Supplementary Material
Expert interviews
This publication uses information from twelve expert interviews, the majority of which were conducted within the research projects ‘WieBauin – Wiederverwendung Baumaterialien innovativ (FKZ 033L209A) and ‘RessStadtQuartier – Urbanes Stoffstrommanagement: Instrumente für die ressourceneffiziente Entwicklung von Stadtquartieren (FKZ 033W109A), both funded by the German Federal Ministry of Education and Research. The questions and replies relevant for this study are documented in Supplementary Table 1 and refer to the German context. The replies are documented in aggregated form to protect the experts’ personal and corporate information.
[bookmark: _Ref162003379][bookmark: _GoBack]Supplementary Table 1. Relevant questions and replies from twelve expert interviews (in aggregated form).
	Question
	Reply

	What are the recycling pathways for waste concrete, mixed mineral waste and soil and stones?
	Only the best available recycled materials are used in each recycling pathway; waste concrete is used in road base layers and frost protection layers as well as in lower-quality recycling pathways; mixed mineral waste is used in earthworks; soil and stones are largely backfilled; landfilling is negligible for non-toxic CDW; recycled concrete is still negligible.

	Is high-quality CDW recycling economically feasible?
	Depends on acceptance fee for backfilling, transport costs, recycling costs and prices for natural (NA) and recycled aggregates (RA); the latter is dependent on demand, which in turn is dependent on acceptance. The closer the next quarry, the lower the economic feasibility of high-quality recycling; low-quality mobile recycling is often more feasible than high-quality recycling.

	What are the greatest obstacles for high-quality CDW recycling?
	Lack of acceptance (especially in public procurement); low demand; RA are often excluded from public tenders; perceived danger of pollution (e.g. heavy metals and asbestos); recycled materials have a bad reputation; increased bureaucracy.

	Are waste concrete and mixed mineral waste processed in mobile, semi-mobile or stationary processing plants?
	All options are technically possible; processing for road base layer and frost protection layer is more likely to take place in stationary plants while processing for lower-quality recycling is more likely to take place in mobile plants.

	Is backfilling in quarries and surface mines (de facto, not de jure) recycling or disposal?
	Often significant acceptance fees, which indicates low demand.

	Are the transfer coefficients given in Heyn and Mettke [2010] realistic?
	Yes, but can fluctuate significantly.

	Are there significant direct fine particulate 
matter emissions from CDW processing?
	No; Processing equipment is largely closed and CDW is irrigated for dust reduction.

	What fuel sources do mobile and stationary processing plants use?
	Diesel is common; newer stationary processing plants are more likely to use electricity; mobile processing plants are likely going to continue using diesel due to lack of electricity supply in mobile applications; new wheel loaders still use diesel.

	Is ferrous scrap recovered from CDW in low-quality recycling pathways?
	Yes, is removed in stationary and mobile processing, as it could damage wheel loaders and other equipment and its recovery is economically feasible.

	What transport distances are common for natural aggregate (quarry to construction site), waste concrete (demolition site to stationary processing), recycled aggregate (stationary or mobile processing to construction site) and recycled aggregate and soil and stones (demolition site to backfilling)?


	Transport distances for NA and backfilling vary significantly between regions; 50-100 km for NA and backfilling and 20-30 km (or lower) for CDW to stationary processing and to utilization in the Rhine-Main area; there is a lack of quarries in northern Germany, which means that transport distances are long; Stationary processing plants are generally located adjacent to urban centers (where most CDW is produced and most aggregate is needed), whereas quarries and surface mines are generally further away; transport is mostly by diesel truck but can take place by train or ship for long distances.

	What is the average amount of material processed in a mobile processing plant per demolition project? What is the weight of a processing plant? What transport distances are common for mobile processing plants (storage to demolition site)?
	Amount per project and distance for 40 t mobile processing plant depend on feasibility, which depends on boundary conditions. Could be 10-70 km (rarely up to 70 km) for 10,000 t of material (this information was given for a specific region).




Life Cycle Inventory
Supplementary Table 2 shows the background datasets used in this LCA. All datasets were taken from ecoinvent 3.9.1 with the system model “Substitution, consequential, long-term”. Supplementary Table 3 shows the life cycle inventory (LCI) of the high-quality stationary processing of waste concrete into RA for use in road base layers including the substitution of NA. Supplementary Table 4 shows the LCI of the low-quality mobile processing for concrete and mixed mineral waste. Both LCIs are documented as unit processes. Ferrous metal recovery is included in both LCIs. The iron scrap recycling and substitution of (mostly) primary steel from the converter route takes place in the ecoinvent background system. Energy demands for building machines are based on BGL [2020] and Heyn and Mettke [2010]. Additional data was taken from ecoinvent 3.9.1 consequential [Wernet et al. 2016] datasets. Numbers taken from ecoinvent were not documented in Supplementary Table 3 and Supplementary Table 4 and can be found in the ecoinvent database. The relevant parameters are documented in Supplementary Table 5. 
[bookmark: _Ref157154249]Supplementary Table 2. Datasets used in ecoinvent 3.9.1 consequential.
	Flow
	Dataset
	Reference process location

	cast iron
	market for cast iron
	GLO

	diesel, burned in building machine
	diesel, burned in building machine
	GLO

	electricity, medium voltage
	market for electricity, medium voltage
	DE

	excavation, hydraulic digger
	excavation, hydraulic digger
	RER

	gravel, crushed
	gravel production, crushed
	CH; electricity provider changed to DE)

	industrial machine, heavy, unspecified
	market for industrial machine, heavy, unspecified
	RER

	iron scrap, unsorted
	market for iron scrap, unsorted
	GLO

	lubricating oil
	market for lubricating oil
	RER

	sorting facility, for construction waste
	market for sorting facility, for construction waste
	GLO

	tap water
	market for tap water
	Europe without Switzerland

	transport, freight, conveyor belt
	transport, freight, conveyor belt
	GLO

	transport, freight, lorry 16-32 metric ton, EURO6
	transport, freight, lorry 16-32 metric ton, EURO6
	RER

	waste mineral oil
	market for waste mineral oil | waste mineral oil
	Europe without Switzerland

	waste plastic, mixture
	market for waste plastic, mixture
	DE
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[bookmark: _Ref157155725]Supplementary Table 3. LCI of high-quality stationary processing. Negative numbers indicate product or waste outputs or avoided flows.
	[bookmark: _Hlk158301393]Transport to stationary processing
	
	
	

	Flow
	Amount
	Unit
	Reference/comment

	concrete waste
	1.00E+00
	t
	reference flow

	transport, freight, lorry 16-32 metric ton, EURO6
	2.50E+01
	tkm
	parameters

	concrete waste 
	-1.00E+00
	t
	

	
	
	
	

	Transport, internal, wheel loader and excavator
	
	

	Flow
	Amount
	Unit
	Reference/comment

	concrete waste
	1.00E+00
	t
	reference flow

	excavation, hydraulic digger
	6.06E-01
	m3
	parameters

	concrete waste 
	-1.00E+00
	t
	

	
	
	
	

	Transport, internal, conveyor belt
	
	
	

	Flow
	Amount
	Unit
	Reference/comment

	concrete waste
	1.00E+00
	t
	reference flow

	transport, freight, conveyor belt
	1.00E-01
	tkm
	assumption: 100 m transport by conveyor belt

	concrete waste 
	-1.00E+00
	t
	

	
	
	
	

	Feeding, vibrating feed hopper
	
	
	

	Flow
	Amount
	Unit
	Reference/comment

	concrete waste
	1.00E+00
	t
	reference flow

	electricity, medium voltage
	1.20E-01
	kWh
	based on BGL [2020]

	concrete waste 
	-1.00E+00
	t
	

	
	
	
	

	Crushing 1, impact crusher
	
	
	

	Flow
	Amount
	Unit
	Reference/comment

	concrete waste 
	1.00E+00
	t
	reference flow

	electricity, medium voltage
	8.80E-01
	kWh
	based on BGL [2020]

	lubricating oil
	ecoinvent
	t
	ecoinvent 3.9.1 dataset: machine operation, diesel, >= 74.57 kw, steady-state; throughput = 150 t/h

	waste mineral oil
	ecoinvent
	t
	ecoinvent 3.9.1 dataset: machine operation, diesel, >= 74.57 kw, steady-state; throughput = 150 t/h

	concrete waste 
	-1.00E+00
	t
	

	 
	 
	 
	 

	Magnetic separation 1, magnetic separator
	
	

	Flow
	Amount
	Unit
	Reference/comment

	concrete waste 
	1.00E+00
	t
	reference flow

	electricity, medium voltage
	8.27E-02
	kWh
	adapted from Heyn and Mettke [2010]

	lubricating oil
	ecoinvent
	t
	ecoinvent 3.9.1 dataset: machine operation, diesel, < 18.64 kw, steady-state; throughput = 133 t/h

	waste mineral oil
	ecoinvent
	t
	ecoinvent 3.9.1 dataset: machine operation, diesel, < 18.64 kw, steady-state; throughput = 133 t/h

	iron scrap, unsorted
	-4.51E-03
	t
	parameters

	concrete waste 
	-9.95E-01
	t
	

	 
	 
	 
	 

	Manual screening 1
	
	
	

	Flow
	Amount
	Unit
	Reference/comment

	concrete waste 
	9.95E-01
	t
	reference flow

	inert waste, for final disposal
	-5.26E-03
	t
	parameters

	concrete waste 
	-9.90E-01
	t
	

	 
	 
	 
	 

	Air separation 1, wind sifter
	
	
	

	Flow
	Amount
	Unit
	Reference/comment

	concrete waste 
	9.90E-01
	t
	reference flow

	electricity, medium voltage
	7.43E-01
	kWh
	based on BGL [2020]

	lubricating oil
	ecoinvent
	t
	ecoinvent 3.9.1 dataset: machine operation, diesel, 18.64 KW - 74,57 kw, steady-state; throughput = 40 t/h

	waste mineral oil
	ecoinvent
	t
	ecoinvent 3.9.1 dataset: machine operation, diesel, 18.64 KW - 74,57 kw, steady-state; throughput = 40 t/h

	inert waste, for final disposal
	-5.26E-03
	t
	parameters

	concrete waste 
	-9.85E-01
	t
	parameters

	 
	 
	 
	 

	Sieving 1, vibrating screen
	
	
	

	Flow
	Amount
	Unit
	Reference/comment

	concrete waste 
	9.85E-01
	t
	reference flow

	electricity, medium voltage
	7.39E-02
	kWh
	based on BGL [2020]

	lubricating oil
	ecoinvent
	t
	ecoinvent 3.9.1 dataset: machine operation, diesel, < 18.64 kw, steady-state; throughput = 100 t/h

	waste mineral oil
	ecoinvent
	t
	ecoinvent 3.9.1 dataset: machine operation, diesel, < 18.64 kw, steady-state; throughput = 100 t/h

	gravel, crushed
	-2.64E-01
	t
	parameters; avoided production of NA

	transport, freight, lorry 16-32 metric ton, EURO6
	7.52E+00
	tkm
	parameters; transport from stationary processing to construction site

	transport, freight, lorry 16-32 metric ton, EURO6
	-1.32E+01
	tkm
	parameters; avoided transport of natural aggregate from quarry to construction site

	concrete waste 
	-6.84E-01
	t
	parameters

	 
	 
	 
	 

	Crushing 2, impact crusher
	
	
	

	Flow
	Amount
	Unit
	Reference/comment

	concrete waste 
	6.84E-01
	t
	reference flow

	electricity, medium voltage
	6.02E-01
	kWh
	based on BGL [2020]

	lubricating oil
	ecoinvent
	t
	ecoinvent 3.9.1 dataset: machine operation, diesel, >= 74.57 kw, steady-state; throughput = 150 t/h

	waste mineral oil
	ecoinvent
	t
	ecoinvent 3.9.1 dataset: machine operation, diesel, >= 74.57 kw, steady-state; throughput = 150 t/h

	concrete waste 
	-6.84E-01
	t
	

	 
	 
	 
	 

	Magnetic separation 2, magnetic separator
	
	

	Flow
	Amount
	Unit
	Reference/comment

	concrete waste 
	6.84E-01
	t
	reference flow

	electricity, medium voltage
	5.66E-02
	kWh
	adapted from Heyn and Mettke [2010]

	lubricating oil
	ecoinvent
	t
	ecoinvent 3.9.1 dataset: machine operation, diesel, < 18.64 kw, steady-state; throughput = 133 t/h

	waste mineral oil
	ecoinvent
	t
	ecoinvent 3.9.1 dataset: machine operation, diesel, < 18.64 kw, steady-state; throughput = 133 t/h

	iron scrap, unsorted
	-9.78E-03
	t
	parameters

	concrete waste 
	-6.74E-01
	t
	

	 
	 
	 
	 

	Manual screening 2
	
	
	

	Flow
	Amount
	Unit
	Reference/comment

	concrete waste 
	6.74E-01
	t
	reference flow

	inert waste, for final disposal
	-1.14E-02
	t
	parameters

	concrete waste 
	-6.63E-01
	t
	

	 
	 
	 
	 

	Air separation 2, wind sifter
	
	
	

	Flow
	Amount
	Unit
	Reference/comment

	concrete waste 
	6.63E-01
	t
	reference flow

	electricity, medium voltage
	4.97E-01
	kWh
	based on BGL [2020]

	lubricating oil
	ecoinvent
	t
	ecoinvent 3.9.1 dataset: machine operation, diesel, 18.64 KW - 74,57 kw, steady-state; throughput = 40 t/h

	waste mineral oil
	ecoinvent
	t
	ecoinvent 3.9.1 dataset: machine operation, diesel, 18.64 KW - 74,57 kw, steady-state; throughput = 40 t/h

	inert waste, for final disposal
	-1.14E-02
	t
	parameters

	concrete waste 
	-6.52E-01
	t
	parameters

	 
	 
	 
	 

	Sieving 2, vibrating screen
	
	
	

	Flow
	Amount
	Unit
	Reference/comment

	concrete waste 
	6.52E-01
	t
	reference flow

	electricity, medium voltage
	4.89E-02
	kWh
	based on BGL [2020]

	lubricating oil
	ecoinvent
	t
	ecoinvent 3.9.1 dataset: machine operation, diesel, < 18.64 kw, steady-state; throughput = 100t/h

	waste mineral oil
	ecoinvent
	t
	ecoinvent 3.9.1 dataset: machine operation, diesel, < 18.64 kw, steady-state; throughput = 100t/h

	gravel, crushed
	-5.73E-01
	t
	parameters; avoided production of NA

	transport, freight, lorry 16-32 metric ton, EURO6
	1.63E+01
	tkm
	parameters; transport from stationary processing to construction site

	transport, freight, lorry 16-32 metric ton, EURO6
	-2.86E+01
	tkm
	parameters; avoided transport of natural aggregate from quarry to construction site

	 
	 
	 
	 

	Facility
	
	
	

	Flow
	Amount
	Unit
	Reference/comment

	concrete waste 
	1.00E+00
	t
	reference flow

	sorting facility, for construction waste
	1.00E-07
	unit
	ecoinvent 3.9.1 dataset: treatment of waste concrete, not reinforced, sorting plant




[bookmark: _Ref157155732]Supplementary Table 4. LCI of low-quality mobile processing. Negative numbers indicate product or waste outputs or avoided flows.
	 Transport, mobile processing plant
	 
	 
	 

	Flow
	Amount
	Unit
	Reference/comment

	concrete waste 
	1.00E+00
	t
	reference flow

	transport, freight, lorry 16-32 metric ton, EURO6
	2.00E-01
	tkm
	assumption: mobile plant (40 t) is on average transported back and forth over 25 km for 10,000 t of material

	concrete waste 
	-1.00E+00
	t
	

	 
	 
	 
	 

	Transport, internal, wheel loader and excavator
	
	

	Flow
	Amount
	Unit
	Reference/comment

	concrete waste 
	1.00E+00
	t
	reference flow

	excavation, hydraulic digger
	6.06E-01
	m3
	parameters

	concrete waste 
	-1.00E+00
	t
	

	
	
	
	

	 Transport, internal, conveyor belt
	 
	 
	 

	Flow
	Amount
	Unit
	Reference/comment

	concrete waste 
	1.00E+00
	t
	reference flow

	transport, freight, conveyor belt
	1.00E-01
	tkm
	assumption: 100 m transport by conveyor belt

	concrete waste 
	-1.00E+00
	t
	

	 
	 
	 
	 

	Feeding, vibrating feed hopper
	
	
	

	Flow
	Amount
	Unit
	Reference/comment

	concrete waste 
	1.00E+00
	t
	reference flow

	diesel, burned in building machine
	2.67E-01
	kWh
	based on BGL [2020]

	concrete waste 
	-1.00E+00
	t
	

	 
	 
	 
	 

	Crushing 1, impact crusher
	
	
	

	Flow
	Amount
	Unit
	Reference/comment

	concrete waste 
	1.00E+00
	t
	reference flow

	diesel, burned in building machine
	1.96E+00
	kWh
	based on BGL [2020]

	lubricating oil
	ecoinvent
	t
	ecoinvent 3.9.1 dataset: machine operation, diesel, >= 74.57 kw, steady-state; throughput = 150 t/h

	waste mineral oil
	ecoinvent
	t
	ecoinvent 3.9.1 dataset: machine operation, diesel, >= 74.57 kw, steady-state; throughput = 150 t/h

	concrete waste 
	-1.00E+00
	t
	

	 
	 
	 
	 

	Magnetic separation 1, magnetic separator
	
	

	Flow
	Amount
	Unit
	Reference/comment

	concrete waste 
	1.00E+00
	t
	reference flow

	diesel, burned in building machine
	1.84E-01
	kWh
	adapted from Heyn and Mettke [2010]

	lubricating oil
	ecoinvent
	t
	ecoinvent 3.9.1 dataset: machine operation, diesel, < 18.64 kw, steady-state; throughput = 133 t/h

	waste mineral oil
	ecoinvent
	t
	ecoinvent 3.9.1 dataset: machine operation, diesel, < 18.64 kw, steady-state; throughput = 133 t/h

	iron scrap, unsorted
	-4.51E-03
	t
	parameters

	concrete waste 
	-9.95E-01
	t
	

	 
	 
	 
	 

	Manual screening 1
	
	
	

	Flow
	Amount
	Unit
	Reference/comment

	concrete waste 
	9.95E-01
	t
	reference flow

	inert waste, for final disposal
	-1.05E-02
	t
	parameters

	concrete waste 
	-9.85E-01
	t
	

	 
	 
	 
	 

	Sieving 1, vibrating screen
	
	
	

	Flow
	Amount
	Unit
	Reference/comment

	concrete waste 
	9.85E-01
	t
	reference flow

	diesel, burned in building machine
	1.64E-01
	kWh
	based on BGL [2020]

	lubricating oil
	ecoinvent
	t
	ecoinvent 3.9.1 dataset: machine operation, diesel, < 18.64 kw, steady-state; throughput = 100 t/h

	waste mineral oil
	ecoinvent
	t
	ecoinvent 3.9.1 dataset: machine operation, diesel, < 18.64 kw, steady-state; throughput = 100 t/h

	gravel, crushed
	0.00E+00
	t
	no substitution

	transport, freight, lorry 16-32 metric ton, EURO6
	1.50E+01
	tkm
	parameters; transport from mobile processing to quarry

	transport, freight, lorry 16-32 metric ton, EURO6
	0.00E+00
	tkm
	no avoided transport

	concrete waste 
	-6.84E-01
	t
	parameters

	 
	 
	 
	 

	Crushing 2, impact crusher
	
	
	

	Flow
	Amount
	Unit
	Reference/comment

	concrete waste 
	6.84E-01
	t
	reference flow

	diesel, burned in building machine
	1.34E+00
	kWh
	based on BGL [2020]

	lubricating oil
	ecoinvent
	t
	ecoinvent 3.9.1 dataset: machine operation, diesel, >= 74.57 kw, steady-state; throughput = 150 t/h

	waste mineral oil
	ecoinvent
	t
	ecoinvent 3.9.1 dataset: machine operation, diesel, >= 74.57 kw, steady-state; throughput = 150 t/h

	concrete waste 
	-6.84E-01
	t
	

	 
	 
	 
	 

	Magnetic separation 2, magnetic separator
	
	

	Flow
	Amount
	Unit
	Reference/comment

	concrete waste 
	6.84E-01
	t
	reference flow

	diesel, burned in building machine
	1.26E-01
	kWh
	parameters

	lubricating oil
	ecoinvent
	t
	ecoinvent 3.9.1 dataset: machine operation, diesel, < 18.64 kw, steady-state; throughput = 133 t/h

	waste mineral oil
	ecoinvent
	t
	ecoinvent 3.9.1 dataset: machine operation, diesel, < 18.64 kw, steady-state; throughput = 133 t/h

	iron scrap, unsorted
	-9.78E-03
	t
	parameters

	concrete waste 
	-6.74E-01
	t
	

	 
	 
	 
	 

	Manual screening 2
	
	
	

	Flow
	Amount
	Unit
	Reference/comment

	concrete waste 
	6.74E-01
	t
	reference flow

	inert waste, for final disposal
	-2.28E-02
	t
	parameters

	concrete waste 
	-6.52E-01
	t
	

	 
	 
	 
	 

	Sieving 2, vibrating screen
	
	
	

	Flow
	Amount
	Unit
	Reference/comment

	concrete waste 
	6.52E-01
	t
	reference flow

	diesel, burned in building machine
	1.09E-01
	kWh
	based on BGL [2020]

	lubricating oil
	ecoinvent
	t
	ecoinvent 3.9.1 dataset: machine operation, diesel, < 18.64 kw, steady-state; throughput = 100 t/h

	waste mineral oil
	ecoinvent
	t
	ecoinvent 3.9.1 dataset: machine operation, diesel, < 18.64 kw, steady-state; throughput = 100 t/h

	gravel, crushed
	0.00E+00
	t
	no substitution

	transport, freight, lorry 16-32 metric ton, EURO6
	3.26E+01
	tkm
	parameters; transport from mobile processing to quarry

	transport, freight, lorry 16-32 metric ton, EURO6
	0.00E+00
	tkm
	no avoided transport

	 
	 
	 
	 

	Facility
	
	
	

	Flow
	Amount
	Unit
	Reference/comment

	concrete waste 
	1.00E+00
	t
	reference flow

	sorting facility, for construction waste
	ecoinvent
	unit
	ecoinvent 3.9.1 dataset: treatment of waste concrete, not reinforced, sorting plant



[bookmark: _Ref157332486]Supplementary Table 5. Parameters used in LCI.
	Category
	Parameter
	Value
	Unit
	Reference/comment

	Transport
	Transport: waste generation to stationary processing
	25
	tkm/t material
	Estimate based on expert interviews and literature

	
	Transport: stationary processing to utilization in road base layer
	25
	tkm/t material
	Estimate based on expert interviews and literature

	
	Transport: quarry to utilization in road base layer
	50
	tkm/t material
	Estimate based on expert interviews and literature

	
	Transport: mobile plant to waste generation (and back)
	0.2
	tkm/t material
	Estimates based on expert interviews and literature: same distance as waste generation to stationary processing; plant (40 t) is transported for ca. 10,000 t of material on average

	
	Transport: waste generation to backfilling
	50
	tkm/t material
	Estimate based on expert interviews and literature

	Efficiency
	Efficiency diesel machines
	0.45
	-
	Estimate

	Material properties
	Bulk density concrete waste
	1.65
	t/m3
	Estimate based on expert interviews

	
	Compacted density NA for road base layer
	2.25
	t/m3
	Https://bonke-baulogistik.de/schuettgut-umrechnung.html; validated by expert interviews

	
	Compacted density RA for road base layer
	2.56
	t/m3
	Expert interviews

	
	Waste concrete: mass fraction fines
	0.0475
	t/t waste concrete
	Adapted from Heyn and Mettke [2010] and validated by expert interviews; 5% of 95% = 4,75% removed as fine material; assumption: use as filler material; no material substitution; assumption based on expert interviews: removed before transport to stationary processing by screening bucket, therefore not affected by change in demand for recycled road base layer

	
	Waste concrete: mass fraction metals
	0.0142875
	t/t waste concrete
	Adapted from Heyn and Mettke [2010] and validated by expert interviews

	
	Waste concrete: mass fraction waste
	0.0333375
	t/t waste concrete
	Adapted from Heyn and Mettke [2010] and validated by expert interviews

	
	Waste concrete: mass fraction concrete
	0.952375
	t/t waste concrete
	Adapted from Heyn and Mettke [2010] and validated by expert interviews

	Transfer coefficients (stationary processing)
	Separation coefficient for fines removed before transport to stationary processing
	100
	%
	See above

	
	Separation coefficient for ferrous metals
	100
	%
	Assumption

	
	TC magnetic separation 1
	4.51E-03
	t removed/t input
	Adapted from Heyn and Mettke [2010]

	
	TC manual screening 1
	1.05E-02
	t removed/t input
	Adapted from Heyn and Mettke [2010]

	
	TC sieving 1
	3.01E-01
	t removed/t input
	Adapted from Heyn and Mettke [2010]

	
	TC magnetic separation 2
	9.78E-03
	t removed/t input
	Adapted from Heyn and Mettke [2010]

	
	TC manual screening 2
	2.28E-02
	t removed/t input
	Adapted from Heyn and Mettke [2010]

	
	TC sieving 2
	6.52E-01
	t removed/t input
	Adapted from Heyn and Mettke [2010]

	Transfer coefficients (mobile processing)
	Separation coefficient for fines removed before transport to stationary processing
	100
	%
	Adapted from Heyn and Mettke [2010] and expert interviews

	
	Separation coefficient for ferrous metals
	100
	%
	Assumption

	
	TC magnetic separation 1
	4.51E-03
	t removed/t input
	Adapted from Heyn and Mettke [2010]

	
	TC manual screening 1
	1.05E-02
	t removed/t input
	Adapted from Heyn and Mettke [2010]

	
	TC sieving 1
	3.01E-01
	t removed/t input
	Adapted from Heyn and Mettke [2010]

	
	TC magnetic separation 2
	9.78E-03
	t removed/t input
	Adapted from Heyn and Mettke [2010]

	
	TC manual screening 2
	2.28E-02
	t removed/t input
	Adapted from Heyn and Mettke [2010]

	
	TC sieving 2
	6.52E-01
	t removed/t input
	Adapted from Heyn and Mettke [2010]

	Substitution factors
	Substitution factor NA/RA road base layer
	0.88
	t NA/t RA
	Assumption: substitution based on compacted density

	
	Substitution factor NA/RA quarry backfilling
	0
	t NA/t RA
	Assumption: no material substitution for backfilling

	
	Substitution factor NA/waste concrete
	0.837
	t NA/t waste concrete
	Calculated



Table 6. Transport distances for mineral waste, RA and NA used in different LCA studies.
	Reference
	waste generation to stationary processing
	stationary processing to road construction
	 quarry to road construction
	waste generation to backfilling / landfilling
	mobile plant to waste generation 

	Basti 2018
	n.a.
	n.a.
	n.a.
	187-284 km
	n.a.

	Blengini 2009
	20
	n.a.
	n.a.
	n.a.
	n.a.

	Blengini and Garbarino 2010
	20-25 km
	Up to 15-25 km
	50 km, 25 km and 15 km for type A, B and C respectively
	n.a.
	For each campaign of 5000 t the mobile plant (40 t) is transported for a distance of 100 km

	Borghi et al. 2018
	20-35 km
	10-30 km
	30-60 km
	n.a.
	n.a.

	Butera et al. 2015
	30 km
	30 km
	50 km
	50 km
	n.a.

	Chebbi et al. 2016
	30 km
	n.a.
	30 km
	n.a.
	n.a.

	Coelho and de Brito 2012
	n.a.
	n.a.
	n.a.
	48 km
	n.a.

	Di Maria et al. 2018
	5-50 km
	10-50 km
	50 km
	50 km
	n.a.

	Faleschini et al. 2017
	n.a.
	n.a.
	10 km
	10 km
	n.a.

	Guignot et al. 2015
	20 km
	30 km
	20-100 km
	n.a.
	n.a.

	Marinković et al. 2010
	n.a.
	15-100 km
	100 km
	n.a.
	n.a.

	Mercante et al. 2012
	15 km
	n.a.
	n.a.
	15 km
	n.a.

	Pantini et al. 2018
	n.a.
	n.a.
	30-60 km
	n.a.
	n.a.


 

Life cycle impact assessment results
Supplementary Table 7 shows the life cycle impact assessment results per functional unit (management of 1 t of waste concrete in Germany). The total results indicate no problem shifting. Supplementary Figure 1 shows the LCIA results for climate change including ferrous metal recovery.
[bookmark: _Ref157157686]Supplementary Table 7. Life cycle impact assessment results per functional unit.
	Impact category
	Unit
	RA - transport to stationary processing
	RA - stationary processing
	RA - transport to construction site
	RA - Iron scrap recycling
	NA - avoided production
	NA - avoided transport to construction site
	RA - avoided mobile processing
	RA - avoided iron scrap recycling
	RA - avoided transport to backfilling
	Total

	PMFP
	kg PM2.5 eq
	3.70E-03
	1.80E-03
	3.52E-03
	-6.99E-02
	-7.35E-03
	-6.19E-03
	-5.14E-03
	6.99E-02
	-7.05E-03
	-1.67E-02

	FRSP
	kg oil eq
	1.54E+00
	4.34E-01
	1.46E+00
	-7.41E+00
	-9.77E-01
	-2.57E+00
	-7.51E-01
	7.41E+00
	-2.93E+00
	-3.79E+00

	FETP
	kg 1,4-DCB
	1.34E-01
	1.40E-01
	1.28E-01
	-1.23E+01
	-4.43E-01
	-2.24E-01
	-4.07E-02
	1.23E+01
	-2.55E-01
	-5.62E-01

	FEP
	kg P eq
	4.84E-04
	1.11E-04
	4.61E-04
	-3.09E-02
	-9.94E-04
	-8.10E-04
	-1.18E-04
	3.09E-02
	-9.22E-04
	-1.79E-03

	GWP
	kg CO2 eq
	4.73E+00
	1.20E+00
	4.51E+00
	-2.87E+01
	-3.55E+00
	-7.92E+00
	-2.27E+00
	2.87E+01
	-9.01E+00
	-1.23E+01

	HTP-C
	kg 1,4-DCB
	6.42E-02
	1.18E-01
	6.12E-02
	9.64E+01
	-1.91E-01
	-1.08E-01
	-9.74E-02
	-9.64E+01
	-1.22E-01
	-2.76E-01

	HTP-NC
	kg 1,4-DCB
	4.08E+00
	8.04E-01
	3.89E+00
	-1.27E+02
	-6.15E+00
	-6.84E+00
	-6.36E-01
	1.27E+02
	-7.78E+00
	-1.26E+01

	IRP
	kBq Co-60 eq
	2.10E-02
	5.14E-03
	2.00E-02
	1.80E+00
	7.27E-03
	-3.51E-02
	-4.12E-03
	-1.80E+00
	-4.00E-02
	-2.59E-02

	LUP
	m2a crop eq
	2.00E-01
	9.30E-02
	1.90E-01
	-6.47E-01
	-4.92E-01
	-3.35E-01
	-8.99E-02
	6.47E-01
	-3.81E-01
	-8.14E-01

	METP
	kg 1,4-DCB
	2.27E-01
	1.74E-01
	2.16E-01
	-1.52E+01
	-5.70E-01
	-3.79E-01
	-5.67E-02
	1.52E+01
	-4.32E-01
	-8.20E-01

	MEP
	kg N eq
	1.31E-04
	2.81E-05
	1.25E-04
	3.49E-03
	-8.22E-05
	-2.20E-04
	-5.04E-05
	-3.49E-03
	-2.50E-04
	-3.18E-04

	MRSP
	kg Cu eq
	2.09E-02
	6.36E-03
	1.99E-02
	-2.86E+00
	-8.74E-02
	-3.50E-02
	-1.15E-02
	2.86E+00
	-3.98E-02
	-1.27E-01

	OFP-H
	kg NOx eq
	7.67E-03
	6.85E-03
	7.31E-03
	-7.94E-02
	-2.01E-02
	-1.28E-02
	-2.32E-02
	7.94E-02
	-1.46E-02
	-4.89E-02

	OFP-TE
	kg NOx eq
	8.71E-03
	7.16E-03
	8.30E-03
	-8.82E-02
	-2.09E-02
	-1.46E-02
	-2.39E-02
	8.82E-02
	-1.66E-02
	-5.18E-02

	ODP
	kg CFC11 eq
	2.15E-06
	5.22E-07
	2.05E-06
	-1.94E-06
	-1.28E-06
	-3.60E-06
	-8.06E-07
	1.94E-06
	-4.10E-06
	-5.07E-06

	TAP
	kg SO2 eq
	6.00E-03
	3.44E-03
	5.72E-03
	-7.93E-02
	-1.52E-02
	-1.00E-02
	-9.68E-03
	7.93E-02
	-1.14E-02
	-3.12E-02

	TETP
	kg 1,4-DCB
	9.31E+01
	8.00E+00
	8.86E+01
	-1.97E+02
	-2.65E+01
	-1.56E+02
	-6.33E+00
	1.97E+02
	-1.77E+02
	-1.76E+02

	WCP
	m3
	7.16E-03
	2.41E-03
	6.82E-03
	-3.10E-03
	-2.71E-01
	-1.20E-02
	-2.00E-03
	3.10E-03
	-1.36E-02
	-2.82E-01


PMFP = particulate matter formation potential; FRSP = fossil resource scarcity potential; FETP = freshwater ecotoxicity potential; FEP = freshwater eutrophication potential; GWP = global warming potential; HTP-C = human toxicity potential (carcinogenic); HTP-NC (human toxicity potential (non-carcinogenic); IRP = ionizing radiation potential; LUP = land use potential; METP = marine ecotoxicity potential; MEP = marine eutrophication potential; MRSP = mineral resource scarcity potential; OFP-H = ozone formation potential (human health); OFP-TE = ozone formation potential (terrestrial ecosystems); ODP = ozone depletion potential; TAP = terrestrial acidification potential; TETP = terrestrial ecotoxicity potential; WCP = water consumption potential.

[bookmark: _Ref157247838]Supplementary Figure 1. Impact assessment results for the impact category climate change including ferrous metal recovery.


Potential Significant Issues
Supplementary Table 8 summarizes the potential significant issues identified in this LCA by category and our reasoning for or against a sensitivity analysis and sensitivity check.
[bookmark: _Ref157154509]Supplementary Table 8. Potential significant issues and reasoning for or against a sensitivity check.
	Category
	Parameter
	Discussion
	Sensitivity check

	Affected technologies
	Stationary vs. mobile processing of waste concrete
	Uncertain, significant effect on processing and transport
	Yes

	
	Electricity or Diesel in stationary plant
	New stationary plants are generally electrically powered; low LCIA contribution
	No

	
	Marginal electricity mix
	Germany is moving towards renewable energy sources; low LCIA contribution
	No

	Transport
	RA: waste generation to stationary processing
	Significant issue according to body of literature; very uncertain and regionally specific; high LCIA contribution
	Yes

	
	RA: stationary processing to road base layer
	
	

	
	NA: quarry to road base layer
	
	

	
	RA: mobile plant to and from waste generation
	
	

	
	RA: waste generation to e.g. earthworks
	
	

	
	RA: waste generation to backfilling
	
	

	
	Means of transport
	Usually lorry; transport by ship or train only in special cases (e.g. Stuttgart 21)
	No

	Transfer coefficients
	Ferrous metal recovery
	Low uncertainty but very high LCIA contribution; may affect conclusions
	Yes

	
	Inert waste content
	Low LCIA contribution
	No

	
	Fines fraction for backfilling
	Potentially high LCIA contribution but low uncertainty
	No

	Substitution factors
	NA/RA (road base layer)
	Compacted densities can vary; potentially high LCIA contribution
	Yes

	
	NA/RA (earthworks)
	Low uncertainty
	No

	
	NA/RA (quarry backfilling)
	No substitution, therefore no uncertainty
	No

	Other
	Efficiency of diesel-powered machinery
	Low LCIA contribution
	No


[bookmark: _Ref157323105][bookmark: _Ref159575265]

[bookmark: _Ref162067944]Sensitivity Analyses
All baseline results are documented as “-100 %” to visualize the net reduction in environmental impacts due to the increase in high-quality recycling of demolition waste. Positive percentages in the following figures indicate a net increase in environmental impacts.
Transport Distances
In addition to the sensitivity analysis on transport in the full text, the baseline scenario was compared to a worst case and a best case (from the perspective of high-quality recycling) in terms of transport distances within the range determined in expert interviews in all 18 impact categories. 

[bookmark: _Ref157149255]Supplementary Figure 2. Sensitivity analysis: transport distances (18 impact categories).
The following transport distances were determined for this sensitivity analysis:
· Best case: 20 km from waste generation to stationary processing, 20 km from stationary processing to road base layer, 100 km from quarry to road base layer and 100 km from waste generation to backfilling.
· Worst case: 30 km for each of the four transport distances.
The results of the sensitivity analysis in Supplementary Figure 2 show that the savings in the best case increase significantly by between 60 % and 320 %. Even in the worst case, savings are expected in most impact categories. Exceptions are the impact categories terrestrial ecotoxicity, where the net savings are negligible and ionizing radiation, where we see net emissions. This shows that the transport effort can have a major impact on the results and should generally be classified as a significant issue. However, given the range of transport distances, the results still indicate an advantage of increasing high-quality recycling of demolition waste in terms environmental consequences.




Substitution Factor

[bookmark: _Ref157147031]Supplementary Figure 3. Sensitivity analysis: substitution factor (18 impact categories).
As the compacted density is not certain and can vary between different NAs and RAs, a sensitivity analysis was conducted, comparing the baseline scenario, in which a substitution factor of 0.88 t of NA per t of RA was calculated based on compacted densities of 2.25 t / m3 NA and 2.56 t /m3 RA, with a scenario with a substitution factor of 1:1. The results as shown in Supplementary Figure 3 (a) do not vary significantly and (b) improve in every impact category in favor of the original conclusions, i.e. in favor of increasing high quality recycling. The chosen substitution factor is therefore not a significant issue.
Mobile Processing for Road Base Layer
If the high-quality recycling of waste concrete into RA for base layers takes place onsite, i.e. by means of a mobile processing plant, the power source for the processing plant is changed to diesel. It further affects the transport, as in this case the transport steps for high-quality recycling are the following:
· Transport of the mobile plant to and from the waste generation site (same assumptions as for lower quality processing)
· Transport of the RA to its application in road base layers of 25 km.

[bookmark: _Ref157147156]Supplementary Figure 4. Sensitivity analysis: mobile processing for road base layer (18 impact categories).
The results in Supplementary Figure 4 show moderate to large improvements in most impact categories. Exceptions are PMFP and TAP with moderate reductions in net emission savings and OFP-H and OFP-TE with ca. 40 % reduction in emission savings. In all four impact categories, an increase in high quality recycling still causes net emission reductions. Therefore, this parameter is not a significant issue for this LCA.


LCA checklist
Supplementary Table 9 shows a checklist developed for this study based on Dierks et al. [2021]. It comprises important criteria for LCA studies for decision support. This checklist can easily be adjusted to assess LCA studies with focus on decision support.
[bookmark: _Ref157157746]Supplementary Table 9. LCA checklist for decision support, based on Dierks et al. [2021].
	Category
	#
	Criterion
	Rationale
	Check
	Section

	Goal
	1
	Is the goal of the LCA defined?
	ISO requirement
	Yes
	1

	
	2
	Is the intended application declared?
	ISO requirement
	Yes
	1

	
	3
	Is the intended audience stated?
	ISO requirement
	Yes
	1

	
	4
	Is decision support identified as the goal?
	Expert judgement based on ISO
	Yes
	1

	
	5
	Is the supported decision identified?
	Expert judgement based on ISO
	Yes
	1

	
	6
	Is the decision maker identified?
	Expert judgement
	Yes
	1

	
	7
	Is the temporal scope of the decision-making context identified?
	Expert judgement
	Yes
	1

	
	8
	Is the spatial scope of the decision-making context identified?
	Expert judgement
	Yes
	1

	
	9
	Is the quantitative scope of the decision-making context identified?
	Expert judgement
	No
	4.5 (quantity unknown)

	Functional unit
	10
	Is the common function defined?
	ISO requirement
	Yes
	2.1

	
	11
	Is the functional unit defined?
	ISO requirement
	Yes
	2.1

	
	12
	Does the functional unit contain the function?
	ISO requirement
	Yes
	2.1

	
	13
	Is a reference flow defined?
	ISO requirement
	Yes
	2.1

	
	14
	Is the waste composition defined?
	Body of literature
	Yes
	2.1, Supplementary Table 5

	
	15
	Are technical properties of the waste material defined?
	Body of literature
	Yes (assumed to be the same for NA and RA)
	2.1

	Multifunctionality
	16
	Is the study declared as CLCA?
	Expert judgement
	Yes
	1, 2.1

	
	17
	Are affected (marginal/incremental) supplying technologies identified?
	Expert judgement
	Yes
	2.3

	
	18
	Is allocation avoided in the foreground system?
	ISO requirement
	Yes
	2.1

	
	19
	Is the general approach to addressing multifunctionality stated?
	ISO requirement
	Yes
	2.1

	
	20
	Is the approach to addressing multifunctionality justified?
	ISO requirement
	Yes
	2.1

	
	21
	Is a sensitivity analysis conducted on allocation (if applicable)?
	ISO requirement
	Not applicable; allocation is avoided
	-

	Life cycle phases
	22
	Are "embodied impacts" excluded if not affected by decision?
	Expert judgement
	Yes
	2.1

	
	23
	Is the inclusion/exclusion of (avoided) landfilling justified?
	Expert judgement
	Yes
	1, 2.1

	
	24
	Are all material processing pathways included?
	Body of literature
	Yes
	2.1, 2.3

	
	25
	Are all relevant transport steps included?
	Body of literature
	Yes
	2.1, 2.3

	
	26
	Is leaching addressed?
	Body of literature
	No
	No; see 4.1, 4.4

	Inventory analysis
	27
	Is foreground inventory data documented completely and transparently?
	ISO requirement
	Yes
	2.3, Supplementary Table 3, Supplementary Table 4

	
	28
	Is the background database stated?
	Expert judgement based on ISO
	Yes
	2.2

	
	29
	Is the background database version stated?
	Expert judgement based on ISO
	Yes
	2.2

	
	30
	Are the used datasets (suppliers/providers) connected to the foreground system documented?
	Expert judgement based on ISO
	Yes
	Supplementary Table 2

	
	31
	ecoinvent 3 only: Is the system model stated?
	Expert judgement based on ISO
	Yes
	2.2

	
	32
	ecoinvent 3 only: Is the system model choice justified?
	Expert judgement
	Yes
	2.2

	
	33
	Are technical parameters for substitution defined?
	Body of literature
	Yes
	2.1

	
	34
	Is a substitution factor used?
	Body of literature
	Yes
	2.1

	
	35
	Are potential second-order substitution effects identified?
	Body of literature
	Yes
	2.1

	Impact assessment
	36
	Is the LCIA methodology stated?
	ISO requirement
	Yes
	3

	
	37
	Are choices regarding LCIA methodology justified?
	ISO requirement
	Yes
	3

	
	38
	Are unweighted LCIA results provided?
	ISO requirement
	Yes
	3

	
	39
	Is the choice of impact categories justified?
	ISO requirement
	Yes
	3

	Interpretation
	40
	Are significant issues identified?
	ISO requirement
	Yes
	4, Supplementary Table 8

	
	41
	Are sensitivity analyses performed?
	ISO requirement
	Yes
	4.3, SM section 5

	
	42
	Is the sensitivity check documented?
	ISO requirement
	Yes
	4.3, SM section 5

	
	43
	Is the completeness check documented?
	ISO requirement
	Yes
	4.1

	
	44
	Is the consistency check documented?
	ISO requirement
	Yes
	4.2

	
	45
	Are limitations discussed?
	ISO requirement
	Yes
	4.4

	
	46
	Are conclusions drawn?
	ISO requirement
	Yes
	4.5

	
	47
	Are recommendations formulated in regard to the specific decision-making context?
	ISO requirement
	Yes
	4.5
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Global warming [kg CO2 eq]	
RA - transport to stationary processing	RA - stationary processing	RA - transport to construction site	RA - Iron scrap recycling	NA - avoided production	NA - avoided transport to construction site	RA - avoided mobile processing	RA - avoided iron scrap recycling	RA - avoided transport  to backfilling	Total	4.7314814748826626	1.1998622153231426	4.5061446696413752	-28.725816858610507	-3.5537066193170608	-7.9209574271039802	-2.2738855797704667	28.725816858610507	-9.0122893392827503	-12.323350605627075	
kg CO2e / t of waste concrete



baseline	PMFP	FRSP	FETP	FEP	GWP	HTP-C	HTP-NC	IRP	LUP	METP	MEP	MRSP	OFP-H	OFP-TE	ODP	TAP	TETP	WCP	-1	-1	-1	-1	-1	-1	-1	-1	-1	-1	-1	-1	-1	-1	-1	-1	-1	-1	transport best case	PMFP	FRSP	FETP	FEP	GWP	HTP-C	HTP-NC	IRP	LUP	METP	MEP	MRSP	OFP-H	OFP-TE	ODP	TAP	TETP	WCP	-1.8783570640616705	-2.6081136798919995	-1.9458310599818331	-2.0742121576027945	-2.5229807308556009	-1.9248907079432387	-2.2833847637647215	-4.2208974549897853	-1.9749159828562803	-2.0958319814423665	-2.637052215964053	-1.6554705209741547	-1.6227660044551819	-1.6676128385439579	-2.6857255210094682	-1.7625812300954715	-3.0954351118513199	-1.1007491404888188	transport worst case	PMFP	FRSP	FETP	FEP	GWP	HTP-C	HTP-NC	IRP	LUP	METP	MEP	MRSP	OFP-H	OFP-TE	ODP	TAP	TETP	WCP	-0.59700469506424902	-0.26218813587872947	-0.56604723519555122	-0.50714524453527965	-0.30124762564745394	-0.57565478991395413	-0.41117564213390506	0.47776639495354978	-0.55270290423676893	-0.49722594422180383	-0.24891096803217802	-0.69926633110356107	-0.71427135257670837	-0.69369536552260957	-0.22657937395549962	-0.65012331780025823	-3.8602242271816779E-2	-0.95377571120614768	



baseline	PMFP	FRSP	FETP	FEP	GWP	HTP-C	HTP-NC	IRP	LUP	METP	MEP	MRSP	OFP-H	OFP-TE	ODP	TAP	TETP	WCP	-1	-1	-1	-1	-1	-1	-1	-1	-1	-1	-1	-1	-1	-1	-1	-1	-1	-1	substitution factor 1:1	PMFP	FRSP	FETP	FEP	GWP	HTP-C	HTP-NC	IRP	LUP	METP	MEP	MRSP	OFP-H	OFP-TE	ODP	TAP	TETP	WCP	-1.1116549027785649	-1.1289409094258511	-1.1637317229615143	-1.1390342090684669	-1.1282552699040482	-1.1493703264726074	-1.1417412652500694	-1.1484922466423524	-1.1399244422477881	-1.159361311887017	-1.1307983843523737	-1.1332566097325272	-1.0928366195103323	-1.0944705008649884	-1.1328322662803694	-1.1114887893527927	-1.1425491764107591	-1.1381443687726405	



baseline	PMFP	FRSP	FETP	FEP	GWP	HTP-C	HTP-NC	IRP	LUP	METP	MEP	MRSP	OFP-H	OFP-TE	ODP	TAP	TETP	WCP	-1	-1	-1	-1	-1	-1	-1	-1	-1	-1	-1	-1	-1	-1	-1	-1	-1	-1	mobile processing	PMFP	FRSP	FETP	FEP	GWP	HTP-C	HTP-NC	IRP	LUP	METP	MEP	MRSP	OFP-H	OFP-TE	ODP	TAP	TETP	WCP	-0.87817907094331693	-1.2402845916729583	-1.3933254764445053	-1.2539122271094392	-1.2145900389275908	-1.3070667592548979	-1.3235970182408281	-1.8335550362698723	-1.2534995892309102	-1.3991065433407379	-1.2821139698735888	-1.0914650795427345	-0.59310468592788734	-0.62255997626217774	-1.2968328185125562	-0.84764539311912157	-1.530226898141857	-1.0247613479825526	



