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This supporting information provides a full record of datasets, parameters, and assumptions used to model the Norwegian construction aggregates system for the year 2021. It describes the quantification process for, and discusses the uncertainty of, each modelled flow and stock change. In particular, we expand on our approach to quantify flows of Construction Excavation Materials (CEMs).
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[bookmark: _Toc207099875]S1 Datasets
Datasets used to quantify the system are described and referenced in Table S1 and available in the paper repository (https://doi.org/10.5281/zenodo.15642469). An uncertainty level has been assigned for each dataset based on available metadata and/or discussion with relevant stakeholders.
[bookmark: _Ref200032213]Table S1 Record of datasets used to quantify the system, including location in paper repository and assigned uncertainty level.
	
	Dataset and reference
	Location in repository
	Uncertainty
	Comment

	D1.1
	Mineral production statistics – mined and non-saleable sand and gravel (Norwegian Directorate of Mining with the Commissioner of Mines at Svalbard, 2022)
	data/02_raw_compiled/quantities_compiled.xlsx
	Medium-low
	Based on mandatory yearly reports from aggregate producers. Sold and received quantities are typically measured at facility exit and entry, indicating better data quality. Mined and non-saleable quantities may be calculated or assumed, indicating poorer data quality

	D1.2
	Mineral production statistics – sold and received quantities (Norwegian Directorate of Mining with the Commissioner of Mines at Svalbard, 2022)
	
	Low
	

	D1.3
	Received concrete, asphalt, and other materials for recirculation (Norwegian Directorate of Mining with the Commissioner of Mines at Svalbard, 2022)
	
	Low
	

	D2
	External trade statistics (Statistics Norway, 2024c)
	data/01_raw/Statistics Norway/11009_20250107.xlsx
	Medium-low
	Varied data quality, which particularly affects small trade flows and reported units of quantity, compared to units of monetary value (Statistics Norway, 2024e). Trade codes for different materials were carefully selected, however, some codes contain a mix of products (e.g., “Building blocks and bricks of cement, concrete or artificial stone, whether or not reinforced”) where the shares of individual types are unknown

	D3
	Tunneling statistics (Norwegian Tunnelling Society, 2021)
	data/02_raw_compiled/quantities_compiled.xlsx
	Medium-low
	Based on surveys to companies involved in tunnel blasting

	D4
	National road database (Norwegian Public Roads Administration, 2025)
	data/01_raw/The Norwegian Public Roads Administration/
	Low
	Monitored by The Norwegian Public Roads Administration

	D5
	Municipal water supply statistics (Statistics Norway, 2025a)
	data/01_raw/Statistics Norway/13143_20250520.xlsx
	Low
	Water pipeline length is not mentioned as a key source of error in the dataset (Statistics Norway, 2024d)

	D6
	Municipal wastewater statistics (Statistics Norway, 2025b)
	data/01_raw/Statistics Norway/13144_20250520.xlsx
	Low
	Sewage pipeline length is not mentioned as a key source of error in the dataset (Statistics Norway, 2024f)

	D7
	Transmission system operator statistics (Norwegian Energy Regulatory Authority, n.d.)
	data/02_raw_compiled/parameters_compiled.xlsx
	Medium-low
	Monitored by the Norwegian Energy Regulatory Authority, however, no metadata available

	D8
	Norwegian building cadaster (Norwegian Mapping Authority, n.d.)
	data/01_raw/Cadaster/bygninger_bebygdAreal_BygningsstatusKodeId=1_2021.xlsx
	Medium-high
	Dataset coverage is highly varied between municipalities. Approximately 8% of properties in the dataset had a registered footprint area equal to zero

	D9
	Concrete production market report (Betong Norge, 2024)
	data/02_raw_compiled/quantities_compiled.xlsx
	Medium-low
	Source is an industry association which does not disclose market coverage and thus representativeness of the data

	D10
	Asphalt production statistics (Entreprenørforeningen Bygg og Anlegg, n.d.)
	data/02_compiled/quantities_compiled.xlsx
	Medium-low
	Source is an industry association which does not disclose market coverage and thus representativeness of the data

	D11
	CR&DW generation statistics (Statistics Norway, 2024a)
	data/01_raw/Statistics Norway/09247_20250314.xlsx
	Medium-high
	Based on mandatory forms submitted to the municipality to obtain a certificate of completion for a building. However, submitting the form is only mandatory for:
· Construction and extension projects exceeding or affecting 300 m2 BRA (useable area)
· Rehabilitation or renovation projects affecting more than 100 m2 BRA
· Demolition projects exceeding 100 m2
· Construction, rehabilitation, and demolition projects generating more than 10 tonnes of waste
The statistics thus do not include waste quantities from smaller projects. In addition, it is not possible to verify whether the waste was generated in the reported year or before

	D12
	CR&DW treatment statistics (Statistics Norway, 2024b)
	data/01_raw/Statistics Norway/ 09781_20250130.xlsx
	
	

	D13
	Asphalt recycling statistics (Kontrollordningen For Asfaltgjenvinning, 2022)
	data/02_compiled/quantities_compiled.xlsx
	Medium-high
	Based on voluntary surveys to recycling facilities. The response rate for 2021 was 81.1 %

	D14
	Railway ballast maintenance records (Bane NOR SF, 2024a, 2024b)
	Redistribution of raw data not permitted
	Medium-high
	Data points are manually recorded by track or project managers. KO-BLL entries include the locations and extents of ballast placed in tracks or turnouts, specifying the type: gravel, crushed rock, or (rarely) slab track. The specific gradations used are also recorded. Ballast cleaning records are noted by year if applicable. KO-MVS describes track maintenance and rehabilitation activities, indicating the work's nature, timing, location, and the machinery used. Due to manual entry, uncertainties such as unknown ballast fractions, extent, missing data, or wrongfully logged work can be found. Bane NOR SF acknowledges potential inaccuracies, though no intentional errors are presumed





[bookmark: _Toc207099876]S2 Parameters
Parameters used to quantify the system are described and referenced in Table S2 and available in the paper repository (https://doi.org/10.5281/zenodo.15642469). An uncertainty level has been assigned for each parameter based on available metadata, own domain knowledge, and/or discussion with relevant stakeholders.
[bookmark: _Ref200039607]Table S2 Record of parameters used to quantify the system, including location in paper repository and assigned uncertainty level.
	
	Parameter and reference
	Location in repository
	Uncertainty
	Comment

	P1
	Densities of in-situ rock, gravel, sand (Norges Vassdrags- og Energidirektorat, 2023)
	data/02_raw_compiled/parameters_compiled.xlsx
	Medium -low
	Compilation in source is based on data from the Norwegian Public Roads Administration and a handbook on filling of excavation materials. Actual density depends on the local geology. Average values were assumed here

	P2
	Dimensions of pipeline trenches (Norsk Vann, 2016)
	data/02_raw_compiled/parameters_compiled.xlsx
	Low
	Several cases described for various pipeline installations

	P3
	Dimensions of cable trenches (Elvia, 2025)
	data/02_raw_compiled/parameters_compiled.xlsx
	Medium-low
	Deviation from standard depths requires special permission 

	P4
	Dimensions of basements (Byggteknisk Forskrift, 2017) 
	data/02_raw_compiled/parameters_compiled.xlsx
	Low
	Minimum requirements according to national building standards

	P5
	Dimensions of concrete slabs (SINTEF, 2003)
	data/02_raw_compiled/parameters_compiled.xlsx
	Low
	Based on minimum requirements to comply with national building standards

	P6
	Concentration of aggregates in concrete (Kosmatka & Wilson, 2011)
	data/02_raw_compiled/parameters_compiled.xlsx
	Medium-low
	Concrete composition varies depending on structural requirements but aggregates normally constitute 70-85% of the concrete mass – the mean was used here

	P7
	Concentration of aggregates in bricks (Punmia et al., 2004)
	data/02_raw_compiled/parameters_compiled.xlsx
	Medium-low
	Brick composition varies depending on material availability and manufacturing process but a suitable soil for brick production consists of 50-60% silica sand – the mean was used here

	P8
	Share of non-saleable aggregates in production (Norwegian Directorate of Mining with the Commissioner of Mines at Svalbard, 2022)
	data/02_raw_compiled/parameters_compiled.xlsx
	Medium-high
	In contrast to natural aggregate (sand and gravel) production, there are no data on non-saleable crushed rock – only a non-saleable share from all solid rock mining. According to the mineral production statistics, construction aggregate production has 3.4% non-saleable quantities on average. The calculated rate for natural aggregate production (where there are reported records of quantities) is 6.2% non-saleable quantities, suggesting a much more efficient production line for crushed rock

	P9
	Transfer coefficients for sales from aggregates production to main sectors/applications (Norwegian Directorate of Mining with the Commissioner of Mines at Svalbard, 2022)
	data/02_raw_compiled/parameters_compiled.xlsx
	Medium-low
	Taken from the mineral production statistics, which are based on mandatory yearly reports from aggregate producers. Reported sales shares to different sectors are typically not measured and may be based on the producer’s own approximation. One possible uncertainty pertains to quantities delivered to a contractor involved in multiple construction activities (e.g., pavements and unbound road layers) – these quantities may be registered only under the contractor’s main activity (e.g., paving)

	P10
	Density of ready-mixed concrete (Interbeton Building Materials, 2021)
	data/02_raw_compiled/parameters_compiled.xlsx
	Low
	Taken from a generic Environmental Product Declaration for ready-mixed concrete

	P11
	Concentration of sand in mortar (Steinhardt AS, 2022)
	data/02_raw_compiled/parameters_compiled.xlsx
	Low
	Taken from generic safety data sheet for mortar produced in Norway

	P12
	Concentration of aggregates in asphalt (Norwegian Public Roads Administration, n.d.)
	data/02_raw_compiled/parameters_compiled.xlsx
	Low
	Slight variations occur due to project specifications and requirements but 94-95% is stated by the Norwegian Road Administration

	P13
	Transfer coefficients for CEMs from roads, railways, and other infrastructures to primary applications, secondary applications, and landfill (Norwegian Environment Agency, 2021)
	data/02_raw_compiled/infra_CEMs_TCs_calculated.xlsx
	High
	Calculated based on results from a project coordinated by the Norwegian Environment Agency (2021). The project investigated management of excavation materials from a selection of infrastructure projects in various stages over 5 years and mapped or estimated volumes going to 1) recycling as aggregate, 2) depositing or filling within the project, or 3) landfill. The source report states that the published data are highly uncertain. Calculating coefficients also necessitated conversion since different units were used (theoretical solid volume or placed volume). The representativeness of the investigated projects for general infrastructure construction represents an additional uncertainty

	P14
	Cross-section geometries of ballast beds (Bane NOR SF, 2024d) and dimensions of sleepers (Bane NOR SF, 2024c)
	data/02_raw_compiled/parameters_compiled.xlsx
	Low
	Taken from technical regulations and specifications by Bane NOR, the Norwegian railway authority

	P15
	Density of railway ballast (Nålsund, 2014)
	data/02_raw_compiled/parameters_compiled.xlsx
	Low
	Norwegian ballast samples range between approximately 1.55-1.65 kg/dm3 – the mean was used here




[bookmark: _Toc207099877]S3 Assumptions in model
Assumptions made in the system quantification are described in Table S3. An uncertainty level has been assigned for each assumed parameter based on own domain knowledge and/or discussion with relevant stakeholders.
[bookmark: _Ref200106601]Table S3 Record of assumptions used to quantify the system where suitable parameters could not be found in the literature, including assigned uncertainty levels.
	
	Assumption
	Uncertainty
	Comment

	A1.1
	Tunnel CEMs have an average density corresponding to that of Norwegian granite rock
	Medium-low
	Densities of excavated materials depend on the local geology, which was not considered in our model. However, the assumed parameters were carefully selected based on knowledge of geological conditions in Norway (Norges Vassdrags- og Energidirektorat, 2023)

	A1.2
	50% of road CEMs have an average density corresponding to that of Norwegian granite rock; the remaining 50% have an average density corresponding to that of sand and gravel (medium graded and firmly layered, moist)
	Medium-high
	

	A1.3
	Non-tunnel utility network CEMs have an average density corresponding to that of sand and gravel (medium graded and firmly layered, moist)
	Medium-low
	

	A1.4
	50 % of building foundation CEMs have an average density corresponding to that of Norwegian granite rock; the remaining 50% have an average density corresponding to that of sand and gravel (medium graded and firmly layered, moist)
	Medium-high
	

	A2
	Longitudinal road network expansion corresponds to the following dimension classes:
· 33% national highway H3, 33% national highway H2, and 33% national highway H1 for E-roads
· 100% other highway Hø1/Hø2 for National roads
· 100% other highway Hø1/Hø2 for County roads
· 100% main residential street for Municipal roads
	Medium-low
	New road segments are constructed based on current road standards. The dimension classes described in N100 Veg- og gateutforming (2023) are defined based on Annual Average Daily Traffic (AADT) and speed limit, which were implicitly considered in our model

	A3 
	Average excavation rates for road dimension classes are:
· 50 m3 CEMs/m H3
· 20 m3 CEMs/m H2
· 12 m3 CEMs/m H1
· 7 m3 CEMs/m Hø1/Hø2
· 2.5 m3 CEMs/m main residential street
	Medium-high
	A project coordinated by the Norwegian Environment Agency (2021) reported between 18-502 m3/m for E-roads and national roads, however, 6 out of 8 of their investigated projects included road tunnel construction. Based on road widths described in Norwegian road construction standards (N100 Veg- og gateutforming, 2023), we calculated that our assumed rates would correspond to average excavation depths of:
· 2.4m for H3
· 1.7 m for H2
· 1.3 m for H1
· 0.9m for Hø1/Hø2
· 0.5m for residential streets
In reality, the excavation depths (rates) vary significantly based on the in-situ terrain. However, it can be assumed with high confidence that construction of E-roads generates considerable amounts of CEMs compared to smaller, residential streets

	A4
	50% of added water supply pipeline is installed in joint trench with sewage pipeline; the remaining additions are installed separately
	Medium-low
	Joint pipeline installation is common practice; the assumed share needs to be refined in future work

	A5
	Average width of cable trench is 1 m
	Medium-low
	Standard depth is 0.6m (Elvia, 2025)

	A6
	Foundation category depends on building type (see 
Table S6); 2/3 (1/3) of the total footprint area of building types with a high (low) likelihood of basement consists of sub-surface basement
	High
	While some building types can be assumed to be more likely to have a basement (e.g., multi-family buildings) than others (e.g., factories), the share of allocated footprint area to each foundation category needs to be refined in future work. Our model also did not consider slab thickness variations due to building size/number of floors

	A7
	20% of utility network CEMs are utilized as backfill (i.e., an unbound structure) and the remaining 80% are sent to landfill
	Medium-low
	Trenches are typically backfilled with primary aggregates (Rise, 2022)

	A8
	20% of building foundation CEMs from properties with basements are deposited/filled on site and the remaining 80% are sent to landfill; 100% of building foundation CEMs from properties without basements are deposited/filled on site
	High
	Transport and disposal of excavation materials is expensive in Norway and filling on site is often preferred. However, due to the typically limited available space within a project, it can be assumed that buildings with basements (which are responsible for the majority of CEMs) generate a surplus of CEMs that needs to be removed. More research is needed on a variety of building projects to increase knowledge of the systematic management of CEMs 

	A9
	CR&DW from concrete and brick structures consists of 99% concrete and 1% bricks
	Low
	D11 and D12 include waste fractions “Bricks and concrete and other heavy building materials” and “Polluted bricks and concrete” but do not further distinguish concentrations of concrete and brick. Assuming a concrete concentration of 99% results in an outflow from the concrete stock that amounts to 4% of the inflows. This aligns with previous studies modelling concrete flows both in Norway (Bergsdal et al., 2007) and Ireland (Woodward & Duffy, 2011).

Differences in CR&DW composition can be assumed to influence waste treatment, which was not considered in out model. However, since the non-concrete fraction of CR&DW is likely very small, the impact of this assumption is probably minor

	A10
	Railway ballast cleaning replaces 50% of the ballast volume down to 200 mm below the sleepers. Track rehabilitation (“sporombygningstoget”) replaces 100% of the ballast volume down to 50 mm below the sleepers
	Medium-low
	Ballast replacement rates due to maintenance depend on:
· Track placement in landscape (cut vs. fill – the former typically results in higher replacement due to wider track design and poorer ballast quality)
· Track geometry variations, e.g., due to the age of the structure (historical variations in construction standards) and proximity to other railway infrastructures such as stations
· Variations in ballast quality (e.g., amount of fines)
Such variations were not considered in our model. However, our estimate for ballast cleaning would correspond to a replacement rate of approximately 1.7 m3 ballast/m track, which falls well within the maximum capacity of a typical ballast bed cleaning machine at 450 m3/h and 195 m/h (STRABAG Rail, n.d.)





[bookmark: _Toc207099878]S4 System quantification and uncertainty assessment
Table S4 details the quantification process by listing, for each flow or stock change: quantification approach, dependence on datasets or other flows/stock changes, and used parameters and assumptions. Calculations were made in Jupyter Notebooks using Python 3.8; all code is available in the paper repository (https://doi.org/10.5281/zenodo.15642469). The uncertainty levels assigned to each dataset (Table S1), parameter (Table S2), and assumption (Table S3) are combined in Table S4 into a final uncertainty level per flow/stock change, which can never be better than that of the original dataset. Uncertainties of flows and stock changes quantified through mass balance is determined by assessing the quantitative contributions of each balancing variable. The resulting uncertainty levels for all quantified flows in the 2021 Norwegian construction aggregates system is visualized in Figure S1. The largest uncertainties are observed for flows related to excavation in construction and management of end-of-life materials.
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[bookmark: _Ref200640230]Figure S1 Visualization of uncertainties in the Norwegian construction aggregates system quantified for 2021.
[bookmark: _Ref200303908]
[bookmark: _Ref200652994]Table S4 System quantification: approach, datasets, parameters, and assumptions for each flow (F) or stock change (dS) as well as final assigned uncertainty levels. Estimated uncertainty ranges: Low: <5%; Medium-low: 5-10%; Medium-high: 10-20%; High: >20%.
	Index
Name
	Quantification approach
	Datasets/other flows
	Parameters/assumptions
	Assigned uncertainty

	F0-1.1
Mined sand and gravel
	Observed data
	D1.1
	
	Medium-low

	F0-1.2
Mined rock
	Calculation (mass balance)
	F1-2.1
	
	Low

	
	
	F1-3.2
	
	

	
	
	F6-1
	
	

	
	
	F12-1
	
	

	
	
	F13-1
	
	

	F0-2
Imported sand and gravel
	Observed data
	D2
	
	Medium-low

	F0-6.1
CEMs from longitudinal road network expansion
	Estimation
	D3
	P1
	Medium-high

	
	
	
	A1.1
	

	
	
	D4
	A1.2
	

	
	
	
	A2
	

	
	
	
	A3
	

	F0-6.2
CEMs from utility network expansion
	Estimation
	D3
	P1
	Medium-low

	
	
	D5
	P2
	

	
	
	
	P3
	

	
	
	D6
	A1.1
	

	
	
	
	A1.3
	

	
	
	D7
	A4
	

	
	
	
	A5
	

	F0-6.3
CEMs from building foundations
	Estimation
	D8
	P1
	Medium-high

	
	
	
	P4
	

	
	
	
	P5
	

	
	
	
	A1.4
	

	
	
	
	A6
	

	F0-6.4
CEMs from railway tunnels
	Observed data
	D3
	P1
	Medium-low

	
	
	
	A1.1
	

	F0-6.5
CEMs from other infrastructure
	Observed data
	D3
	P1
	Medium-low

	
	
	
	A1.1
	

	F0-7.1
Imported concrete products
	Observed data
	D2
	P6
	Medium-low

	F0-7.2
Imported brick products
	Observed data
	D2
	P7
	Medium-low

	F1-2.1
Sold crushed rock
	Observed data
	D1.2
	
	Low

	F1-2.2
Sold sand and gravel
	Observed data
	D1.2
	
	Low

	F1-3.1
Non-saleable sand and gravel
	Observed data
	D1.1
	
	Medium-low

	F1-3.2
Non-saleable crushed rock
	Calculation (transfer coefficient)
	F1-2.1
	P8
	Medium-low

	F2-0.1
Exported crushed rock
	Observed data
	D1.2
	
	Low

	F2-0.2
Exported sand and gravel
	Observed data
	D1.2
	
	Low

	F2-4.1
Crushed rock to production of concrete and mortar
	Calculation (transfer coefficient)
	F1-2.1
	P9
	Medium-low

	F2-4.2
Sand and gravel to production of concrete and mortar
	Calculation (transfer coefficient)
	F0-2
	P9
	Medium-low

	
	
	F1-2.2
	
	

	F2-5.1
Crushed rock to production of road pavements
	Calculation (transfer coefficient)
	F1-2.1
	P9
	Medium-low

	F2-5.2
Sand and gravel to production of road pavements
	Calculation (transfer coefficient)
	F0-2
	P9
	Medium-low

	
	
	F1-2.2
	
	

	F2-9.1
Crushed rock to construction and maintenance of unbound road structures
	Calculation (transfer coefficient)
	F1-2.1
	P9
	Medium-low

	F2-9.2
Sand and gravel to construction and maintenance of unbound road structures
	Calculation (transfer coefficient)
	F0-2
	P9
	Medium-low

	
	
	F1-2.2
	
	

	F2-10.1
Crushed rock to construction and maintenance of other unbound structures
	Calculation (transfer coefficient)
	F1-2.1
	P9
	Medium-low

	F2-10.2
Sand and gravel to construction and maintenance of other unbound structures
	Calculation (transfer coefficient)
	F0-2
	P9
	Medium-low

	
	
	F1-2.2
	
	

	dS3-3
Stored processing waste
	Calculation (mass balance)
	F1-3.1
	
	Medium-low

	
	
	F1-3.2
	
	

	F4-0
Exported concrete products
	Observed data
	D2
	P6
	Medium-low

	F4-7.1
Ready-mixed concrete
	Observed data
	D9
	P10
	Medium-low

	
	
	
	P6
	

	F4-7.2
Mortar
	Observed data
	D9
	P11
	Medium-low

	F4-7.3
Prefabricated concrete elements
	Calculation (mass balance)
	F2-4.1
	
	Medium-low

	
	
	F2-4.2
	
	

	
	
	F4-0
	
	

	
	
	F4-7.1
	
	

	
	
	F4-7.2
	
	

	F5-8.1
Asphalt
	Observed data
	D10
	P12
	Medium-low

	F5-8.2
Other paving materials
	Calculation (mass balance)
	F2-5.1
	
	Medium-low

	
	
	F2-5.2
	
	

	
	
	F5-8.1
	
	

	
	
	F13-5
	
	

	F6-1
CEMs received by aggregate producers
	Observed data
	D1.2
	
	Low

	F6-9
Road CEMs utilized in construction of unbound road structures
	Calculation (transfer coefficient)
	F0-6.1
	P13
	High

	F6-10.1
Railway CEMs utilized in construction of other unbound structures
	Calculation (transfer coefficient)
	F0-6.4
	P13
	Medium-high

	F6-10.2
Utility network CEMs utilized in construction of other unbound structures
	Estimation
	F0-6.2
	A7
	Medium-low

	F6-11.1
Road CEMs filled or deposited on-site
	Calculation (transfer coefficient)
	F0-6.1
	P13
	High

	F6-11.2
Railway CEMs filled or deposited on-site
	Calculation (transfer coefficient)
	F0-6.4
	P13
	Medium-high

	F6-11.3
Other infrastructure CEMs filled or deposited on-site
	Calculation (transfer coefficient)
	F0-6.5
	P13
	Medium-high

	F6-11.4
Building CEMs filled or deposited on-site
	Estimation
	F0-6.3
	A8
	High

	F6-14.1
Road CEMs to landfill
	Calculation (transfer coefficient)
	F0-6.1
	P13
	High

	F6-14.2
Railway CEMs to landfill
	Calculation (transfer coefficient)
	F0-6.4
	P13
	Medium-high

	F6-14.3
Utility network CEMs to landfill
	Estimation
	F0-6.2
	A7
	Medium-low

	F6-14.4
Other infrastructure CEMs to landfill
	Calculation (transfer coefficient)
	F0-6.5
	P13
	Medium-high

	F6-14.5
Building CEMs to landfill
	Estimation
	F0-6.3
	A8
	High

	dS7-7
Concrete and brick structures
	Calculation (mass balance)
	F0-7.1
	
	Medium-low

	
	
	F0-7.2
	
	

	
	
	F4-7.1
	
	

	
	
	F4-7.2
	
	

	
	
	F4-7.3
	
	

	F7-12.1
Concrete CR&DW
	Observed data
	D11
	P6
	Medium-high

	
	
	
	A9
	

	F7-12.2
Brick CR&DW
	Observed data
	D11
	P7
	Medium-high

	
	
	
	A9
	

	dS8-8
Road pavement structures
	Calculation (mass balance)
	F5-8.1
	
	Medium-low

	
	
	F5-8.2
	
	

	
	
	F8-13.1
	
	

	
	
	F8-13.2
	
	

	F8-13.1
End-of-life asphalt to recycling facilities
	Observed data
	D13
	P12
	Medium-high

	F8-13.2
End-of-life asphalt to direct (not via facilities) recycling
	Calculation (mass balance)
	F8-13.1
	
	Medium-high

	
	
	F13-5
	
	

	
	
	F13-9
	
	

	
	
	dS13-13
	
	

	
	
	F13-1
	
	

	dS9-9
Unbound road structures
	Calculation (mass balance)
	F2-9.1
	
	Medium-low

	
	
	F2-9.2
	
	

	
	
	F6-9
	
	

	
	
	F13-9
	
	

	dS10-10
Other unbound structures
	Calculation (mass balance)
	F2-10.1
	
	Medium-low

	
	
	F2-10.2
	
	

	
	
	F6-10.1
	
	

	
	
	F6-10.2
	
	

	
	
	F12-10
	
	

	
	
	F10-14
	
	

	F10-14
Railway ballast maintenance waste
	Estimation
	D14
	P14
	Medium-high

	
	
	
	P15
	

	
	
	
	A10
	

	dS11-11
CEMs deposited or filled on-site
	Calculation (mass balance)
	F6-11.1
	
	High

	
	
	F6-11.2
	
	

	
	
	F6-11.3
	
	

	
	
	F6-11.4
	
	

	F12-1
Concrete CR&DW received by aggregates producers
	Observed data
	D1.2
	P6
	Low

	F12-10
CR&DW recycled as unbound aggregate
	Observed data
	D12
	P6
	Medium-high

	
	
	
	P7
	

	
	
	
	A9
	

	F12-14
CR&DW sent to landfill and other waste treatment
	Observed data
	D12
	P6
	Medium-high

	
	
	
	P7
	

	
	
	
	A9
	

	F13-1
End-of-life asphalt received by aggregate producers
	Observed data
	D1.2
	P12
	Low

	F13-5
End-of-life asphalt recycled in asphalt production
	Observed data
	D13
	P12
	Medium-high

	F13-9
End-of-life asphalt recycled in construction of unbound road stock
	Observed data
	D13
	P12
	Medium-high

	dS13-13
End-of-life asphalt in intermediate storage at recycling facilities
	Observed data
	D13
	P12
	Medium-high

	dS14-14
Landfilled aggregates
	Calculation (mass balance)
	F6-14.1
	
	Medium-high

	
	
	F6-14.2
	
	

	
	
	F6-14.3
	
	

	
	
	F6-14.4
	
	

	
	
	F6-14.5
	
	

	
	
	F10-14
	
	

	
	
	F12-14
	
	





[bookmark: _Toc207099879]S5 Quantification of Construction Excavation Materials (CEMs)
[bookmark: _Toc207099880]S5.1 Excavation for road infrastructure
We quantified road CEMs based on data of highway tunnel excavation from the Norwegian Tunnelling Society (2021) in addition to road network expansion calculated from the Norwegian Public Roads Administration’s national road database NVDB (Norwegian Public Roads Administration, 2025). From NVDB, we extracted road network lengths for E-roads, national roads, county roads, and municipal roads at the beginning and end of 2021 to derive the longitudinal road network expansion per road type. Lateral expansion, for example, due to lane addition or -widening, was not included in our estimate since the public version of NVDB does not distinguish between construction of new roads and maintenance or upgrades of existing roads. 
As shown in Table S5, we assigned dimension classes based on Norwegian road construction standards (N100 Veg- og gateutforming, 2023) to the added road lengths and assumed average excavation rates for each class ranging from 2.5 m3 CEMs/m road for residential streets to 50 m3 CEMs/m for national highways of dimension class H3. These excavation rates were validated against the results of a project coordinated by the Norwegian Environment Agency (2021), which investigated the management of excavation materials from 23 infrastructure projects (road, railway, energy, port) by documenting or estimating volumes recycled as aggregates, deposited or filled within the project, and sent to landfill. We calculated that their studied E-roads and national roads generated between 18-502 m3/m road; however, six out of eight of these roads had also involved tunnel construction.
[bookmark: _Ref199505506]Table S5 Assigned dimension classes and assumed excavation rates per road category in longitudinal road network expansion. AADT=Annual Average Daily Traffic.
	Road category
	Dimension class (N100)
	Share assigned to class
	Characteristics of dimension class
	Assumed excavation rate
(m3CEMs/m)
	Corresponding average excavation depth (m)

	E-road
	H3
	33%
	AADT > 12 000
90-110 km/h
20.5m min. width
	50
	2.4

	
	H2
	33%
	AADT 6000-
15 000
90 km/h
12m min. width
	20
	1.7

	
	H1
	33%
	AADT < 6000
80 km/h
9m min. width
	12
	1.3

	National road
	H1
	100%
	AADT < 6000
80 km/h
9m min. width
	12
	1.3

	County road
	Hø1
	100%
	AADT < 4000
80 km/h
7.5m min. width
	7
	0.9

	Municipal road
	Main residential street
	100%
	30-40 km/h
5.5m min. width
	2.5
	0.5



The Norwegian Environment Agency’s results were also used to calculate transfer coefficients of road CEM flows towards primary applications (utilization in road construction, 28%), secondary applications (depositing or filling on-site, 68%), and landfill (4%). For simplicity, we assumed that the excavated volume consisted of 50% rock with an in-situ density of 2.65 t/m3, corresponding to that of Norwegian granite (Norges Vassdrags- og Energidirektorat, 2023), and 50% unbound CEMs with an in-situ density of 1.83 t/m3, corresponding to an average density for medium graded, firmly layered, and moist sand and gravel (Norges Vassdrags- og Energidirektorat, 2023).
[bookmark: _Toc207099881]S5.2 Excavation for railway infrastructure
Railway CEMs were quantified using data of excavation for railway tunnels (Norwegian Tunnelling Society, 2021). Other excavation related to railway infrastructure could not be quantified due to data limitations. Transfer coefficients for flows towards primary applications (utilization in construction of other unbound structures, 36%), secondary applications (depositing or filling on-site, 60%), and landfill (4%) were calculated from the results reported by the Norwegian Environment Agency (2021).
[bookmark: _Toc207099882]S5.3 Excavation for utility network infrastructure
Our quantification approach for CEMs from utility networks consisted of two parts. First, we applied data of excavated volumes from water supply and sewage tunnelling (Norwegian Tunnelling Society, 2021). Second, we estimated excavated volumes generated by trenching for water pipelines, sewage pipelines, and distribution cables for electricity. Data for added water and sewage pipeline lengths were collected from Statistics Norway (2025b, 2025a). We assumed that half of the total water pipeline length was installed jointly with the corresponding length of sewage pipeline, which is common practice, and that the remaining lengths were installed in separate trenches. For cables, we calculated the length expansion by comparing statistics from the Norwegian Energy Regulatory Authority (n.d.) of the sub-ground local distribution network in 2020 and 2021. Trench cross-section dimensions were then collected from technical guides and handbooks. Only sand and gravel CEMs (with same assumed in-situ density as in 5.1) were assumed to be generated from utility network trenches since rock blasting would most often not be cost-efficient for these installations. Utilization of CEMs as trench backfill is often hindered by quality requirements (Rise, 2021), hence, we assumed that 20% of generated quantities would be of sufficient quality (primary application) and that the remaining 80% would be sent to landfill due to limited filling and depositing space surrounding the trench.
[bookmark: _Toc207099883]S5.4 Excavation for other infrastructure
To quantify CEMs from other types of infrastructures, we applied data of excavation related to tunnels for metro, hydropower, and other purposes (Norwegian Tunnelling Society, 2021). Other forms of infrastructure excavation could not be quantified due to data limitations. Flows towards primary (0%) and secondary (71%) applications as well as landfill (28%) were then determined using transfer coefficients calculated from non-road, non-railway projects mapped in the Norwegian Environment Agency's (2021) project.
[bookmark: _Toc207099884]S5.5 Excavation for building foundations
Building foundation CEMs were estimated based on property information recorded in the Norwegian cadaster (Norwegian Mapping Authority, n.d.). Excavation can be assumed to occur in the first phases of a project; hence, we extracted the type and footprint area of all buildings registered with the status “permission to start construction” in 2021 (Figure S2). Buildings with footprint areas below 50 m2 were assumed to use lighter foundation types, such as piles, that generate negligible amounts of CEMs and were therefore excluded. We assigned an assumed foundation category per building type to the remaining properties, distinguishing between insulated and uninsulated concrete slabs as well as high and low likelihood of basement (Table S6). Residential-type buildings were assigned insulated slabs, while non-residential type buildings were assigned uninsulated slabs. For building types where we assumed a high (low) likelihood of basement, we estimated that 2/3 (1/3) of the total footprint area would be sub-surface at a depth corresponding to a minimum ceiling height (2.2 m) plus slab foundation thickness (0.35-0.45 m). The corresponding excavation depth for building types without basement was set to only the slab thickness. In reality, foundation requirements differ considerably depending on the in-situ geology and project specifications (e.g., building size/number of floors). Such variations were not considered in our model and would likely add to our calculated volume.
The composition of building foundation CEMs was assumed to be 50% crushed rock and 50% sand and gravel, using the same density conversions as stated in 5.1. Furthermore, we assumed that all CEMs from buildings sites without basement excavation were deposited or used for on-site landscaping. On the other hand, building sites with basement excavation were assumed to generate an 80% surplus of CEMs which would be transported to landfill.
[image: ]
[bookmark: _Ref200554991]Figure S2 Total footprint areas issued per building type in 2021 based on data from the Norwegian cadaster. English translations of building types are provided in Table S6.
[bookmark: _Ref200554955]

Table S6 Foundation categories assigned to building types in the Norwegian cadaster.
	Insulated concrete slab, high likelihood of basement

	Norwegian
	English

	2 Enebolig m/hybel/sokkelleil.

	Single-family house with basement apartment

	3 Våningshus

	Multistorey building

	12 Stort frittliggende boligbygg på 2 etg.

	Large detached residential building of 2 stories

	13 Stort frittliggende boligbygg på 3 og 4 etg.

	Large detached residential building of 3 or 4 stories

	14 Stort frittliggende boligbygg på 5 etg. el. mer"

	Large detached residential building of 5 stories or more

	16 Store sammenb. boligbygg på 3 og 4 etg.

	Large combined residential building of 3 or 4 stories

	17 Store sammenb. boligbygg på 5 etg. el. mer
	Large combined residential building of 5 stories or more

	Insulated concrete slab, low likelihood of basement

	Norwegian
	English

	1 Enebolig
	Single-family house

	4 Tomannsbolig, vertikaldelt
	Semi-detached house, vertically divided

	5 Tomannsbolig, horisontaldelt
	Semi-detached house, horizontally divided

	8 Rekkehus
	Rowhouse

	9 Kjede/atriumhus
	Chain/atrium house

	11 Andre småhus m/3 boliger el fl
	Other small house with 3 or more units

	18 Bo- og servicesenter
	Housing and service center

	20 Annen bygning for bofellesskap
	Other building for residential community

	82 Barneskole
	Primary school

	83 Ungdomsskole
	Secondary school

	84 Komb. barne- og ungdomsskole
	Combined primary and secondary school

	111 Sykehjem
	Nursing home

	112 Bo- og behandlingssenter
	Residential treatment center

	Insulated concrete slab, no basement

	Norwegian
	English

	26 Garasjeuthus anneks til bolig
	Garage or annex

	81 Barnehage
	Kindergarten

	86 Annen skolebygning
	Other school building

	Uninsulated concrete slab, low likelihood of basement

	Norwegian
	English

	49 Kontor- og adm.bygning rådhus
	Office and administration building town hall

	52 Annen kontorbygning
	Other office building

	53 Kjøpesenter varehus
	Mall

	64 Parkeringshus
	Parking garage

	65 Annen garasje-/hangarbygning
	Other garage/hangar building

	94 Idrettshall
	Sports hall

	110 Sykehus
	Hospital

	Uninsulated concrete slab, no basement

	Norwegian
	English

	31 Fabrikkbygning
	Factory building

	32 Verkstedbygning
	Workshop building

	33 Bygning for renseanlegg
	Building for sewage treatment plant

	34 Bygn.for vannfors.bla. pumpest
	Building for water supply, e.g. pump station

	35 Annen industribygning
	Other industrial building

	39 Lagerhall
	Warehouse

	40 Kjøle- og fryselager
	Cold and freezer storage

	42 Annen lagerbygning
	Other warehouse building

	48 Annen landbruksbygning
	Other agricultural building

	54 Butikk/forretningsbygning
	Commercial or business building

	56 Annen forretningsbygning
	Other commercial building

	62 Annen eksp. og terminalbygning
	Other exp. and terminal building

	99 Annen idrettsbygning
	Other sports building

	120 Brannstasjon ambulansestasjon
	Fire station ambulance station
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