received directly
from waste receiving facilities

XX

XX
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4.5 Results from Interviews with Receiving Facilities

This section presents the results from interviews with representatives from waste receiving
facilities. The findings are categorized according to the main themes identified in the analysis.

4.5.1 Market Conditions and Demand

The interviews indicate that the circular management of excavation masses at waste receiving
facilities is highly dependent on market demand. Respondent R1b highlights that there are
currently no regulatory requirements forcing receiving facilities to process excavation masses
to increase reuse. Instead, such activities were described as driven primarily by economic and
environmental incentives from the facilities themselves.

The operational conditions of receiving facilities were also identified as influencing reuse
opportunities. For Receiving Facility 1, all incoming excavation masses must eventually leave
the facility, as there is no end-use of the materials on-site. In contrast, Receiving Facility 2, can
reuse excavation masses within the facility area, for example for landfill construction purposes.
Both respondent Rla and Respondent R2 emphasized that the available area for storing
excavation masses intended for reuse is limited since the space is needed for processing, which
affects how the materials can be managed.

Respondents R1la and R1b emphasized that demand for recycled materials does not occur
passively but instead requires active efforts from receiving facilities to identify and establish
outlets for the materials. Receiving Facility 1 was described as having the technical capacity to
process excavation masses, for example by extracting stones that can be reused in construction.
However, whether this is carried out depends on the existence of sufficient demand for the
resulting materials. According to R1b, this demand must originate from the actors generating
the waste, who need to request and prioritize recycled materials. This influences contractors
who are responsible for executing the work.

“There are three parts to it: the client needs to want this, the contractors need to
be able to handle it, understand it, and also demand it, and we or others in our
part of the chain need to be able to provide it. I think it is important to keep in
mind this aspect of demand and requirement setting, as there is still a lot of
progress to be made in this area.” (R1b)

Regarding the demand for reused stone products, Respondent 2 described that demand is largely
influenced by customer awareness and recognition. The respondent emphasizes that demand is
dependent on how actively the company promotes and works with these products. Furthermore,
Respondent R2 suggests that there is potential for Receiving facility 2 to increase both
production and sales of recycled stone materials. However, it was noted that stones are not
always crushed but are often only sorted, which results in variation in available sizes. According
to the respondent, certain size fractions are more in demand than others.

Regarding the demand for products, respondent R1a explains that there is a higher demand on
the market for recycled stone materials than what they can currently supply. However, other
fractions than stone require more efforts to find suitable outlets.
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One explanation for the imbalance between the demand and supply of recycled stone materials
is the composition of excavation masses. It's emphasized by all respondents that in Gothenburg,
the soil masses often contain high proportions of clay which limits the availability of suitable
material for producing recycled stone products. Regarding other types of excavation masses
used for construction purposes (other recycling), R1b highlights that in Géteborg, volume of
clay rich masses exceeds what realistically can be reused. While such materials can in some
cases be used for construction purposes at landfills, for example in capping, the quantities
generated are significantly larger than the available demand.

Regarding asphalt recycling, one respondent described that there is generally an oversupply of
asphalt masses below 70 mg/kg £ PAH16 compared to the demand from asphalt producers.
Respondent R1b further described that incoming asphalt masses are often mixed with other
material or arrive in large pieces, which requires additional processing such as crushing. In
situations where there is an oversupply, these masses can instead be used for construction
purposes, for example within landfills.

4.5.2 Transport Implications related to Reuse of Masses

The interviews indicate that transport distances and material handling affect both the
environmental and economic performance of excavation mass reuse.

Respondent R1b explained that excavation masses used for construction purposes are often
transported to multiple external projects and facilities, and that suitable reuse outlets are not
always located close to the receiving facility. According to the respondent, this results in
increased transport distances, costs, and environmental impacts.

“In my personal opinion, we have far too much transport, it’s not as local as we
would like, since some of these outlets are farther away, which has environmental
impacts and increases costs.” (R1b)

At the same time, Respondent Rla described that transport efficiency may improve when
recycled materials are reused, since trucks delivering excavation masses can potentially
transport recycled materials on return trips, thereby reducing empty transports. However, the
respondent emphasized that it is difficult to estimate how frequently this occurs in practice.

Respondent R2 further highlighted that all internal movement and treatment of excavation
masses within the facility involve both environmental impacts and economic costs, for example
related to fuel use. According to the respondent, this creates a trade-off where additional
handling and transport may reduce some of the environmental benefits associated with
replacing virgin materials with reused excavation masses.

4.5.3 Challenges and Opportunities for Increasing Reuse of Excavation Masses

Several technical and operational challenges affecting opportunities for reuse of excavation
masses were identified in the interviews.

Respondent R1a explains that it reusable material can theoretically be extracted from masses
with a high clay content through additional processing. However, such processing was
described as economically difficult to justify:
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“We can, of course, also work with crushed aggregates mixed with clay, or
similar materials ... but it comes at a cost. It becomes extremely expensive." (Rla)

Respondent R2 highlights that it can be difficult to separate stones from excavation masses
when the material is mixed with asphalt and organic material, such as branches. The respondent
emphasized that separation of material fractions during excavation, facilitates downstream
sorting and reuse. In contrast, respondents R1a and R1b acknowledged that mixed fractions
could theoretically complicate sorting; they did not perceive this as a major issue in practice, as
separation of materials is typically carried out naturally during the excavation process.

Respondent R1b highlighted the process of obtaining permits, stating that the costs and time
associated with legal procedures may hinder the reuse of excavation masses by making it more
expensive and time-consuming. This was exemplified by situations where transferring
excavation masses between construction sites requires a formal permit process, which may take
several weeks and can therefore limit the feasibility of direct reuse. The regulatory framework
was also described as creating a clear distinction between waste and product. Both R1a and R1b
emphasized that significant effort is required to transform excavation masses into products.

The interviews further highlighted the importance of project owners and clients in increasing
demand for reused materials. According to both receiving facilities, procurement requirements
and prioritization of recycled materials were described as important drivers for increasing reuse
of excavation masses. Respondent R1a further compares this to environmental requirements in
other areas, and lifts the example or requiring transports to be fueled by for example HVO:

“It is known that it becomes more expensive, but it is done to achieve as low
carbon impact as possible. The same applies here.” (Rla)

Respondent R2 explained that waste receiving facilities are responsible for recycling excavation
masses, but that there is no real incentive to do so if there is no demand on the market.
Therefore, clients that generate excavation masses were described as having the possibility to
influence and increase the demand for recycled materials and therefore the overall reuse of
excavation masses.

Finally, respondents R1a and R1b emphasized that the technical complexity of excavation mass
management creates challenges in communication with clients and other stakeholders.
According to the respondents, increased knowledge and awareness regarding excavation mass
management are important for understanding why certain materials cannot always be reused in
specific applications.

4.5.4 Summary of Implications from Interviews with Receiving Facilities

An overview of the identified themes and associated key findings is presented in Table 10,
illustrating how different aspects of excavation mass management were emphasized across
respondents.
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Table 10: 4 summary of findings from the theme analysis from the interviews with the receiving
facilities. An x indicates that the topic was mentioned and xx indicated that the topic was

strongly emphasized.

Themes Key findings R1 | R2

Market conditions and demand Reuse pathways are driven by market | xx | xx
demand
Demand for recycled materials is | xx | xx
dependent on client awareness
The demand for recycled stone products is | xx
higher than the supply
Reuse opportunities depend on active | xx | xx
efforts to identify and establish reuse
outlets
The ability of reuse and recycling of | xx | x
excavation masses is influenced by the
operational conditions of the receiving
facilities

Transport implications Transport affect both environmental and | xx | xx

economic performance of reuse

Challenges and opportunities for increased reuse | High clay content reduces the potential to | xx | xx
reuse material

Mixed material fraction hinders the | x XX
extraction of reusable materials

Increased reuse depends on stronger | xx | xx
requirements from clients to drive demand
for recycled materials

Communication cand knowledge-related | xx | x
challenges arise due to the technical
complexity of excavation masses
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5 DISCUSSION

5.1 Current End Use of Case B Excavation Masses

This study provides quantitative insights into the end-use distribution of Case B excavation
masses generated by Goteborg Energi’s distribution projects during 2025. In total, 122,341 tons
of excavation masses were generated and disposed, of which 74% (91,063 tons) could be traced
to receiving facilities (Section 4.2.4). From all generated masses 49% (59,926 tons) could be
traced to end-use through data obtained from one waste receiving facility (Section 4.2.6).

The identified end-use distribution indicates that most of the mapped masses were managed
through end-use categories classified as “other recycling”, primarily involving use for
construction purposes. Of the identified soil masses, 40,391 tons were estimated to be managed
through other recycling, while 6,338 tons were sent to landfill. For asphalt masses, 698 tons
were estimated to undergo material recycling, 10,418 tons to other recycling, and 2,080 tons
were sent to landfill. These findings indicate that a substantial share of the material flows
avoided disposal and instead replaced virgin materials in downstream management.

However, the presented end-use distribution should be interpreted as indicative of the end-use
rather than exact values. The end-use shares used to calculate the distribution are based on the
total amount of masses managed by the receiving facility and reflect general management rather
than the exact handling of Goteborg Energi’s specific masses. Furthermore, the data used did
not differentiate between contamination levels within each material category. Consequently,
the estimated downstream management pathways represent average end-use distributions for
all soil and asphalt masses handled by the facility. Since different contamination levels may be
associated with different regulatory requirements and reuse possibilities, this introduces
uncertainty regarding how representative the estimated end-use distributions are for Goéteborg
Energi’s specific material flows.

The identified flows for which downstream end-use could be estimated mainly consisted of
contaminated soil masses (*KM). At the same time, the flow mapping indicated that less
contaminated masses (<KM) were more frequently managed through other waste receiving
pathways for which end-use could not be identified. Masses below KM may be easier to reuse
because they are less contaminated. This suggests that the unidentified material flows may also
include masses managed through circular pathways rather than landfilling, potentially
indicating that larger amounts of virgin material are replaced downstream than what could be
found in this study. However, this cannot be confirmed without improved traceability of the
remaining material flows.

The results from the interviews with receiving facilities further demonstrate that the
downstream management of Case B excavation masses is dependent on the operational
conditions and incentives of specific receiving facilities. The interviews with receiving facilities
showed that end-use outcomes are influenced by factors such as technical treatment capabilities,
available storing capacity, market demand for recycled materials, and access to suitable reuse
outlets (Section 4.5). In addition, the results indicate that different receiving facilities focus on
different management pathways for different types of excavation masses (Section 4.3). This
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suggests that the allocation of excavation masses to specific receiving facilities may influence
the potential for downstream reuse and recycling.

5.2 Implications for Monitoring and KPIs

The findings from this study demonstrate that monitoring the downstream management of Case
B excavation masses is highly dependent on traceability and access to data. While Goteborg
Energi currently compiles statistics on generated waste volumes, the existing system does not
provide sufficient information to monitor downstream management pathways. The current
system captures the generation of waste, but not the distribution of masses to receiving facilities
after leaving the project sites.

The results further show that the current system for waste statistics is fragmented and dependent
on information collected in several steps, through contractors and receiving facilities. Since
contractors often use their own agreements with waste receiving facilities, Goteborg Energi has
limited direct access to information regarding where masses are transported and therefore how
they are managed downstream. Currently, only around 8% of the generated masses are sent to
receiving facilities through Goteborg Energi’s own agreements. The results therefore indicate
that the implementation of reliable KPIs for circular excavation mass management requires not
only improved waste statistics but also increased organizational control over excavation mass
flows.

The results also show that during 2025, 10 different receiving facilities were used. The waste
flow mapping showed that many of these handled relatively small volumes of masses. The
interview with contractors further shows that waste statistics are commonly compiled manually
through invoices from receiving facilities. A large number of receiving facilities therefore
further complicates traceability of excavation mass flows. At the same time, almost half of the
generated masses were transported to one receiving facility (49%). This suggests that increased
use of Goteborg Energi’s own agreements and a more centralized allocation of excavation
masses to selected receiving facilities could improve access to standardized data and increase
control over downstream management pathways.

The findings indicate that increased governance in the downstream system may facilitate
monitoring of the downstream flows. The proposed improvements, internal transport control
and increased use of Goteborg Energi’s own agreements, could improve both traceability and
access to waste data (Section 4.1.3). This could reduce the dependence on manual data
collection through contractors and create better conditions for systematic follow-up of
downstream management and end-use pathways.

The results also suggest that monitoring circularity may require simpler indicators rather than
detailed tracking of all end-use pathways. The downstream management of excavation masses
involves several actors. Also, as described in Section 4.3, masses have several different
management routes and end-use at the facilities. Therefore, a possible approach could be to
monitor the proportion of masses sent to landfill compared to masses managed through
pathways replacing virgin material. If end-use shares from receiving facilities could be
collected on an annual basis, such end-use distributions could potentially be applied to Géteborg
Energi’s waste statistics to estimate downstream management outcomes over time.
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Similar challenges regarding traceability and quantification of circular flows in infrastructure
projects have also been identified by Carlsson et al. (2023) in a project commissioned by the
Swedish Transport Administration. The report highlights that further development is required
to quantify indicators related to the amount of material sent for reuse and recycling. It describes
that the handling of materials is in procurements often transferred to contractors, while
information regarding the subsequent handling and end-use of the materials is generally not
reported back to the project owner. The report further highlights that improved procurement
requirements regarding reuse and recycling could strengthen the foundation of data needed for
monitoring. The report also emphasizes that indicators for reuse and recycling could be related
to the total quantities of generated waste per material category to calculate reuse or recycling
rates, to monitor developments in circular performance over time (Carlsson et al., 2023).

This is consistent with the findings in this study. The downstream management of excavation
masses was often difficult to follow once the materials left Goteborg Energi’s projects. The
findings therefore indicate that limited traceability and fragmented data flows are barriers for
monitoring circularity in management of excavation masses.

The interviews with contractors further indicate that the current conditions for direct reuse of
excavation masses within project sites remain limited due to different factors, such as logistical,
economical, regulatorily, and technical constraints (Section 4.4). This is consistent with
previous findings (Swedish Environmental Protection Agency, 2022). As a result, the
generation of Case B excavation masses is likely to continue. In addition, contaminated masses
most often require further processing before reuse is possible. Even with initiatives increasing
the direct reuse of excavation masses, receiving facilities will likely continue to play a central
role in circularity of generated excavation masses. For Géteborg Energi, improving the follow-
up of the downstream management may therefore represent an important step towards increased
control over the environmental impact of their excavation activities.

5.3 Climate Implications

Previous research has shown that climate benefits of reusing excavation masses are highest
when non-contaminated materials can be reused with minimal processing (Jurate Miliute-
Plepiene & Jan-Olov Sundqvist, 2023). Increased processing generally reduces the climate
benefit due to the additional energy use and transport.

Although this study primarily focuses on the management of Case B excavation masses, the
findings also highlight implications related to Case A masses. The interviews with contractors
(Section 4.4) indicate that direct reuse of masses within project sites (Case A masses) is
currently limited due to logistical, technical, regulatory and economic constraints. Since
increased direct reuse would reduce the generation of Case B masses, this suggests that
improved opportunities for on-site reuse could decrease the need for transport and downstream
disposal. From a climate perspective, direct reuse minimizes both processing and transportation
and are therefore likely to provide the greatest benefits.

At the same time, the results indicate that downstream management of Case B excavation
masses may also contribute to reduced climate impact by replacing virgin material, mainly in
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construction applications. However, previous assessments has identified that the use of
excavation masses for construction purposes in landfills in some cases are not recourse efficient,
using unnecessarily large volumes of material, which may reduce the extent to which reused
masses actually replace virgin material extraction and production (Swedish Environmental
Protection Agency, 2022).

Also, the climate performance of the downstream management pathways for Case B excavation
masses are dependent on the treatment processes and transport distances involved. The
interviews with receiving facilities (Section 4.5) showed that reuse outlets for excavation
masses are often located far from the facilities, resulting in long transport distances. In addition,
several treatment processes identified in the study, including crushing, sorting, and washing of
materials, require additional handling and energy use (Section 4.3). The climate benefits
associated with reuse of Case B excavation masses are therefore likely to vary depending on
how the downstream management is implemented in practice.

These findings highlight an important implication regarding future monitoring and KPIs for
circular excavation mass management. While increased reuse and reduced landfilling may
indicate improved circularity, such indicators do not necessarily reflect the overall climate
performance of the system. A higher degree of downstream reuse may still involve increased
transport distances and processing activities, which may reduce the net climate benefit.
However, the excavation masses are already generated as part of the excavation activities, while
the replacement of virgin materials avoids additional extraction and processing of new
resources. In addition to potential climate benefits, increased reuse of excavation masses may
also reduce other environmental impacts associated with the extraction and production of virgin
materials (Miliute-Plepiene & Sundqvist, 2023).

5.4 System Conditions for Increased Circularity

While previous research and the findings of this study indicate that direct reuse remains
challenging, as discussed in Section 5.2, the results also suggest opportunities for increased
circularity within the excavation mass management system.

The interviews with contractors indicate that the current practical conditions in urban
environments often favor transporting excavation masses away from project sites rather than
enabling direct reuse within projects. Limited space in urban environments, high costs for
temporary storage areas, additional handling requirements, and economic considerations were
all identified as factors influencing excavation mass management. Several respondents
described that excavation masses often need to be transported away directly from project sites
because on-site handling and sorting are not practically or economically feasible. Together,
these factors result in increased generation of Case B excavation masses (Section 4.4).

The findings further suggest that opportunities for circular management are influenced by how
excavation mass management is coordinated between actors involved in the system. The
interviews with contractors highlighted that regulatory requirements related to traffic
management plans and contamination thresholds may reduce opportunities for temporary
storage and direct reuse of excavation masses. However, the results also highlight that improved
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coordination and earlier planning between project owners, contractors, municipal authorities,
and receiving facilities could improve opportunities for reuse within existing regulatory
frameworks. This includes planning of excavation mass handling between different actors
before project start, coordination between different project owners, and identification and easier
access of areas for temporary storage.

The results from the interviews demonstrate that the circular management of excavation masses
is dependent on market conditions and the operational circumstances of receiving facilities.
Both contractors and receiving facilities described dependence on a limited number of actors
within the market, while transport distances and treatment costs were identified as important
factors affecting excavation mass management. The respondents representing receiving
facilities further emphasized that reuse pathways are demand-driven and dependent on active
efforts to enable reuse of material and to identify suitable reuse outlets. This also highlights the
need for improved coordination between actors to enable reuse (Section 4.5).

In addition, the interviews with receiving facilities highlighted the importance of project owners
for influencing the market of reused materials. Through procurement requirements, agreements
with receiving facilities, and prioritization of reused materials in projects, actors such as
Goteborg Energi may influence both the demand for reused materials and the downstream
management pathways of generated excavation masses.

5.5 Methodological Challenges and Limitations

A central challenge identified in the study was the limited transparency within the current
management system for excavation masses. During the data collection for the mass flow
mapping and the estimation of end-use distributions, several difficulties related to access to data
were identified (Section 4.2). For some of the material flows, estimations were required to trace
masses to receiving facilities, while other parts of the flow could not be fully traced. In addition,
some receiving facilities were unwilling to participate, and some were unwilling to share
detailed information regarding end-use pathways due to commercial considerations. Together,
these findings highlight challenges regarding transparency and traceability within the
excavation mass management system.

The study further identified methodological challenges related to monitoring downstream
management pathways for excavation masses. Since the management system involves several
actors, including contractors and receiving facilities, the collection of data depends on access
to information from multiple actors. In several cases, the available data was fragmented,
manually compiled, or lacked detail for full traceability of excavation mass flows. This created
uncertainties regarding the downstream management of the masses and limited the possibility
of quantifying exact end-use pathways and distribution.

The estimated end-use distributions were based on aggregated data from receiving facilities and
did not differentiate between contamination levels within each material category. Furthermore,
categories such as “other recycling” include several different downstream management
pathways that may have varying degrees of resource efficiency and replacement of virgin
materials. The findings therefore illustrate the complexity of evaluating circularity within
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excavation mass management, particularly when downstream management involves multiple
actors and different end uses.

The findings presented in the study are also influenced by the delimitations in the method of
interviewing the included actors. The interviews with contractors included four contractors
responsible for excavation activities within Goteborg Energi’s projects, which provided insights
into the practical conditions affecting excavation mass management in the context of Géteborg
Energi. However, excavation mass management conditions may differ between other project
owners, contractors, and geographical contexts. Similarly, only two receiving facilities were
included in the study, despite the mass flow mapping identified several additional actors
involved in downstream management of excavation masses. As different receiving facilities
operate under varying technical, operational, and economic conditions, the included facilities
cannot be assumed to represent all downstream management pathways for excavation masses.
The findings should therefore primarily be interpreted as insights into conditions affecting the
studied system rather than as fully representative for excavation mass management in general.

The findings therefore demonstrate that monitoring and evaluating circular management of
excavation masses is highly dependent on the willingness of actors within the system to share
information regarding downstream management pathways. This may create challenges for
organizations initiating monitoring of downstream management.

5.6 Recommendations

This section presents recommendations based on the results and discussion. The
recommendations are directed towards Goteborg Energi, and may be appliable to other project
owners and actors involved in activities generating excavation masses in urban contexts

- Improve the system for statistics regarding generated excavation masses. Géteborg
Energi currently outsource both transport and the choice of receiving facilities to
contractors, requiring data to be collected from several actors. Goteborg Energi should
take greater control over the flow of excavation masses by directing transport and
reducing reliance on contractor specific agreements. This would enable direct access to
more consistent data, improve traceability, and support the implementation and follow-
up of KPI for end-use distribution of Case B excavation masses. Possible approaches
include operational control over transport and increase the use of Goteborg Energi’s
own agreements (Section 4.1.3).

- Consider the reuse capabilities when starting agreements with waste receiving
facilities. The results show that receiving facilities differ in their technical capabilities,
operational focus, and incentives regarding reuse of excavation masses. This suggests
that the selection of receiving facilities can influence reuse outcomes. Goteborg Energi
should therefore consider the reuse capabilities and specialization of facilities when
establishing agreements and directing excavation masses.

- Use procurement and agreements to support demand for reused materials. The
interviews with receiving facilities highlighted that reuse of excavation masses is highly
demand-driven and dependent on clients prioritizing reused materials. The findings
therefore indicate that procurement requirements and agreements may be important
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tools for increasing demand for reused materials and influencing circular management
pathways for excavation masses.

Improve coordination and early planning of excavation mass management.
The findings indicate that opportunities for direct reuse are often limited by factors that
have the potential to be addressed by increased collaboration. Earlier planning of
excavation mass handling, including coordination between projects and identification
of temporary storage areas before project start, could improve opportunities for reuse of
excavation masses and reduce the generation of Case B masses. Increased collaboration
between Goteborg Energi, contractors, and municipal actors may further improve the
conditions for reuse within existing urban and regulatory constraints.
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6 CONCLUSIONS

This study assessed the downstream management of Case B excavation masses generated by
Goteborg Energi’s activities, with a focus on identifying current end-use and opportunities for
future monitoring of circularity. The assessment was based on mapping excavation mass flows
and interviews with actors involved in the downstream management system.

The following conclusions can be drawn in relation to the research questions:
End-use distribution of excavation masses

- Substantial volumes of excavation masses are managed through downstream pathways
replacing virgin materials rather than being disposed of in landfill.

- Downstream management pathways and end use differ between receiving facilities
and depend on operational conditions and market demand.

- Limitations in data traceability and transparency among actors limit the ability to
determine the end-use distribution of excavation masses.

Monitoring and KPI

- Systematic monitoring of downstream circularity requires traceability and access to
reliable waste data.

- Simplified indicators, such as the proportion of masses going to landfill compared to
masses replacing virgin materials, may represent a feasible approach for quantitatively
monitoring circularity.

- Increased organizational control over excavation mass flows may improve possibilities
for future KPI implementation.

Climate performance of downstream management pathways

- Increased reuse of excavation masses does not automatically result in improved climate
performance, as additional transportation and processing activities to enable reuse may
contribute to GHG emissions.

- Downstream reuse of Case B masses may contribute to reduced emissions associated
with material extraction and transportation, when they substitute the use of virgin
materials.

Overall, the study demonstrates that improving the circular management of excavation masses
requires not only increased reuse, but also improved traceability, coordination, and governance
of downstream material flows. The findings further highlight that circularity is dependent on
the interaction between multiple actors across the system, including project owners, contractors,
and receiving facilities. Increased collaboration and exchange of data between these actors are
therefore needed for improving downstream circularity and reducing both waste generation and
the extraction of virgin materials.
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APPENDIX 1: Popular Science Summary

Excavation masses are materials that get generated during groundwork activities, mostly from
infrastructure and construction projects. Excavation masses consist of mixtures of different
materials such as soil, asphalt, clay, and rock. Excavation masses are the largest waste category
within the Swedish construction sector. Large quantities are transported away from construction
sites for disposal, while virgin materials are extracted and used for backfilling. The transport of
generated masses and transport and extraction of virgin materials results in greenhouse gas
emissions contributing to climate change.

The management of excavation masses is complex and involves many different actors. Project
owners initiate and plan projects, contractors excavate and transport masses to waste receiving
facilities. Since several actors are involved, it is often difficult for project owners to know what
happens to the masses after they are removed from the project sites. Excavation masses are not
necessarily treated as waste in practice. Depending on their quality and handling, they may be
reused or recycled in other construction projects and thereby replace virgin materials that would
otherwise be used. The lack of data on the end use of masses being generated creates challenges
for monitoring environmental impacts of the waste that project owners generate.

This study was conducted in collaboration with Gdteborg Energi, an energy company in
Gothenburg that generates large volumes of excavation masses, mainly from groundwork
related to installation of cables and pipelines for distribution of district heating, district cooling,
gas, electricity, and city fiber. The purpose of the study was to assess how excavation masses
transported away from project sites are managed downstream and how much is landfilled,
reused or recycled. This in order to improve understanding of the environmental impacts of
excavation mass generation and identify opportunities for reducing waste generation. The study
combined mapping of the flows of the masses generated by Goteborg Energi with interviews
with contractors and waste receiving facilities managing the masses. The results showed that a
large share of the excavation masses avoided landfill disposal. Of this, most masses were
estimated to be used for different construction purposes, for example for road construction and
other infrastructure projects. However, the study also identified challenges related to
traceability and access to data. Information about excavation masses is fragmented between
different actors, which makes it difficult to systematically monitor downstream management
and environmental impacts.

Overall, the study shows that excavation masses transported to receiving facilities may avoid
landfill disposal and instead replace virgin materials in other construction and production
processes. This indicates a potential for reduced greenhouse gas emissions and increased
circularity within the construction sector. However, the study also shows that the current
management system lacks sufficient traceability and systematic follow-up of downstream
material flows. The results indicate that project owners need to take greater responsibility for
the excavation masses they generate and develop improved systems for monitoring downstream
management. Increased collaboration among actors involved in excavation mass management
is also necessary to increase reuse and recycling, to reduce environmental impacts from
excavation mass management.
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APPENDIX 2: Interview Guide for Contractors

Process-related questions:

How would you describe your work process during groundwork activities that generate
excavation masses?

At what stage are decisions made regarding how the generated masses will be managed?
What factors determine whether excavation masses are classified or gets send to
receiving facilities unclassified?

How is the choice of waste receiving facility determined?

Documentation and administration

How are the quantities of generated excavation masses currently documented?

How is the choice of receiving facility for the transported masses documented?

What systems do you use to manage statistics on generated excavation masses within a
project?

Data collection and waste statistics

How does your process look when reporting waste quantities to Goteborg Energi?
Are there any factors that may create uncertainty in this data?
What improvements do you see for the reporting of waste quantities?

Reuse of excavation masses:

Other:

How common is it that generated excavation masses are reused within your projects?
(Please answer on a scale from 1-5, where 1 = very uncommon and 5 = very common)
Who do you perceive has the greatest influence on whether excavation masses are
reused? (Rank the following from 1 = greatest influence to 5 = least influence)

The client; The contractor; Waste receiving facilities; Legislation and authorities; Other
(please specify)

What do you perceive as the main barriers for increased reuse of excavation masses?
(Rank the following from 1 = greatest barrier to 5 = least barrier)

Legislation and authorities; Material quality; Logistics; Time constraints; Other (please
specify)

What opportunities do you see for increasing the reuse of excavation masses today?

Is there anything related to the management or reuse of excavation masses that we have
not discussed but that you would like to add?
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APPENDIX 3: Interview Guide for Receiving Facilities

End-use pathways of incoming excavation masses:

What different end-use are available for the different fractions of excavation masses
received at your facility? (Including both on-site use and external use)

Are there situations where excavation masses could theoretically be managed higher up
in the waste hierarchy, but in practice are used for lower-value purposes?
(e.g. masses that could be recycled into products are instead used for construction
purposes, or masses suitable for construction are landfilled)

Capacity and demand:

For non-landfill pathways, how would you describe your capacity to allocate masses for
reuse in relation to demand?

Balanced demand and capacity; Higher demand than capacity; Higher capacity than
demand; Do not know (What makes this difficult to estimate?)

How would you describe the demand for reused excavation masses?

Do you experience periods with surplus or shortage of excavation masses at your
facility?

How often do you experience low demand for reused masses compared to your
capacity? (Scale 1-5, where 1 = very uncommon and 5 = very common)

What typically happens when demand for excavation masses is low?

Reuse of excavation masses:

Other:

Who do you perceive has the greatest influence on whether excavation masses are
reused? (Rank the following from 1 = greatest influence to 5 = least influence)

The client; The contractor; Waste receiving facilities; Legislation and authorities; Other
(please specify)

What do you perceive as the main barriers to increased reuse of excavation masses?
(Rank the following from 1 = greatest barrier to 5 = least barrier)

Legislation and authorities; Material quality; Logistics; Time constraints; Other (please
specify)

What opportunities do you see for increasing the reuse of excavation masses today?
What do you think would be required to increase the share of excavation masses that
are reused?

Do you believe that changes in working methods or collaboration between actors could
contribute to increased reuse?

Is there anything regarding excavation mass management that you think is often
misunderstood?

Is there anything related to the management or reuse of excavation masses that we have
not discussed that you would like to add?
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