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Metals	lie	at	the	heart	of	the	circular	economy	as	the	Metal	Wheel	explains .	Process	metallurgy	is	therefore
a	key	enabler	of	a	circular	economy	(CE);	its	digitalization	is	the	metallurgical	Internet	of	Things	(m-IoT) .
Metallurgy	and	its	reactors	are	therefore	at	the	heart	of	an	economically	functioning	CE,	particularly	also	as
metals	have	strong	intrinsic	recycling	potentials	and	have	key	enabling	functional	roles,	as	these	are	the
fabric	of	the	renewable	energy	and	sustainable	societal	infrastructures.
The	wheels	of	a	sustainable	society	are	based	on	a	multitude	of	elements	as	the	figure	above	shows ,	all
segments	from	the	processing	system,	i.e.,	the	carrier	metallurgy	of	steel,	aluminum,	copper,	zinc,	lead,	tin,
etc.,	are	required	for	a	smoothing	cycling	through	the	circular	economy,	not	only	globally	but	especially	also
locally	or	within	a	larger	economic	region.	Embracing	policy	that	ensures	no	segment	breaks	form	the	wheel
is	of	utmost	importance.	The	metallurgical	process	reactors	recover	the	green	elements	in	the	segments	of
each	metal	processing	infrastructure	and	require	a	processing	segment,	called	the	carrier	metal	processing
infrastructure.	The	yellow	elements	are	recovered	into	alloys	or	intermediate	materials/compounds	if	the
economics	make	sense,	and	red	if	the	elements	are	lost	in	intermediate	materials,	alloys,	or	residues
(including	dissipative	losses)	and	inevitable	losses	from	the	system.
This	paper	will	discuss	within	the	context	of	circular	economy,	as	shown	in	the	figure	below,	the	simulation
of	metallurgical	process	reactors	that	produce	and	recycle	different	metals.	To	maximize	the	recovery	of	the
elements	into	appropriate	phases	in	the	metallurgical	reactors,	a	deep	understanding	of	the	energy	and
mass	transfer	between	very	complex	multielement/compound	molten	(can	reach	above	2,000°C)	and	gas
phases	is	required.	CFD	simulation	and	dynamic	reactor	models	will	show	the	state	of	the	art	based	on
copper	bath	smelting	(concentrate,	scrap,	eWaste,	batteries,	slags,	etc.)	reactors .	Various	fundamental
parameters	effecting	mass	and	energy	transfer	in	the	reactors	is	among	others	discussed.	This	is
embedded	in	system	simulation	models	for	the	CE	that	quantifies	the	environmental	footprint	and	exergy
dissipation	of	large	CE	systems .	Of	special	importance	is	understanding	the	downward	spiral	of	the	system
and,	therefore,	understanding	how	to	mitigate	the	exergy	dissipation.	Large-scale	system	simulation	models
provide	this	detail	understanding	and	will	be	discussed	also	in	relationship	of	minerals	be	these	geologically
created	minerals	or	the	“minerals”	called	consumer	products,	energy	infrastructure,	etc.
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