
Anticipating urban mining  

Abstract  

In	recent	years	there	has	been	growing	interest	in	urban	mining	from	various	environmental	and	

economic	perspectives.	Materials	hidden	in	buildings	are	attractive	alternatives	to	raw	ones,	while	

building	activities	are	responsible	for	a	large	share	of	waste.	The	paper	is	a	summary	of	findings	from	

an	analysis	of	possibilities	for	urban	mining	in	Amsterdam,	focusing	on	prospecting	for	metals	in	

residential	buildings.	Both	global	literature	and	interviews	with	Dutch	demolition	experts	suggest	

that	performance	in	metal	recovery	from	buildings	is	as	high	as	it	can	get.	However,	estimation	of	

metal	content	in	buildings	and	of	waste	processing	rates	is	far	from	reliable,	accurate	and	precise	

enough	to	support	such	claims	or	identify	possibilities	for	further	improvement,	especially	in	relation	

to	processes	of	urban	and	real-estate	redevelopment	and	rejuvenation.	To	improve	understanding	

and	embedding	of	urban	mining	in	these	processes,	we	propose	(a)	a	BIM-based	information	

infrastructure	that	connects	to	municipal	and	owner	information	processes,	so	as	to	progressively	

collect	all	relevant	information,	allow	for	validation,	verification	and	localization	of	valuable	

resources,	as	well	as	identify	opportune	moments	for	their	extraction,	and	(b)	policies	that	

overcome	the	fragmented	institutional	character	of	the	building	sector,	making	information	sharing	

a	consequence	of	networking	based	on	trust	and	shared	values,	driven	by	both	demand	and	soft	

incentives	relating	to	circularity.		
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Urban mining  

Importance for Amsterdam  

The	paper	departs	from	a	feasibility	study	forf	urban	mining	in	Amsterdam,	in	particular	for	metals	in	

residential	buildings.	Recovering	resources	from	the	anthroposphere	in	a	densely	populated	city	is	a	

complex	task,	which	is	nevertheless	justified	by	the	joint	imperative	of	reducing	unprocessed	waste	

and	extracting	value	from	existing	stock.	Moreover,	cities	seem	to	be	the	right	place	for	it,	as	the	

larger	the	size	of	a	community,	the	higher	the	building	and	demolition	activity	[1],	and	also	because	

higher	waste	generation	rates	(WGR)	for	construction	and	demolition	waste	(C&DW)	have	been	

observed	in	countries	with	higher	population	densities	[2].	The	underlying	reasons	for	both	include	

higher	economic	activity,	population	mobility,	higher	living	standards	and	stricter	environmental	

regulations:	all	characteristic	of	old	yet	still	dynamic	urban	centres	like	Amsterdam.		

The	focus	on	metals	was	opportunistic:	given	the	high	demand	on	metals,	one	should	expect	that	

there	is	substantial	interest	in	their	recovery,	resulting	into	either	advanced	existing	practices	or	

emerging	opportunities.	The	restriction	to	residential	buildings,	on	the	other	hand,	directed	research	

towards	the	arguably	most	difficult	case	among	building	stock.	Residential	properties	have	smaller	

sizes,	distributed	ownership	and	a	longer	life	than	other	types	of	buildings,	as	well	as	higher	diversity	

in	their	construction	and	materials.	When	it	comes	to	metal	recovery,	they	cannot	be	considered	the	

easiest	proposition,	so	the	results	of	this	research	could	be	generalized	to	all	types	of	building	stock	

with	more	reliability	than	if	the	research	considered,	for	example,	industrial	buildings.		

Approach 

Obtaining	an	overview	of	the	worldwide	state	of	the	art	in	the	recovery	of	metals	from	the	buildings	

was	based	on	exploratory	literature	review,	starting	with	journal	papers	in	Scopus	but	not	restricted	

to	it.	Particular	attention	was	given	to	papers	that	included	actual	cases	as	source	of	quantitative	

information,	so	as	to	establish	a	reliable	picture	of	what	is	available	and	how	it	is	currently	



processed.	The	findings	were	corroborated	by	semi-structured	interviews	with	Dutch	experts	in	

building	demolition	and	waste	management.	These	revealed	local	practices,	experiences	and	

performance,	which	were	considered	against	the	overview	of	possibilities	from	the	literature	review,	

so	as	to	identify	relevant	factors	and	possible	improvements	that	would	stimulate	urban	mining	in	

Amsterdam.	Such	factors	and	improvements	were	assumed	to	relate	to	stakeholder	processes,	for	

example,	planned	renovation	projects	of	housing	corporations,	which	could	provide	structural	

opportunities	for	resource	recovery.		

Literature review 

C&DW 

Construction	and	demolition	(C&D)	are	widely	acknowledged	as	one	of	the	most	important	sources	

of	waste.	C&DW	in	the	Netherlands	in	2010	(a	lean	year	for	the	building	industry)	amounted	to	

24	Mt,	while	industry	produced	15	Mt	and	consumers	9	Mt	[3].	C&DW	is	generally	divided	into	

waste	generated	from	new	construction,	renovation	and	demolition.	Demolition	contributes	up	to	

70%	of	C&DW	in	some	contexts	[4].	In	others	it	is	calculated	at	55%,	with	renovation	producing	29%	

and	new	construction	16%,	while	demolition	is	8%	of	the	total	building	and	construction	activity,	

renovation	40%	and	new	construction	52%	[5].	Waste	generation	per	gross	floor	area	(WGA)	at	

demolition	is	reported	as	being	twenty	times	more	[5]	or	even	fifty	times	more	than	new	

construction	[4].	Renovation	WGA	is	estimated	at	five	times	more	than	new	construction	[5].		

Metals from anthropocentric stock  

Given	the	high	prices	for	metals	in	the	recent	past,	interest	in	recycling	metals	from	waste	is	hardly	

surprising.	30%	of	copper	consumed	in	Europe	and	50%	of	iron	in	the	USA	originates	from	secondary	

sources	[6],	while	in	Australia	65%	of	steel	is	recycled,	including	upscaling	of	old	cast	iron	[7].	

Ambitions	for	the	future	remain	high:	in	China,	copper,	iron,	aluminium	and	lead	substitution	rates	

in	(replacement	of	primary	metal	sources	by	secondary	ones)	through	urban	mining	can	be	up	to	



50%	by	2030	[8,	9].	Recycling	of	metals	is	also	significant	within	the	waste	industry	itself,	as	it	

significantly	reduces	its	net	carbon	footprint	[10].		

With	the	worldwide	popularity	of	reinforced	concrete	as	building	material	and	the	increasing	

quantities	of	wiring	and	piping	in	buildings,	it	is	even	less	surprising	that	buildings	contain	50%	or	

possibly	more	of	all	metals	in	use	[11].	This	makes	C&DW	important	in	comparison	to	other	waste	

sources.	For	copper	recovery	it	is	one	of	the	most	promising	sources,	together	with	electrical	and	

electronic	equipment	(the	clear	leader)	and	end-of-life	vehicles,	especially	in	terms	of	mass	flow,	

where	it	competes	with	industrial	and	municipal	solid	waste	[2].	Metals	in	generally	represent	3%	of	

all	C&DW	according	to	most	sources	[2,	12],	although	some	estimates	go	up	to	13,5%	[13]	–	

something	that	can	be	attributed	not	only	to	regional	differences	and	variety	in	construction	types	

but	also	to	how	waste	generation	is	estimated	(discussed	further	below).	Distinction	between	types	

of	C&D	is	important	here,	too.	In	Norway	it	is	estimated	that	renovation	produces	eight	times	more	

metal	waste	than	new	construction,	while	demolition	goes	up	to	eighty	times	more	[5].		

Residential buildings  

In	demolition,	non-residential	buildings	dominate	in	terms	of	floor	area	in	most	European	countries.	

Furthermore,	the	demolished	non-residential	buildings	are	much	larger	and	newer	than	residential	

ones	[1].	In	terms	of	WGA,	there	are	relatively	small	differences	between	residential	and	non-

residential	buildings,	except	for	renovation,	where	non-residential	building	produce	four	times	more	

C&DW	[14].		

Current performance  

The	combination	of	high	metal	prices,	the	theoretical	100%	recyclability	of	metals,	their	potentially	

endless	lifecycle	and	their	high	efficiency	of	separation	from	other	waste,	as	well	as	measures	like	

landfill	bans	for	recyclable	waste,	expectations	are	high:	100%	recycling	of	metals	is	a	key	goal	in	the	

global	C&DW	industry	[10].	Of	metals	embedded	in	concrete,	90%	is	expected	to	be	recovered	and	

recycled	[9].		



Such	expectations	are	not	out	of	tone	with	general	recycling	performance	in	C&D:	annually	94%	of	

C&DW	in	the	Netherlands	is	successfully	recycled	[3],	albeit	mostly	in	downgraded	forms,	e.g.	as	

materials	for	road	building	[15].	By	comparison,	the	target	set	by	the	European	Commission	in	2008	

is	70%	recycling	of	C&DW	by	2020	[16].	Metal	recycling	is	a	major	contributor	to	this	success:	it	

performs	so	well	that	assessments	of	C&DW	management	suggest	that	further	improvement	is	not	

expected	to	have	an	effect	on	overall	performance	[13,	17].		

Estimation approaches  

There	are	two	fundamental	approaches	to	estimating	the	quantities	and	composition	of	metals	in	

use	[18]:		

1. Top	down:	estimations	from	the	balance	between	the	amount	of	metals	entering	use	and	

the	amount	of	metals	exiting	use	in	end-of-life	products	or	other	waste.	This	approach	

requires	reliable	data	over	several	decades.		

2. Bottom	up:	estimations	based	on	inventories	of	all	metal	products	in	use	and	the	application	

of	proxy	indicators	to	cover	gaps	and	simplify	counting.	This	approach	is	popular	because	of	

the	availability	of	data	on	proxy	indicators	like	buildings	or	motor	vehicles	[11].	The	main	

problem	lies	in	the	reliability	of	estimating	the	metal	composition	of	such	indicators	[19].		

Estimating	the	metal	content	of	a	building	can	be	done	in	a	number	of	complementary	manners,	

ranging	from	construction	information	in	conjunction	with	site	visits	to	lifetime	analyses	(top-down	

approach)	to	end-of-life	investigations	through	inspections	prior	to	demolition	and	generalization	

from	precedents	[20,	21].	Typically,	combinations	of	the	above	are	applied	to	arrive	at	reliable	

results.	However,	what	holds	for	one	building	may	not	apply	to	another:	with	buildings	it	is	more	

difficult	to	generalize	than	with	e.g.	motor	vehicles	because	buildings	are	seldom	mass	produced	in	

an	industrialized	manner	[22].	Still,	common	characteristics	and	components	lead	to	the	recognition	

of	fairly	standardized	types	at	some	abstraction	level.	At	such	levels	we	are	tempted	to	apply	rules	of	

thumb	like	the	ones	found	in	technical	textbooks	on	construction	to	arrive	at	some	basic	estimates	



across	a	range	of	buildings.	As	a	result,	C&DW	literature	abounds	with	generic	categories	like	

residential	versus	non-residential	or	small	versus	large	buildings.	The	most	useful	categorizations	

involve	basic	features	like	the	type	of	load-bearing	structure	(steel	frame,	reinforced	concrete,	wood	

frame	etc.),	which	have	bearing	on	the	material	composition	of	a	building.	As	a	result,	literature	

contains	a	wide	range	of	various	estimates	for	the	metal	content	of	buildings:		

• 14-75	kg/m2	of	steel	in	Chinese	residential	buildings,	depending	on	the	period	and	type	of	

construction	[23]	

• 606	kg/c	of	iron	in	residential	buildings	in	New	Haven,	CT;	for	copper	in	the	same	

municipality	we	have	a	more	analytical	breakdown	[18]:		

o 28	kg/c	in	plumbing	(as	opposed	to	32	on	average	in	the	USA)		

o 25	kg/c	in	wiring	(28	in	the	USA)		

o 3.1	kg/c	in	air	conditioning	and	refrigeration	(16	in	the	USA)		

• 195	kg	of	copper	per	single	family	house	in	Australia	or	110	kg	per	shared	living	complex	and		

• 290	kg	of	zinc	per	single	family	house	in	Australia	or	188	kg	per	shared	living	complex	[11]	

• 80	kg/c	of	copper	in	Switzerland	(40%	in	the	roof	and	30%	in	power	systems),	with	a	

comparable	60	kg/c	in	Stockholm,	while	in	Cape	Town	its	5-10%	of	European	cities,	out	of	

which	one	third	is	in	sanitation	and	two	thirds	in	power	systems	[24]	

Probably	the	best	illustration	of	the	fuzziness	can	be	found	in	a	comparison	between	estimations	of	

a	study	on	a	number	of	German	buildings	with	the	results	of	precedent	research	[20]:		

• steel:	study	0,1-8,6	kg/m3	–	others	2,08-37		

• aluminium:	study	0,03-0,5	kg/m3	–	others	0,013		

• copper:	study	0,002-0,5	kg/m3	–	others	0,05-0,24	

In	terms	of	C&DW,	similar	variation	can	be	observed:		

• Metal	waste	in	Florida	[12]:		

o Residential	construction	or	extension:	0,30	kg/m2	(wood	frame)	or	1,5	(concrete)		



o Residential	demolition:	10	kg/m2	(wood	frame)	or	15	(concrete)		

o Residential	alterations:	0,75	kg/m2	–	but	roof	replacement:	6,8		

• Metal	waste	in	residential	renovation:	0,4-6,8	kg/m2	[14]	

• Steel	C&DW	[25]:		

o Construction	waste	in	China:	4	kg/m2	but	5,1	according	to	transportation	records,	

while	in	other	research	it	has	been	reported	as	6	kg/m2	

o In	the	USA:	0,9	kg/m2	

o In	Norway:	0,48	kg/m2	

o In	Korea	4,53	kg/m2	

Interview results 

Interviews	with	Dutch	experts	from	small	and	large	demolition	and	waste	processing	firms	support	

the	findings	from	the	literature	review.	According	to	the	Dutch	Association	of	Waste	Companies	

[26],	based	on	research	of	Statistics	Netherlands	(CBS),	Eurostat	and	Rijkswaterstaat	(the	Dutch	

Agency	for	national	infrastructure	construction	and	maintenance),	about	40%	of	waste	in	the	

Netherlands	is	generated	by	the	C&D	industry.	C&DW	is	the	largest	contributor	to	the	waste	

production	of	the	country.	C&DW	consist	of	multiple	waste	types.	90%	of	the	total	weight	is	

concrete,	brick	or	asphalt.	The	other	10%	contains	plastics,	wood	and	metals	[27].	

Motivated	by	ease	of	extraction,	value,	regulations	and	social	involvement,	metals	appear	to	be	in	a	

closed-loop	waste	system.	As	a	valuable	commodity,	they	receive	particular	attention,	even	in	

residential	buildings,	even	though	the	concentration	of	wiring	and	piping	is	lower	than	in	non-

residential	buildings	like	factories	and	offices,	which	moreover	employ	higher	quantities	of	metals	in	

their	construction	and	outer	envelope.	Estimates	from	interviewed	specialists	vary	from	5m3	of	iron	

(primarily	heating	services	and	construction	steel)	and	1,5m3	of	all	other	metals	(excluding	iron)	to	

150	kg	of	ferrous	metals	per	single-family	house.	Aluminium	is	not	widely	used	for	window	frames	in	



residential	buildings;	the	estimations	given	were	5	to	10%	of	all	window	frames	in	residential	

buildings.		

Concerning	performance,	interviews	suggest	that	metals	are	practically	always	recovered	at	some	

point	in	the	processing	chain	and	mostly	recycled.	In	demolition	projects,	the	metals	present	are	

identified	by	visual	inspections	beforehand,	mostly	based	on	experience	rather	than	documentation.	

Demolition	experts	can	be	considered	experts	on	value	recognition,	too.	They	are	quite	aware	of	the	

potential	value	of	materials	in	general	and	in	many	cases	of	the	value	of	particular	materials	and	

components	to	specific	potential	buyers.	Demolition	firms	are	well	connected	and	capable	of	

recognizing	or	even	anticipating	market	demand	for	materials	from	secondary	sources.		

Most	of	the	easy	to	remove	metals	need	to	be	extracted	quickly	by	demolition	workers,	before	petty	

criminals	get	to	them.	Depending	on	the	time	frame	of	the	project,	the	experience	of	the	demolition	

firm	and	current	demand,	the	harder	to	reach	metals	may	also	extracted	on	site.	When	time	or	

experience	is	limited	or	demand	lags	behind,	mixed	waste	is	delivered	to	waste	processing	facilities	

and	metals	are	extracted	off	site.		

Waste	separation	at	the	source,	as	required	by	Dutch	national	building	regulations	[28],	mainly	

concerns	hazardous	substances	but	C&DW	firms	appear	willing	to	go	beyond	their	legal	obligations.	

In	case	of	metals,	there	is	a	clear	financial	drive	but	corporate	responsibility,	including	

environmental	awareness,	is	also	becoming	a	factor.	Some	demolition	firms	initiate	far-reaching	

agreements	with	manufacturers	so	as	to	reduce	the	need	for	materials	from	primary	sources,	e.g.	on	

how	to	supply	C&DW	for	direct	re-entry	in	production	processes.		

The	overall	chain	seems	highly	variable	and	dependent	on	time,	opportunity	and	personal	

preferences	but	in	terms	of	recovery	interviewees	thought	there	was	little	improvement	possible.	

The	industry	appears	aware	of	opportunities,	skilled	and	knowledgeable.	What	seems	variable	and	

ad	hoc	could	also	be	viewed	as	adaptability	to	situations	and	conditions,	allowing	to	take	into	

account	financial,	time	and	other	constraints.		



Demolition	and	waste	processing	experts	also	appears	aware	of	dangers,	in	particular	concerning	

pollutants	that	may	render	C&DW	recycling	unfeasible.	In	the	Netherlands,	this	primarily	refers	to	

asbestos,	which	can	be	present	in	piping,	plating	(especially	around	heating	boilers),	façade	

elements	and,	most	disturbingly	for	metal	recovery,	pastes	and	sealants.	Proximity	to	asbestos	

means	that	metal	components	are	currently	excluded	from	further	processing,	at	least	until	

decontamination.		

The state of the art: findings and directions 

Estimation 

An	acknowledged	problem	in	literature	is	that	gross	estimates	involving	abstract	proxies	cannot	be	

easily	validated	due	to	regional,	typologic	and	other	variations	[19].	Buildings	in	Switzerland	and	

Sweden	may	be	similar	but	those	in	Cape	Town	have	flat	roofs	and	no	heating,	resulting	into	

different	metal	content	[24].	Equally	important	to	environmental	and	typologic	factors	and	features	

are	the	dynamics	of	buildings,	which	make	estimations	rather	hard,	e.g.	through	renovations	that	

result	into	hibernating	metal	stock	like	old	piping	[20]	or	unreported	or	poorly	documented	changes	

like	details	modified	by	contractors	during	construction	[15].		

Concerning	C&DW,	we	often	lack	actual	data	and	opportunities	for	verification	[21].	While	we	know	

that	metals	are	present,	confidence	in	estimations	tends	to	be	weak,	so	wide	ranges	are	applied	to	

compensate	for	the	low	reliability	[14].	Furthermore,	there	is	variation	due	to	the	type	of	C&D	

activity:	new	construction	projects	may	be	precisely	reported,	while	renovation	and	demolition	are	

generally	insufficiently	documented	[5].	In	the	end,	all	we	have	is	estimates	that	are	useful	in	the	

absence	of	precise	and	accurate	data,	primarily	for	high	abstraction	levels	that	paint	a	vague	picture	

of	potential	rather	than	support	for	policy,	planning,	design	or	management.	It	is	therefore	

questionable	whether	it	makes	sense	to	continue	with	the	refinement	of	such	indicative	estimations.		



From	a	methodological	viewpoint,	the	units	applied	to	C&DW	measurement	are	a	matter	for	

concern	[29].	For	waste,	mass	(kg)	seems	a	safe	choice,	certainly	for	metal	to	be	recycled.	For	the	

sources	of	the	waste,	leaving	grand	totals	and	estimations	per	capita	aside,	there	is	too	much	

emphasis	on	the	gross	floor	area	of	buildings	(m2),	which	seems	a	poor	proxy,	as	it	bears	an	

uncertain	relation	to	the	‘solids’	of	architecture:	the	walls,	floors,	roofs	etc.	that	contain	the	metals	

that	interest	this	study.	It	seems	that	estimation	methods	are	based	on	the	availability	rather	than	

the	relevance	of	data.		

Validation, verification and localization 

Abstract	projections	make	urban	mining	initially	quite	attractive	but	closer	inspection	of	existing	

practices	and	possibilities	suggests	that	expectations	may	have	to	be	lowered	because	of	

uncertainty.	Real	opportunities	require	precise	and	comprehensive	processes	of	data	collection,	

estimation,	validation	and	verification.	These	can	be	beneficial	to	C&DW	management,	at	both	

project	and	policy	level,	provided	they	go	beyond	static	estimations	to	take	into	account	the	lifecycle	

dynamics	of	a	building	and	provide	a	permanently	up-to-date	picture	of	true	possibilities.	The	

problem	is	that	information	on	the	structure	and	material	content	of	buildings	is	physically	

widespread,	i.e.	in	hands	of	various	stakeholders	and	in	various	forms,	including	different	versions	of	

the	same	documents.	Especially	during	use,	a	building	may	be	modified	and	refurbished	many	times,	

without	adequate	documentation	for	the	planning	or	registration	of	the	changes.		

Many	owners	(particularly	institutional	ones)	and	local	authorities	have	been	propagating	the	need	

to	collect	and	organize	existing	information	towards	a	complete,	coherent	and	consistent	

information	system	that	describes	the	building	dynamically	(i.e.	including	its	history).	To	collect	

existing	information	in	an	efficient	and	effective	manner,	one	needs	two	things.	The	first	is	

connections	to	existing	information	processes,	from	design	and	facilities	management	to	weather	

data	and	building	permit	applications.	Such	connections	provide	access	to	valuable	information,	

such	as	precise	descriptions	of	zinc	or	lead	on	the	roof	of	a	protected	monument.	They	also	allow	



stakeholders	to	explicitly	include	recovery	of	materials	in	their	policies	and	activities,	e.g.	in	the	

demolition	plan	of	a	building.		

The	second	thing	is	to	integrate	this	information	in	a	comprehensive	hierarchical	representation	that	

covers	all	necessary	abstraction	levels,	so	as	to	not	only	facilitate	corresponding	levels	of	decision	

making	(from	policy	development	to	site	planning)	but	also	deal	with	questions	of	incompleteness	

and	uncertainty.	One	should	expect	that	initially	information	will	be	lacking,	vague	or	conflicting	but	

even	at	later	stages	it	is	often	not	possible	to	ascertain	critical	details	without	destructive	research	

into	the	actual	building.	Allowing	for	missing	and	vague	information	in	the	representation	is	

therefore	a	pragmatic	necessity,	which	can	be	counterbalanced	by	the	hierarchical	structure	and	

mechanisms	of	inheritance,	parameterization	and	constraint	propagation	it	supports.		

A	comprehensive	representation	that	can	accommodate	details	of	the	building	when	relevant	is	also	

useful	for	the	localization	of	metals.	Knowing	with	growing	precision	and	accuracy	where	specific	

metal	components	can	be	found	in	a	building	supports	better	planning	in	demolition	activities	and	

helps	identify	possibilities	for	the	building	stock	of	a	city	in	general.	Current	estimates	based	on	

proxies	fail	to	address	issues	of	localizations	and	hence	also	of	e.g.	selective	demolition.		

Opportunities for urban mining 

There	is	also	a	question	of	scope	for	urban	mining:	if	both	literature	and	the	interviews	agree	that	

metal	recovery	from	C&DW	is	as	high	as	it	can	be,	what	can	prospecting	for	metals	in	Amsterdam	

add	in	terms	of	efficiency	or	performance?	Is	there	room	for	urban	mining	for	metals	next	to	what	

already	happens	in	the	demolition	and	waste	processing	chain?	History	can	be	helpful	in	this	

respect,	as	enthusiasm	for	urban	mining	is	not	new;	it	is	a	recurring	theme	in	times	of	extreme	need	

like	war.	Analyses	of	wartime	urban	mining	suggest	that	there	are	inherent	limitations	that	cannot	

be	ignored.	For	example,	during	the	first	world	war	in	Austria,	up	to	80%	of	copper	for	the	munitions	

industry	came	from	secondary	sources	but	perhaps	as	little	as	10%	of	the	total	amount	of	copper	in	

use	was	amenable	to	extraction	due	to	reasons	like	high	cost	or	significance	for	other	critical	uses	



[6].	Moreover,	the	initial	drive	and	performance	appear	to	have	waned	after	the	first	year,	perhaps	

because	the	low-hanging	fruit	had	been	already	picked.	One	could	therefore	put	forward	that	urban	

mining	today	could	become	a	similarly	short-lived	bandwagon	unless	structurally	embedded	in	

urban	and	real-estate	re-development	and	renovation	processes,	where	its	economic	contribution,	

however	small	cannot	be	negligible.		

Renovation and refurbishment 

Connectivity	to	AECO	processes	is	therefore	important	for	sustaining	and	possibly	amplifying	urban	

mining	within	existing	AECO	processes.	Current	interest	in	metal	recovery	is	clearly	linked	to	demand	

and	the	high	prices	it	causes.	However,	even	after	a	demand	peak,	the	accumulated	amounts	of	

urban	secondary	resources	remain	a	major	environmental	and	economic	issue	[23].	The	reduction	of	

new	construction	activity	in	combination	with	the	preservation	tendency	in	architecture	[1]	is	

making	demolition	and	renovation	increasingly	important	in	AECO.	In	many	cases,	renovation	is	

already	outweighing	in	value	new	construction	work	[17],	even	for	residential	buildings	[9],	where	

some	renovation	types	have	a	WGR	nearing	that	of	the	demolition	[12].		

Renovation	and	refurbishment	are	attractive	targets	for	metal	recovery	in	a	way	that	contrasts	with	

the	frequent	emphasis	on	novel	ways	of	designing	and	constructing	buildings	so	that	they	facilitate	

recovery	and	circularity.	Without	detracting	from	the	value	of	these	attempts	at	innovation,	one	

should	acknowledge	that	any	results	to	be	expected	from	them	will	be	in	a	few	decades	from	now	–	

and	even	then	they	will	represent	a	small	percentage	of	the	problems	and	potential	of	the	built	

environment:	the	vast	majority	of	the	current	building	stock	will	still	be	present,	still	in	the	vast	

majority.	If	we	fail	to	address	the	issues	of	today’s	stock,	these	issues	will	persist	despite	any	

improvements	to	new	buildings.		

A	related	issue	is	that	approaches	to	new	ways	of	designing	and	constructing	buildings	tend	to	

advocate	summary	labelling	of	elements	(“passports”)	concerning	the	ability	to	remove,	replace	or	

otherwise	process	them.	Judging	from	the	experiences	mentioned	in	the	interviews,	one	should	not	



presume	that	such	straightforward	solutions	could	cover	the	richness	and	complexity	of	reality	and	

the	data	that	describe	it.	Relations	with	other	elements	and	materials,	weather	and	use,	and	other	

contextual	matters	form	significant,	dynamic	affecting	factors	that	cannot	be	captured	by	static	

properties.	Such	factors	are	often	key	determinants	of	technical	feasibility	or	economic	viability	in	

recovery	and	should	therefore	not	be	neglected.		

Towards an inclusive framework 

The	proposed	solution	is	not	a	finite	one	but	a	framework	that	brings	together	different	parts	of	a	

sustainable	future	for	urban	mining	within	pragmatic	tolerances.	This	framework	is	built	on	

acceptance	of	the	complexity	of	the	existing	situation	rather	than	reductionist	attempts	at	

simplification.	It	is	therefore	inclusive:	it	attaches	value	to	all	stakeholders	and	actors,	and	to	their	

information.	The	organization	of	such	information	into	a	comprehensive	and	coherent	data	

infrastructure	is	one	of	the	two	main	components	of	the	framework.	Next	to	this	technical	

component,	a	social	one	connects	the	decision	making	by	AECO	parties	to	public	policy	makers.	

Public	policy	and	regulatory	governance	represent	social	and	cultural	aspects	that	overlap	with	and	

enrich	the	working	of	market	forces;	in	conjunction	with	AECO	private	initiatives,	they	define	

possible	C&DW	processing	approaches	and	performance.		

Information processing design 

Material	resources	in	buildings	relate	to	the	interests	of	a	number	of	stakeholders:	real-estate	

owners,	designers,	engineers,	managers,	demolition	firms,	waste	processing	enterprises,	building	

contractors,	local	authorities	and	citizens.	Each	of	these	is	a	producer,	consumer	or	custodian	of	

relevant	information.	It	could	be	argued	that	the	number	of	stakeholders	can	be	reduced	through	

delegation:	local	authorities	can	be	assumed	to	represent	the	interests	of	citizens,	demolition	firms	

could	be	seen	as	the	front	end	of	a	C&DW	processing	chain	that	incorporates	waste	processing	

enterprises	etc.	However,	the	relation	between	authorities	and	citizens	is	significant	in	terms	of	



transparency	in	policy	making	and	governance,	and	citizens	can	be	an	important	source	of	

information	on	the	backgrounds	of	policy,	including	questions	of	intangible	value,	which	can	have	

direct	influence	on	C&DW	treatment	choices.	Similarly,	the	relation	between	demolition	and	waste	

processing	should	be	made	as	transparent	as	possible	both	for	economic	reasons	and	because	it	

contributes	to	technical	and	operational	aspects,	including	the	choice	between	re-use,	

remanufacturing,	recycling	etc.	Following	the	principle	of	inclusiveness	and	for	such	transparency	

reasons,	the	network	should	cover	all	stakeholders	and	should	remain	also	open	in	this	respect.	The	

main	consequence	is	that	it	makes	information	gathering	quite	extensive,	beyond	the	usual	scope	of	

e.g.	a	demolition	project.		

Building	Information	Modelling	(BIM)	is	the	currently	preferred	choice	concerning	information	

integration	in	AECO.	BIM	promises	a	unified	model	as	basis	for	all	actors,	actions	and	transactions	in	

a	design	or	construction	process,	as	well	as	a	dynamic	environment	for	information	processing	

throughout	the	lifecycle	of	a	building,	with	significant	benefits	to	owners	and	operators	[30].	In	

urban	mining	studies,	BIM	has	already	been	identified	as	an	appropriate	framework	for	information	

management.	Existing	attempts	have	extended	BIM	with	waste	management	facilities	that	can	be	

used	to	improve	building	design	and	make	waste	predictions	[17,	31],	as	well	as	through	the	addition	

of	RFID	and	stress	sensor	data	that	facilitate	better	estimation	of	stress	properties	over	the	working	

life,	disassembly,	take-back	and	re-use	of	structural	steel	components	[7].		

BIM	can	integrate	all	information	from	relevant	documents,	including	the	construction	

documentation	and	on-site	investigations	that	are	essential	for	metal	extraction	[20],	as	well	as	

documentation	from	AECO	processes	that	occur	in	the	lifecycle	of	a	building	(e.g.	building	permit	for	

a	loft	conversion).	The	end	result	is	a	comprehensive,	coherent	and	consistent	model	that	makes	

extensive	use	of	the	potential	of	computerization	for	waste	management	[21]	and	serves	a	variety	of	

purposes	for	owners,	occupants,	authorities	and	AECO	professionals,	allowing	them	to	access	the	

information	they	need.		



The	proposed	approach	is	to	build	the	hierarchical	representation	discussed	above	using	variable	

abstraction,	depending	on	the	availability	of	information	and	corresponding	to	different	proxies.	

When	there	is	little	if	any	information	on	a	building,	it	can	be	represented	by	an	abstract	volumetric	

description	–even	a	symbolic	one	(as	in	a	map)–	denoting	a	generic	commodity.	Such	abstract	

descriptions	inherit	information	from	general	types,	e.g.	residential,	office	or	industrial	buildings;	

wood,	metal	or	concrete	structures;	high,	middle	or	low	rise	buildings,	etc.		

Intermediate	levels	in	the	hierarchical	representation	are	occupied	by	building	elements	like	

reinforced	concrete	columns	and	beams:	intermediate	proxies,	which	are	more	effective	as	basis	for	

decisions	and	policies	[22].	These	elements	can	also	be	abstract	or	symbolic,	even	generated	by	

probabilistic	reasoning:	a	typical	low-rise	Amsterdam	row	house	normally	has	party	walls	that	

separate	it	from	adjacent	buildings,	exterior	walls	and	a	pitched	roof.	If	relevant	documentation	is	

available,	the	elements	can	become	specific,	with	a	particular	form	and	structure.		

Whether	abstract	or	specific,	such	elements	act	as	placeholders	of	re-usable	materials	like	rebar,	

wiring	and	piping	(including	hibernating	stock),	again	derived	from	probabilistic	and	typologic	

processes	or	from	documentation.	If	the	documentation	suffices,	it	is	possible	to	develop	the	lower	

levels	of	the	representation,	the	ones	containing	specific	manufactured	components,	usually	with	a	

precise	form	and	material	composition.	Such	components	can	therefore	provide	accurate	and	

precise	information	that	eliminates	the	need	for	proxies,	facilitates	localization	of	resources	and	

hence	planning	of	extraction,	and	paves	the	way	for	advanced	extraction	and	processing	approaches	

and	technologies	like	RFID	tagging.		

	



	

Figure	1.	Indicative	levels	of	abstraction	in	building	documentation	and	corresponding	information	(including	proxies)	

	

The	hierarchical	structure	of	the	representation	allows	us	to	tackle	problems	of	uncertainty	and	

incompleteness	by	supporting	inheritance	between	whole	and	part,	while	built-in	BIM	constraints	

define	non-hierarchical	relations,	e.g.	between	adjacent	elements	of	different	kinds.	If	information	

on	parts	or	aspects	of	a	building	is	missing,	it	is	possible	to	use	proxies	like	generic	default	properties	

for	the	particular	part	or	aspect,	or	preferably	data	from	precedents:	documented	buildings	of	the	

same	period	or	type.	The	organized	housing	development	of	the	Netherlands	holds	significant	

advantages	with	respect	to	such	reasoning.		



Reversely,	abstracting	detailed	information	into	more	compact	estimates	becomes	significantly	

easier,	transparent	and	reliable,	as	well	as	relevant:	metal	content	can	be	described	in	a	manner	

appropriate	to	the	C&D	activity,	e.g.	volume	of	reinforced	concrete	elements,	area	of	a	roof,	wall	

length	in	a	dwelling.	Finding	the	appropriate	unit	(building	dwelling,	kg/m2,	kg/m3)	for	an	activity	

(renovation	of	a	bathroom	or	kitchen,	rewiring	or	replacing	the	central	heating	system)	becomes	an	

exploration	of	easy-to-generate	alternatives	from	the	same	model.		

Policy development 

The	prospecting	analysis	of	urban	mining	for	metals	in	residential	buildings	in	Amsterdam	returned	

two	significant	findings:		

• Both	literature	and	interviews	suggested	that	existing	AECO	practices	manage	to	recover	

resources	to	a	degree	that	may	be	hard	to	improve	

• Estimations	of	metal	content	in	buildings	seem	less	reliable,	complete	or	precise	than	

required	for	validation	and	verification,	or	for	making	expensive	decisions	to	intensify	urban	

mining	

The	first	finding	is	in	line	with	views	that	confine	urban	mining	to	the	hibernating	stocks,	which	for	

some	reason	are	not	part	of	traditional	waste	handling	processes	[32].	An	answer	to	the	latter	is	the	

development	of	an	inclusive,	comprehensive	information	infrastructure	that	brings	together	the	

information	processes	of	all	stakeholders	(starting	with	real-estate	owners	and	local	authorities).	

This	infrastructure	facilitates	smooth	transition	from	existing	separate	practices	to	connected,	

collaborative	and	yet	distributed	processes	towards	common	aims.		

Together,	these	findings	raise	the	question	concerning	policy	relevance.	To	what	extent	are	there	

urban,	hibernating	stocks	of	metal	and	how	can	they	become	part	of	the	value	chain?	And	what	is	

the	role	of	public	and	private	stakeholders,	including	individual	building	owners	and	homeowners,	in	

this?	Precise	information	is	key	to	this	debate.	Establishing	the	proposed	framework	will	encounter	



significant	challenges,	like	any	transition	process,	having	to	do	with	overcoming	lock-ins	of	current	

institutions	structuring	decision-making	[33,	34].		

A	number	of	challenges	have	already	been	referred	to	in	this	article,	in	line	with	observations	on	

processes	of	change	in	other	articles.	These	challenges	have	their	origin	in	the	fragmented	

institutional	character	of	AECO,	operating	in	multiple	markets	and	in	distributed	project	teams	[35].	

The	supply	chains	within	construction	are	characterized	by	many	small	and	medium-sized	

enterprises,	which	lack	the	resources,	willingness	or	capacity	to	use	BIM	for	novel	applications	

requiring	collaboration	[36,	37].	Likewise,	the	relevant	information	exchange	amongst	an	indefinite	

number	of	actors,	public	and	private,	not	just	involves	a	challenge	of	developing	an	interoperable	

platform	to	facilitate	information	exchange,	but	also	presupposes	a	willingness	of	actors	to	

collaborate,	involving	trust	and	reciprocity.	The	development	and	capture	of	joint	values	throughout	

the	chain	from	a	lifecycle	perspective,	presupposes	standardized	information	and	procedures	[38].	

However,	relations	amongst	the	actors	are	characterized	as	adversarial,	short	term	and	lacking	in	

trust	and	are	considered	not	strong	enough	to	develop	a	network	of	organizations	based	on	trust	

and	shared	values	[38].	Also,	more	complex	supply	chains	have	more	tiers,	more	participants	and	

more	transactions	between	the	stakeholders	in	the	different	tiers.	This	makes	the	creation	of	shared	

values	more	difficult.	Moreover,	actors	are	tempted	to	pass	the	risks	and	costs	of	contributing	to	

these	shared	values	onto	other	actors	upward	or	downward	the	chain,	with	powerful	players	

capturing	the	margins	within	the	chain	[39].	Thus,	AECO	lacks	the	incentives	to	build	trust	and	a	

conception	of	shared	value	such	as	sustainability	(the	topic	on	which	most	of	the	studies	into	the	

value	of	supply	chain	management	is	based)	or	re-use	of	waste,	let	alone	to	recognize	the	potential	

value	of	mining	hibernating	stock	of	re-usables	and	recyclables.		

The	proposed	framework	is	therefore	not	logically	to	be	expected	to	come	from	within	AECO,	

especially	since	the	sector	already	performs	very	well	in	terms	of	resource	extraction	and	will	lack	a	

sense	of	urgency.	A	demand-driven	approach	is	more	likely	to	push	the	industry	towards	such	

sharing	of	information.	Regulatory	requirements	and	economic	value	of	the	metals	to	be	captured	



are	the	firmest	external	incentives	that	can	bring	about	change	in	the	sector	[34]	that	is	known	for	

its	responsiveness	to	external	events	[38].	However,	regulatory	requirements	require	a	solid	

information	base	to	give	the	right	incentive,	and	prices	do	not	incentivize	due	to	the	absence	of	a	

recognized	market	for	these	hibernating	stocks.	Moreover,	addressing	the	existing	building	stock,	in	

which	the	hibernating	stock	is	to	be	found,	is	far	more	complicated	than	developing	and	

implementing	ambitions	for	newly	developed	buildings,	even	though	also	for	new	buildings	it	is	far	

from	common	to	take	end-of-life	stages	in	terms	of	re-use	and	recycling	into	account	–	usually	end-

of-life	attention	is	directed	at	waste	handling.		

More	internal,	soft	incentives	are	therefore	expected	to	be	more	effective.	The	push	from	local	

governments,	setting	ambitions	with	regards	to	circular	economy	and	the	closing	of	resource	loops,	

is	a	first	step.	In	the	Netherlands,	more	and	more	cities	have	embraced	the	circular	economy	

concept	and	have	developed	white	papers	stating	ambitions,	sometimes	supported	by	the	national	

government,	is	a	platform	through	which	public	and	private	forerunners	and	knowledge	institutes	

exchange	experiences	and	best	practices	with	regards	to	circularity	[40].	These	initiatives	are	

embedded	within	international	policy	frameworks	in	which	local	governments	collaborate	and	share	

knowledge	and	best	practices.	Combined	with	the	construction	industry’s	own	sustainability	

programmes,	such	as	the	sustainability	certification	schemes,	and	the	general	push	towards	

extended	producer	responsibility	and	circular	economy,	these	might	give	the	incentives	to	step	by	

step	create	a	niche	market,	to	be	upscaled	and	mainstreamed	at	a	later	stage	[34].	Even	though	the	

concepts	of	circularity	and	circular	economy,	to	which	re-use	of	materials	is	key,	are	still	developing,	

these	initiatives	and	policy	plans	already	incentive	actors	to	think	about	the	implications	of	this	

concept	for	their	organisation.	Developers,	contractors	and	financiers	all	have	started	pilot	projects	

to	develop,	try	and	test	circular	concepts,	underlining	the	need	for	innovation	[41].		

The	bottom-up	ways	of	developing	and	testing	concepts	that	may	possibly	contribute	to	a	circular	

economy	are	very	promising.	They	offer	the	breeding	ground	for	the	development	of	shared	values,	

and	on	a	project	basis,	they	emphasize	the	need	for	data	exchange.	Moreover,	these	projects	create	



dedicated	ambassadors	of	the	concept.	The	people	who	have	worked	on	these	projects,	in	the	

project	teams,	start	to	spread	the	word,	due	to	the	involvement	of	the	highest	level	in	the	

organisations	involved	in	these	showcase	projects.	Such	ambassadorship	is	also	considered	to	be	

one	of	the	key	aspects	for	niche	development	[33].	When	these	policies	are	continued	and	gradually	

help	to	shape	a	more	tangible	image	of	urban	mining,	this	will	support	the	creation	of	awareness	for	

developing	the	information-sharing	framework	as	suggested	in	this	article.	To	match	supply	and	

demand	of	construction	materials	for	re-use	and	recycling,	a	fine-grained	understanding	of	the	

potential	value	of	hibernating	stock	is	needed.	In	this	way,	soft	policies	may	indeed	create	a	need	for	

information	sharing	essential	for	prospecting	the	urban	mine		

Conclusions 

• The	Netherlands	are	on	top	of	their	game	when	it	comes	to	re-use	and	recycling	of	C&DW	

waste,	compared	to	other	sectors	and	compared	to	EU	targets.	In	general,	80%	of	the	Dutch	

waste	is	recycled,	whereas	94%	of	C&DW	is	recycled.	European	targets	for	2020	are	set	on	70%	

for	C&DW.		

• Metals	are	in	an	almost	closed-loop	cycle.	They	can	be	recycled	indefinitely	without	loss	of	

performance.	Further	improvement	is	not	expected	to	have	an	effect	on	general	recycling	

performance.	Other	types	of	C&DW	are	more	often	recycled	into	downgraded	forms,	e.g.	as	

materials	for	road	building.		

• Although	some	information	on	quantities	is	recovered,	the	data	have	a	large	variation	and	data	

found	in	the	literature	review	are	not	directly	applicable	to	the	Netherlands.	More	research	into	

the	tracing	of	metals,	and	possibly	other	materials,	is	needed	to	improve	estimations	on	

quantities.		

• Re-use	and	recycling	of	C&DW	is	driven	by	both	regulations,	and	financial	and	societal	

motivations.	This	seems	to	be	a	fairly	healthy	situation.	However,	there	seems	to	be	little	state	



encouragement	to	do	even	better.	Thankfully,	there	are	private	developments	on	sustainable	

demolition	management	that	encourage	re-use	and	recycling.	

• At	this	point,	given	the	performance	of	recycling	in	C&D,	the	built	environment	is	already	in	use	

as	an	urban	mine.	The	difference	with	a	‘true’	mine	is	the	fact	that	there	is,	so	far,	no	planned	

approach	for	exploitation	in	the	longer	term.	This	might	not	be	a	drawback	as	the	current	

system	is	adaptable	and	extracted	materials	seem	to	find	their	way	eventually.	A	conceivable	

disadvantage	on	the	other	hand	is	that	materials	are	sometimes	processed	abroad	resulting	in	

higher	costs	for	transportation	and	CO2	emissions.	
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