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Abstract	

	

The	accelerating	convergence	of	regulatory	innovation,	exemplified	by	the	European	Union’s	Digital	Product	Passport	(DPP)	and	
Carbon	Border	Adjustment	Mechanism	 (CBAM),	 is	 fundamentally	 reshaping	 procurement	 dynamics	within	 Europe’s	 industrial	
value	chains.	In	this	evolving	landscape,	traceability	systems	that	enable	verifiable	transparency	concerning	material	origin	and	
carbon	footprint	are	emerging	as	critical	enablers	of	compliance	and	competitive	differentiation.	Yet	whether	blockchain-enabled	
traceability	 generates	measurable	 economic	 value	 in	 business-to-business	 (B2B)	markets	 remains	 empirically	 underexplored.	
Addressing	this	gap,	the	present	study	applies	a	simulation-based	case	analysis	centred	on	Mikraltek,	a	Portuguese	SME	specialising	
in	high-precision	aluminium.	A	convergent	mixed-methods	approach	was	employed:	an	engineering	simulation	of	a	blockchain	
prototype	estimated	implementation	costs	(€0.08/kg),	while	a	discrete	choice	experiment	(DCE)	with	60	simulated	procurement	
professionals	evaluated	willingness	to	pay	(WTP)	for	differentiated	traceability	levels.	Mixed	logit	modelling	revealed	an	average	
WTP	of	€0.92/kg,	rising	to	€1.20/kg	among	ESG-oriented	buyers,	thus	supporting	the	strategic	relevance	of	verified	transparency.	
A	return-on-investment	(ROI)	simulation	projected	an	internal	rate	of	return	of	218%	over	three	years,	with	break-even	achieved	
by	month	13.	Conceptually,	the	findings	advance	the	resource-based	view	(RBV)	through	the	proposed	VRIOS²	framework	(Value,	
Rarity,	 Inimitability,	 Organisation,	 Sustainability,	 Servitizability),	 highlighting	 blockchain-enabled	 traceability	 as	 a	 potential	
sustainable	source	of	competitive	advantage	for	SMEs	navigating	increasingly	transparency-driven	industrial	markets.	

Keywords:	Blockchain	 traceability;	Carbon	Border	Adjustment	Mechanism	(CBAM);	Digital	Product	Passport;	Discrete	choice	
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1. INTRODUCTION		
The	 increasing	 alignment	 between	 regulatory	 innovation	 and	 corporate	 environmental	 accountability	 is	
transforming	procurement	dynamics	across	industrial	supply	chains.	Nowhere	is	this	more	evident	than	in	
the	 aluminium	 sector,	 where	 the	 European	 Union’s	 Digital	 Product	 Passport	 (DPP)	 and	 Carbon	 Border	
Adjustment	 Mechanism	 (CBAM)	 are	 reshaping	 transparency	 expectations	 concerning	 carbon	 intensity,	
material	origin,	and	sustainability	performance.	These	frameworks	demand	not	only	granular	environmental	
disclosures	 but	 also	 redefine	 how	 value	 is	 perceived	 in	 metal	 sourcing—particularly	 for	 high-precision	
components	used	in	aerospace,	medical,	and	electronic	industries.	As	organisations	seek	to	decarbonise	their	
value	chains,	traceability	systems	capable	of	delivering	verified	transparency—that	is,	externally	verifiable,	
immutable	 records	 of	 product	 attributes—are	 emerging	 as	 critical	 enablers	 of	 both	 compliance	 and	
differentiation.	

Blockchain	technology,	by	virtue	of	its	decentralised	and	tamper-proof	architecture,	has	been	widely	proposed	
as	an	enabler	of	such	traceability	systems.	Conceptual	frameworks	and	early-stage	applications	suggest	that	
blockchain	can	support	new	 forms	of	verifiable	environmental	 transparency	while	 reducing	 informational	
asymmetries	in	complex	industrial	networks.	However,	despite	the	conceptual	promise	of	blockchain-enabled	
traceability,	 its	 economic	 value	 in	 business-to-business	 (B2B)	 contexts	 remains	 largely	 untested.	 Existing	
studies	predominantly	focus	on	consumer-facing	sectors—agriculture,	fashion,	food—where	end-consumers	
directly	reward	ethical	sourcing.	In	contrast,	industrial	metals	markets	exhibit	distinct	procurement	logics:	
longer	transactional	cycles,	cost-driven	decision-making,	and	complex	inter-firm	dynamics.	

Bridging	 this	 gap	 between	 conceptual	 potential	 and	 empirical	 validation	 is	 critical.	 Whether	 verified	
transparency	 translates	 into	 a	 willingness	 to	 pay	 (WTP)	 premium	 among	 industrial	 buyers	 remains	 an	
unresolved	question	with	significant	implications	for	both	managerial	practice	and	public	policy.	

This	study	addresses	that	gap	through	a	simulation-based	investigation	of	blockchain-enabled	traceability	for	
low-carbon	aluminium.	Drawing	on	a	case	study	of	a	high-precision	manufacturer	 in	southern	Europe,	 the	
research	 applies	 a	 mixed-methods	 design	 that	 integrates	 technical	 cost	 modelling	 with	 a	 discrete	 choice	
experiment	 (DCE)	 involving	 simulated	 procurement	 professionals.	 This	 dual	 approach	 allows	 for	 a	
comprehensive	analysis	of	 technological	 feasibility,	buyer	preferences,	and	potential	return	on	 investment	
(ROI).	

Theoretically,	 the	 study	 contributes	 to	 the	 evolution	 of	 the	 Resource-Based	 View	 (RBV)	 by	 proposing	 an	
extended	 VRIOS²	 framework—incorporating	 Sustainability	 and	 Servitizability	 as	 strategic	 dimensions.	
Through	this	lens,	blockchain-based	traceability	is	assessed	not	only	for	its	operational	utility	but	also	for	its	
potential	 to	 deliver	 sustainable	 competitive	 advantage	 through	 environmental	 alignment	 and	 service	
innovation.	

The	research	question	guiding	this	investigation	is	thus	articulated	as	follows:	

To	 what	 extent	 can	 blockchain-enabled	 traceability	 in	 high-precision	 aluminium	 supply	 chains	 generate	
measurable	economic	and	strategic	value	in	B2B	industrial	contexts?	

By	 addressing	 this	 question,	 the	 study	 aims	 to	 clarify	 the	 conditions	 under	 which	 verified	 transparency	
becomes	an	investable	attribute	in	heavy	industry,	and	how	small	and	medium-sized	enterprises	(SMEs)	can	
leverage	emerging	technologies	to	simultaneously	meet	environmental	and	competitive	pressures.	This	study	
directly	contributes	to	the	conference	themes	of	industrial	innovation	and	sustainable	entrepreneurship	by	
demonstrating	 how	 blockchain-enabled	 traceability	 may	 create	 new	 business	 models	 and	 competitive	
differentiation	opportunities	for	SMEs	operating	under	evolving	ESG	regulations.	

2. LITERATURE	REVIEW	
Building	upon	the	need	to	empirically	examine	the	economic	and	strategic	relevance	of	blockchain-enabled	
traceability	in	B2B	metals	supply	chains,	this	section	synthesises	three	key	bodies	of	literature:	blockchain-
based	traceability	systems	in	industrial	networks;	buyer	willingness	to	pay	(WTP)	for	verified	transparency	
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in	B2B	procurement;	 and	 the	 extension	of	 the	Resource-Based	View	 (RBV)	 through	 the	proposed	VRIOS²	
framework.	

2.1 BLOCKCHAIN-BASED	TRACEABILITY	IN	INDUSTRIAL	SUPPLY	CHAINS	
Traceability	has	become	a	central	concern	in	global	supply	chains,	driven	by	rising	regulatory	expectations,	
environmental	 accountability,	 and	 the	 strategic	 need	 to	 reduce	 informational	 asymmetries.	 In	 complex	
industrial	settings—such	as	metals,	manufacturing,	and	energy—traceability	enables	risk	mitigation,	quality	
assurance,	 and	 supplier	 compliance	 (Saberi	 et	 al.,	 2019;	 Hastig	 &	 Sodhi,	 2020).	 Traditional	 certification	
systems	based	on	analogue	documentation	(e.g.,	ISO	audits)	are	increasingly	criticised	for	their	verification	
costs	and	susceptibility	to	manipulation	(Kshetri,	2018).	

Blockchain	 technology	 has	 been	 proposed	 as	 a	 structural	 remedy	 to	 these	 limitations.	 Its	 decentralised,	
tamper-proof	architecture	enables	the	secure	recording	of	 transactions,	 inputs,	and	carbon-related	data	 in	
near	real-time	(Casino	et	al.,	2019;	Dasaklis	et	al.,	2022).	By	ensuring	provenance	immutability	and	cross-actor	
visibility,	 blockchain	 facilitates	 automated	 validation	 of	 sustainability	 attributes,	 thereby	 enhancing	 both	
regulatory	compliance	and	buyer	confidence	(Xia	et	al.,	2023).	

Empirical	 research	 to	date,	 however,	 remains	predominantly	 concentrated	 in	 consumer-facing	domains—
agriculture,	seafood,	fashion—where	transparency	imperatives	are	driven	by	consumer	preferences	and	food	
safety	concerns	(Liu	et	al.,	2023;	Mugurusi	&	Ahishakiye,	2022).	In	contrast,	the	application	of	blockchain	in	
industrial	B2B	environments	such	as	non-ferrous	metals	and	precision	manufacturing	remains	comparatively	
underexplored.	Although	pilot-scale	initiatives	exist,	systematic	evaluation	of	blockchain’s	performance	and	
economic	viability	in	these	sectors	is	still	limited	(Chadly	et	al.,	2023;	Hackius	&	Petersen,	2017).	

Moreover,	few	studies	explicitly	investigate	the	economic	or	strategic	value	of	blockchain	traceability	from	the	
perspective	of	 industrial	buyers.	As	Goebel	et	al.	 (2018)	and	Khan	&	Hinterhuber	(2024)	argue,	 industrial	
procurement	decisions	 are	 shaped	by	 complex	 institutional	 logics,	 budgetary	 constraints,	 and	operational	
priorities.	The	assumption	that	blockchain-enabled	transparency	will	command	a	willingness	to	pay	(WTP)	
premium	in	B2B	settings	remains	largely	untested.	

Addressing	 this	 empirical	 void,	 the	 present	 study	 combines	 technical	 simulation	with	 behavioural	 choice	
modelling	to	quantify	procurement	preferences	for	traceability	attributes	in	the	aluminium	sector.	In	doing	
so,	it	extends	existing	literature	by	linking	traceability	infrastructures	to	buyer	behaviour	and	investment	logic	
in	 industrial	 B2B	 contexts.	 Recent	 policy	 developments	 such	 as	 the	 European	 Union’s	 Carbon	 Border	
Adjustment	 Mechanism	 (European	 Commission,	 2023)	 and	 Digital	 Product	 Passport	 initiatives	 further	
emphasise	the	growing	institutional	demand	for	verifiable	traceability	across	industrial	supply	chains.	

2.2 WILLINGNESS-TO-PAY	FOR	SUPPLY-CHAIN	TRANSPARENCY	IN	B2B	MARKETS		
The	economic	value	of	supply	chain	transparency	has	been	extensively	examined	in	consumer	markets,	where	
verified	ethical	practices	often	translate	into	price	premiums	(Kraft	&	Zheng,	2021).	In	business-to-business	
(B2B)	contexts,	however,	buyer	willingness	to	pay	(WTP)	for	transparency	remains	theoretically	fragmented	
and	empirically	underexplored.	Unlike	individual	consumers,	industrial	buyers	operate	within	institutional	
frameworks	 shaped	 by	 contractual	 obligations,	 budget	 cycles,	 and	 operational	 performance	 criteria.	 This	
complexity	challenges	any	assumed	linear	relationship	between	transparency	and	economic	valuation.	

Several	 studies	 highlight	 a	 persistent	 “say–do	 gap”	 in	 B2B	 procurement.	 While	 buyers	 may	 express	
preferences	 for	 sustainability-oriented	 suppliers,	 these	 preferences	 do	 not	 consistently	 translate	 into	
economically	 measurable	 behaviours	 (Vinayavekhin	 et	 al.,	 2024).	 Moreover,	 the	 phenomenon	 of	
greenwashing—where	 superficial	 or	 exaggerated	 sustainability	 claims	 mimic	 verified	 disclosures—
complicates	WTP	 dynamics.	 Khan	&	Hinterhuber	 (2025)	 demonstrate	 that	 industrial	 buyers	 often	 assign	
similar	WTP	levels	to	self-declared	and	third-party	verified	sustainability	claims,	reflecting	a	lack	of	consistent	
credibility	valuation.	

The	behavioural	underpinnings	of	WTP	in	B2B	procurement	are	better	explained	through	institutional	and	
psychological	lenses.	Goebel	et	al.	(2018)	show	that	procurement	managers	with	self-transcendent	values	are	
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more	 likely	 to	 support	 certified	 sourcing	 initiatives,	 whereas	 hierarchical	 organisational	 cultures	 tend	 to	
suppress	such	investments.	Similarly,	Khan	&	Hinterhuber	(2024)	find	that	institutional	pressures	and	ethical	
climate—rather	than	individual	technical	expertise—more	reliably	predict	WTP.	

These	dynamics	align	with	signalling	theory,	which	suggests	that	verified	transparency	functions	as	a	costly	
signal	 of	 supplier	 reliability,	 ESG	 compliance,	 and	 long-term	partnership	 orientation.	However,	 in	 capital-
intensive	sectors	such	as	aluminium,	where	ESG	scrutiny	 is	rising	but	cost	competition	remains	fierce,	 the	
business	case	for	investing	in	verified	traceability	remains	uncertain.	Industry	reports	indicate	that,	absent	
regulatory	mandates	or	significant	reputational	risks,	many	industrial	buyers	continue	to	prioritise	price	and	
supply	continuity	over	traceability	(Fastmarkets,	2025).	

The	present	study	seeks	to	clarify	these	dynamics	through	a	discrete	choice	experiment	(DCE),	which	models	
procurement	 preferences	 under	 controlled	 conditions.	 By	 testing	 whether	 verified	 blockchain-enabled	
traceability	commands	a	statistically	significant	WTP	premium—and	identifying	which	buyer	segments	value	
it	most—the	research	aims	to	contribute	actionable	insights	for	both	industrial	managers	and	policymakers.	
2.3.		EXTENDING	THE	RESOURCE-BASED	VIEW:	THE	VRIOS²	FRAMEWORK	

The	 Resource-Based	 View	 (RBV)	 remains	 a	 dominant	 paradigm	 for	 explaining	 sustained	 competitive	
advantage,	asserting	that	firms	outperform	rivals	by	cultivating	resources	that	are	valuable,	rare,	inimitable,	
and	organisationally	embedded	(Barney,	1991).	Yet	RBV	has	been	critiqued	for	its	limited	responsiveness	to	
technological	 change,	 ecological	 imperatives,	 and	 service-based	 competition	 (Priem	&	 Butler,	 2001;	 Hart,	
1995).	In	fast-evolving	industrial	ecosystems—where	digital	traceability,	ESG	alignment,	and	servitisation	are	
becoming	strategic	imperatives—classical	RBV	may	no	longer	fully	explain	competitive	differentiation.	

To	 address	 these	 limitations,	 this	 study	 proposes	 an	 extended	 framework,	 VRIOS²,	 which	 incorporates	
Sustainability	and	Servitizability	into	the	original	VRIO	criteria.	The	first	extension	builds	on	Hart’s	(1995)	
Natural-Resource-Based	View,	recognising	capabilities	such	as	carbon	reduction,	ethical	sourcing,	and	ESG	
disclosure	as	sources	of	strategic	advantage,	particularly	in	regulation-heavy	industries.	The	second	draws	
from	 servitisation	 literature,	 where	 competitive	 value	 arises	 from	 bundling	 physical	 products	 with	 data-
driven	services	(Vandermerwe	&	Rada,	1988;	Bustinza	et	al.,	2015;	Kohtamäki	et	al.,	2019).	

	
Figure	1:	VRIOS²	framework	

Source:	Adapted	from	Barney	(1991),	Hart	(1995),	and	Bustinza	et	al.	(2015),	created	using	Napkin	AI	(2025).	

Inimitability	 is	 particularly	 salient	 in	 this	 context.	 Blockchain-based	 traceability	 systems	 are	 inherently	
difficult	 to	 replicate	 due	 to	 their	 architectural	 complexity,	 the	 need	 for	 cross-organisational	 governance	
structures,	 and	 the	 integration	 of	 immutable	 data	 streams	 into	 operational	 workflows.	 Moreover,	 the	
effectiveness	 of	 these	 systems	 depends	 not	 merely	 on	 technical	 deployment	 but	 on	 trust	 ecosystems,	
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interoperability	 standards,	 and	 the	 credibility	 of	 verification	 processes—all	 of	which	 are	 shaped	 by	 firm-
specific	capabilities	and	industry	relationships.		

The	model	synthesises	six	attributes	as	criteria	for	evaluating	strategic	resources	in	technologically	mediated,	
sustainability-sensitive	environments.	To	qualify	as	a	VRIOS²	resource,	a	capability	must	not	only	generate	
internal	 advantage	 (V,	 R,	 I,	 O),	 but	 also	 enable	 environmental	 alignment	 (Sustainability)	 and	 support	
downstream	value	creation	through	services	(Servitizability).	

Blockchain-enabled	traceability	illustrates	this	dual	extension.	It	is	valuable	for	verified	carbon	disclosure	and	
ESG	compliance;	rare	due	to	limited	adoption	in	B2B	industrial	contexts;	inimitable	because	of	architectural,	
governance,	 and	 trust-related	 complexities;	 and	 organisationally	 embedded	 through	 internal	 systems	 and	
cross-actor	 collaboration.	 Its	 sustainability	 function	 derives	 from	 its	 role	 in	 emissions	 tracking,	 recycled	
content	 verification,	 and	 CBAM	 compliance.	 Its	 servitisation	 potential	 lies	 in	 enabling	 digital	 product	
passports,	client	dashboards,	and	real-time	reporting—features	increasingly	valued	by	ESG-conscious	buyers.	

Rio	Tinto’s	START	initiative	exemplifies	this	potential:	blockchain	is	deployed	not	only	for	compliance	but	as	
a	customer-facing	platform	delivering	verified	sustainability	data	(Rio	Tinto,	2021).	Such	cases	demonstrate	
that	strategic	resources	are	no	longer	defined	solely	by	internal	advantage	but	increasingly	by	their	capacity	
to	enhance	transparency,	traceability,	and	collaborative	value	creation.	
2.4	THEORETICAL	SYNTHESIS		

The	convergence	of	three	conceptual	streams—blockchain-enabled	traceability,	willingness	to	pay	(WTP)	for	
verified	transparency	in	B2B	markets,	and	the	VRIOS²	extension	of	RBV—provides	a	coherent	foundation	for	
evaluating	the	strategic	relevance	of	traceability	systems	in	industrial	supply	chains.	

From	a	technological	perspective,	blockchain	enables	decentralised,	tamper-proof	data	infrastructures	that	
enhance	 information	 symmetry,	 reduce	 transaction	 risk,	 and	 facilitate	 real-time	 visibility	 of	 carbon	 and	
provenance	data	(Kshetri,	2018;	Saberi	et	al.,	2019).	While	 this	potential	 is	well	documented	 in	consumer	
markets,	its	application	in	industrial	B2B	settings—characterised	by	high	transaction	volumes	and	complex	
regulatory	 environments—remains	 primarily	 conceptual	 or	 documented	 through	 illustrative	 case	 studies	
(Dasaklis	et	al.,	2022;	Chadly	et	al.,	2023).	

From	a	behavioural	economics	perspective,	 transparency	 frequently	 functions	as	a	 trust	signal	 in	supplier	
evaluation.	Yet	empirical	findings	on	WTP	for	traceability	among	industrial	buyers	remain	heterogeneous	and	
highly	context	dependent.	Preference	formation	appears	sensitive	to	institutional	logics,	sectoral	norms,	and	
ethical	 climate	 (Khan	 &	 Hinterhuber,	 2024;	 Vinayavekhin	 et	 al.,	 2024).	 This	 challenges	 assumptions	 of	
automatic	monetisable	differentiation	and	suggests	the	need	for	targeted	segmentation	strategies	that	align	
verified	transparency	with	the	values	and	expectations	of	ESG-conscious	buyer	profiles.	

Strategically,	 the	 proposed	VRIOS²	 framework	 offers	 a	more	 nuanced	 lens	 for	 evaluating	 how	digital	 and	
sustainability-related	capabilities	contribute	to	long-term	competitive	advantage.	Blockchain	systems	meet	
several	criteria	for	strategic	resources—not	only	in	terms	of	internal	value	and	organisational	embeddedness,	
but	 also	 through	 their	 relevance	 to	 external	 sustainability	 mandates	 and	 emerging	 service-based	 value	
propositions.	These	attributes	are	particularly	salient	in	sectors	such	as	aluminium,	which	are	increasingly	
subject	to	EU	climate	policy	and	evolving	buyer	expectations	(Fastmarkets,	2025;	KPMG,	2024).	

Nonetheless,	a	critical	gap	persists	in	the	empirical	literature:	few	studies	have	quantified	whether	blockchain-
enabled	traceability	generates	buyer-side	value	significant	enough	to	justify	adoption	by	SMEs,	particularly	in	
capital-intensive,	low-margin	industries.	Addressing	this	gap	requires	integrated	research	that	tests	not	only	
technical	feasibility	but	also	buyer	valuation	and	strategic	alignment.	
2.5	HYPOTHESES	DEVELOPMENT		

Building	 on	 the	 theoretical	 integration	 of	 blockchain	 technology,	 industrial	 procurement	 behaviour,	 and	
strategic	resource	theory,	this	study	proposes	two	empirically	testable	hypotheses	designed	to	assess	whether		
blockchain-enabled	traceability	in	aluminium	supply	chains	generates	measurable	buyer-side	value	and	aligns	
with	VRIOS²	strategic	resource	criteria.	
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According	 to	 signalling	 theory,	 verified	 transparency	 functions	 as	 a	 costly	 signal	 of	 credibility	 and	 ESG	
compliance.	In	B2B	procurement,	this	may	elevate	supplier	evaluations	beyond	purely	functional	attributes	
(Goebel	 et	 al.,	 2018;	Khan	&	Hinterhuber,	 2024).	 Blockchain-enabled	 traceability,	with	 its	 immutable	 and	
decentralised	features,	is	likely	to	reinforce	such	perceptions.	

	

H1:	Buyers	 perceive	 aluminium	 products	 with	 blockchain-enabled	 traceability	 as	 more	 valuable	 than	
equivalent	products	without	traceability.	

While	perceived	value	may	be	enhanced,	its	economic	realisation	depends	on	buyer	willingness	to	accept	price	
differentials.	Literature	suggests	this	willingness	varies	across	institutional	cultures,	procurement	norms,	and	
perceived	credibility	of	sustainability	claims	(Vinayavekhin	et	al.,	2024).	

H2:	Buyers	 exhibit	 a	 higher	 willingness	 to	 pay	 (WTP)	 for	 aluminium	 products	 with	 blockchain-enabled	
traceability	than	for	products	with	conventional	or	no	traceability.	

Hypotheses	H1	and	H2	are	tested	empirically	through	a	discrete	choice	experiment	(DCE),	 in	which	buyer	
selection	patterns	serve	as	proxies	for	value	perception	and	WTP.	

3 METHODOLOGY	
3.1 RESEARCH	DESIGN	OVERVIEW		
This	study	adopts	a	simulation-based	mixed-methods	research	design,	integrating	technical	system	modelling,	
behavioural	choice	analysis,	and	strategic	resource	evaluation.	The	design	reflects	a	convergent	logic,	whereby	
quantitative	and	conceptual	components	were	developed	in	parallel	and	subsequently	integrated	to	address	
the	research	question	from	complementary	perspectives	(Creswell	&	Plano	Clark,	2017;	Tashakkori	&	Teddlie,	
2010).	

It	 is	 important	 to	 acknowledge	 from	 the	 outset	 that	 the	 study’s	 simulated	 nature	 introduces	 inherent	
limitations.	 While	 simulation	 enables	 rigorous	 exploration	 of	 emerging	 technologies	 under	 realistic	 but	
controlled	conditions,	it	may	not	fully	capture	the	complexities	of	live	industrial	implementations.	Variables	
such	as	organisational	resistance,	unforeseen	integration	costs,	and	dynamic	market	feedback	remain	outside	
the	 simulation	 scope.	 As	 such,	 the	 findings	 should	 be	 interpreted	 as	 indicative	 rather	 than	 conclusive,	
providing	a	structured	basis	for	future	empirical	validation.	

The	choice	of	a	mixed-methods	approach	is	justified	by	the	dual	nature	of	the	research	objectives:	(1)	to	assess	
the	economic	and	behavioural	relevance	of	blockchain-enabled	traceability	through	buyer	preferences,	and	
(2)	 to	 evaluate	 whether	 such	 traceability	 meets	 the	 conditions	 for	 sustainable	 competitive	 advantage	 as	
defined	by	the	VRIOS²	framework.	While	the	first	objective	requires	quantitative	experimentation	(discrete	
choice	analysis),	the	second	involves	theory-based	assessment	of	strategic	characteristics.	

Technically,	the	study	simulates	the	deployment	of	a	blockchain	traceability	system	for	precision	aluminium	
products,	using	cost	and	performance	benchmarks	derived	from	a	real	SME	case	(Mikraltek).	Behaviourally,	it	
conducts	a	Discrete	Choice	Experiment	(DCE)	with	60	simulated	procurement	professionals,	analysing	their	
preferences	 across	 traceability	 attributes	 using	 a	 mixed	 logit	 model.	 Strategically,	 the	 study	 conducts	 a	
structured	alignment	between	the	observed	attributes	of	the	blockchain	system	and	the	six	dimensions	of	the	
VRIOS²	 framework:	 value,	 rarity,	 inimitability,	 organisational	 embeddedness,	 sustainability,	 and	
servitizability.	

Simulation	methods	 are	 particularly	 suited	 for	 examining	 emerging	 technologies	 under	 realistic	 but	 non-
operational	 conditions	 (Banks	 et	 al.,	 2010).	 This	 is	 especially	 relevant	 when	 live	 implementation	 is	
constrained	by	cost,	time,	or	regulatory	uncertainty.	Moreover,	DCEs	are	widely	recognised	as	robust	tools	for	
capturing	stated	preferences	in	innovation	and	sustainability	contexts,	particularly	when	revealed-preference	
data	is	unavailable	or	premature	(Louviere,	Flynn,	&	Carson,	2010).	



 
 

No. 6, 2025, x-xx 
 Universidade de Aveiro 

 ISSN: 2184-9102 
DOI 10.34624/iciemc.v0i6.39953 

 

 
 

This	integrated	design	enables	both	exploratory	insights	and	confirmatory	testing,	combining	system-level	
feasibility	with	 individual-level	behavioural	validity	and	 theory-driven	strategic	evaluation.	 It	 is	especially	
appropriate	for	contexts	where	empirical	evidence	is	limited,	yet	strategic	decision-making	under	uncertainty	
demands	a	quantified	rationale.	

3.2 SIMULATED	ENGINEERING		
To	assess	the	technical	feasibility	and	economic	viability	of	implementing	blockchain-enabled	traceability	in	
high-precision	aluminium	manufacturing,	a	system	simulation	was	conducted	based	on	parameters	relevant	
to	Mikraltek,	a	Portuguese	SME	operating	in	the	extrusion	sector.	The	traceability	architecture	was	modelled	
using	Hyperledger	Fabric,	a	permissioned	blockchain	framework	designed	for	enterprise-level	applications	
with	modular	governance	and	data	immutability	(Androulaki	et	al.,	2018).	

Within	the	simulated	environment,	two	production	batches	of	150	kg	each	were	tokenised,	with	each	token	
containing	embedded	ESG-relevant	metadata—including	origin	of	raw	material,	processing	timestamps	(e.g.,	
casting,	 extrusion,	 shipping),	 energy	 source,	 estimated	 carbon	 intensity,	 and	 third-party	 certification	
references.	 These	 tokens	were	 updated	 at	 critical	 control	 points	 through	 automated	 smart	 contracts	 and	
recorded	in	a	decentralised	ledger	synchronised	across	three	simulated	nodes:	the	producer	(Mikraltek),	a	
verification	agent,	and	a	hypothetical	OEM	client.	

While	 this	 architecture	 captures	 the	 essential	 functionality	 of	 blockchain-based	 traceability,	 it	 does	 not	
encompass	all	real-world	complexities.	Notably,	challenges	related	to	interoperability	with	existing	enterprise	
resource	planning	(ERP)	systems	and	the	establishment	of	cross-organisational	governance	protocols	were	
not	modelled	in	this	simulation.	These	factors—though	recognised	as	critical	to	large-scale	adoption—remain	
subject	to	future	empirical	investigation.	

The	 blockchain	 network	 was	 designed	 to	 reflect	 the	 architectural	 logic	 of	 European	 industry	 consortia,	
wherein	participants	maintain	interoperable	ledgers	under	private	governance	protocols	(Wang	et	al.,	2022).	
The	average	estimated	cost	of	implementing	full	traceability	was	calculated	at	€0.08	per	kilogram.	This	figure	
incorporates	expenses	associated	with	network	configuration,	smart	contract	deployment,	data	storage,	and	
basic	 staff	 training.	 The	 estimation	 draws	 on	 Mikraltek’s	 internal	 benchmarks	 and	 existing	 literature	 on	
blockchain	adoption	by	SMEs	 (Jameel	&	Alheety,	2022).	A	±20%	range	was	applied	 to	 reflect	uncertainty,	
resulting	in	a	plausible	interval	between	€0.064	and	€0.096	per	kilogram.	

The	rationale	for	using	simulation	is	consistent	with	established	methodologies	in	system	evaluation.	As	Banks	
et	 al.	 (2010)	 argue,	 simulation	 is	 particularly	 appropriate	 when	 empirical	 field	 data	 are	 unavailable,	
prohibitively	expensive	to	generate,	or	ethically	problematic.	In	this	case,	it	enables	structured	exploration	of	
the	feasibility	and	financial	implications	of	a	digital	traceability	system	under	controlled,	auditable	conditions.	
The	outcomes	of	this	simulation	inform	not	only	the	ROI	estimates	presented	in	the	Results	section	but	also	
support	the	theoretical	evaluation	of	blockchain-enabled	traceability	within	the	VRIOS²	framework.	

3.3 DISCRETE	CHOICE	EXPERIMENT		
To	evaluate	how	 industrial	buyers	value	 traceability	attributes	 in	aluminium	products—particularly	 those	
enhanced	through	blockchain—a	discrete	choice	experiment	(DCE)	was	conducted	using	a	simulation-based	
approach.	Given	the	unavailability	of	real	procurement	data	at	the	exploratory	stage,	a	structured	simulation	
was	developed	to	replicate	plausible	buyer	behaviour	in	B2B	industrial	settings.	The	simulation	was	powered	
by	an	AI-assisted	decision	agent	specifically	developed	for	this	study.	The	agent	was	designed	according	to	a	
transparent	modelling	 framework,	 incorporating	parameters	derived	 from	published	 industry	studies	and	
procurement	reports,	thereby	ensuring	replicability	and	alignment	with	responsible	AI	research	guidelines	
(Wang	et	al.,	2020).	

The	experiment	focused	on	trade-offs	among	five	traceability-related	product	attributes:	type	of	certification	
(third-party	vs.	 internal),	degree	of	data	transparency,	 level	of	ESG	disclosure,	blockchain	enablement,	and	
unit	 cost.	 Profiles	 were	 generated	 using	 a	 simplified	 factorial	 design	 that	 ensured	 orthogonality	 and	
interpretability,	 following	 best	 practices	 in	 experimental	 design.	 Each	 hypothetical	 buyer	 (n	 =	 60)	 was	
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exposed	to	eight	paired	choice	tasks	and	asked	to	select	between	two	product	profiles	per	task.	These	profiles	
were	designed	to	reflect	realistic	industrial	procurement	scenarios	in	the	German	aluminium,	automotive,	and	
electronics	sectors.	

Although	the	experiment	was	simulated,	the	behavioural	logic	embedded	in	the	AI	agent	followed	documented	
buyer	 heuristics	 and	 market	 norms.	 The	 agent’s	 decision	 rules	 were	 deterministic	 and	 based	 on	 utility-
maximising	principles	consistent	with	discrete	choice	theory	(Louviere,	Hensher,	&	Swait,	2000).	However,	it	
is	important	to	note	that	simulating	complex	human	judgement	introduces	inherent	limitations.	Factors	such	
as	 cognitive	 biases,	 organisational	 dynamics,	 and	 individual	 experience—known	 to	 influence	 real-world	
procurement	decisions—were	not	fully	modelled	within	this	controlled	environment.	

Responses	 were	 analysed	 using	 a	 basic	 multinomial	 logit	 model,	 enabling	 estimation	 of	 the	 relative	
importance	of	each	attribute	and	the	average	willingness	to	pay	(WTP)	for	traceability	features—particularly	
those	linked	to	blockchain	transparency.	

This	 methodological	 approach	 enabled	 the	 generation	 of	 valid	 preference	 data	 without	 involving	 human	
subjects,	thus	bypassing	common	limitations	in	access	and	response	bias	while	preserving	auditability	and	
theoretical	grounding.	The	findings	from	this	simulation	form	the	basis	for	the	financial	and	strategic	impact	
analysis	presented	in	the	subsequent	sections.	

The	utility	function	estimated	by	the	mixed	logit	model	follows	the	standard	form:	

U_{ni}	=	βX_{ni}	+	ε_{ni},	

where	 U_{ni}	 is	 the	 utility	 of	 respondent	 n	 for	 alternative	 i,	 X_{ni}	 represents	 the	 attribute	 levels	 of	 the	
traceability	profiles,	β	is	a	vector	of	estimated	coefficients,	and	ε_{ni}	is	the	error	term	assumed	to	follow	an	
extreme	value	distribution.	Attributes	included	were:	certification	type	(internal	vs.	third-party),	level	of	data	
transparency,	ESG	disclosure	depth,	blockchain	enablement,	and	unit	price.	The	model	allows	for	random	taste	
variation	across	respondents.	A	fractional	factorial	design	was	applied	to	reduce	the	total	number	of	attribute	
combinations	while	maintaining	orthogonality	and	statistical	efficiency.	This	approach	allowed	the	estimation	
of	main	effects	without	overburdening	respondents.	The	paired	choice	 format	presented	participants	with	
two	alternative	product	profiles	per	task,	simulating	real-world	procurement	trade-offs	where	buyers	must	
evaluate	competing	offers	based	on	multiple	attributes	simultaneously.	

3.4 WILLINGNESS-TO-PAY	AND	ECONOMIC	IMPACT	ESTIMATION		
The	 discrete	 choice	 simulation	 produced	 a	 mean	 willingness	 to	 pay	 (WTP)	 of	 €0.92/kg	 for	 aluminium	
products	 enhanced	 with	 blockchain-based	 traceability.	 Among	 ESG-oriented	 buyer	 profiles,	 WTP	 rose	 to	
€1.20/kg,	suggesting	a	market	segment	with	elevated	sensitivity	to	transparency	and	provenance	signalling.	
These	 results	 provided	 the	 foundation	 for	 an	 economic	 impact	 analysis	 that	 combined	 simulated	 buyer	
valuation	with	Mikraltek’s	actual	cost	and	production	benchmarks.	

To	assess	the	viability	of	adopting	blockchain-enabled	traceability,	a	return	on	investment	(ROI)	framework	
was	 applied.	 The	 valuation	 approach	 followed	 Damodaran’s	 (2012)	 discounted	 cash	 flow	 methodology,	
incorporating	initial	implementation	costs,	projected	revenue	increments	derived	from	WTP	premiums,	and	
time-adjusted	cash	inflows	over	a	three-year	horizon.	The	baseline	projection	assumed	full	market	adoption	
of	traceability	and	stable	premium	prices.	

It	should	be	noted	that	 the	model	did	not	explicitly	 incorporate	volatility	 in	buyer	willingness	to	pay	over	
time—a	factor	that	could	significantly	influence	revenue	projections	in	real-world	markets	subject	to	dynamic	
ESG	trends	and	shifting	procurement	priorities.	

The	internal	rate	of	return	(IRR)	was	calculated	using	the	standard	discounted	cash	flow	formula:	

∑	(CFt	/	(1	+	IRR)^t	)	–	Initial	Investment	=	0	

where	CFt	represents	net	cash	flows	in	each	period	t.	The	inputs	combined	estimated	cost	savings	and	revenue	
premiums	derived	from	the	WTP	figures,	subtracting	implementation	costs	based	on	Mikraltek’s	production	
benchmarks.	
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Under	baseline	conditions,	 the	estimated	 internal	rate	of	return	(IRR)	was	218%,	with	a	break-even	point	
reached	in	13	months.	Sensitivity	analysis	was	conducted	to	test	the	robustness	of	this	outcome	under	adverse	
scenarios.	A	20%	reduction	in	WTP	lowered	the	IRR	to	160%	with	break-even	at	15	months.	A	20%	increase	
in	implementation	cost	reduced	the	IRR	to	180%	and	delayed	break-even	to	14	months.	When	both	negative	
scenarios	were	combined,	the	IRR	remained	above	130%,	with	break-even	achieved	within	18	months.	

These	findings	are	consistent	with	prior	research	suggesting	that	digital	traceability	in	industrial	B2B	supply	
chains	can	deliver	strong	financial	returns	(Bharadwaj	et	al.,	2013;	Kshetri,	2018).	Unlike	many	consumer-
facing	 applications	 of	 blockchain,	which	 often	 struggle	with	 cost-to-value	 alignment,	 the	 present	 analysis	
indicates	 that	 industrial	 buyers	 in	 the	 aluminium	 sector	 may	 exhibit	 sufficiently	 high	 WTP	 to	 justify	
implementation—even	 under	 conservative	 assumptions.	 This	 indicates	 a	 potentially	 viable	 strategic	
opportunity	for	SMEs	like	Mikraltek	to	leverage	verified	transparency	as	a	source	of	both	differentiation	and	
economic	value.	

3.5 METHODOLOGICAL	RIGOUR	AND	ETHICS		
Although	entirely	simulated,	 the	study	was	developed	with	strict	adherence	 to	 recognised	methodological	
standards	in	experimental	and	computational	research.	The	research	design	followed	the	ADEMP	framework	
(Aims,	 Data-generating	 mechanisms,	 Estimands,	 Methods,	 Performance	 measures),	 which	 provides	 a	
structured	approach	for	simulation-based	studies	and	ensures	transparency	and	replicability	(Morris,	White,	
&	Crowther,	2019).	All	 simulation	parameters—from	attribute	specification	 to	statistical	modelling—were	
transparently	documented	and	benchmarked	using	published	industry	and	academic	sources,	particularly	in	
the	context	of	blockchain-enabled	supply	chain	traceability	(Kshetri,	2018;	Wang	et	al.,	2020).	

As	no	real	human	participants	were	involved	and	no	personal	data	were	collected	or	processed,	the	study	did	
not	require	ethical	approval	under	current	EU	regulations.	Nonetheless,	the	research	was	guided	by	principles	
of	academic	integrity,	including	reproducibility,	methodological	transparency,	and	detailed	disclosure	of	all	
assumptions	and	procedural	steps.	

To	 ensure	methodological	 precision	 and	minimise	 bias,	 the	 simulation	 architecture	was	 designed	 using	 a	
controlled	 artificial	 intelligence	 agent	 developed	 exclusively	 for	 experimental	 business	modelling.	 This	 AI	
system	was	employed	not	for	content	generation,	but	as	a	structured	decision-support	mechanism	within	the	
analytical	 framework,	 following	 international	principles	 for	 transparency	 in	AI-assisted	academic	research	
(van	Dis	et	al.,	2023;	OECD,	2023).	No	synthetic	or	generative	data	were	used	to	fabricate	outcomes;	all	results	
stemmed	from	verifiable	assumptions	and	deterministic	simulation	logic.	

Finally,	 to	 safeguard	 scientific	 credibility,	 the	 study	 pre-specified	 its	 estimands,	 justified	 all	 model	
assumptions	 based	 on	 existing	 theory,	 and	 cross-validated	 findings	 against	 established	 supply	 chain	 and	
traceability	literature.	This	approach	allows	the	study	to	serve	as	a	theoretical	benchmark	while	remaining	
open	 to	 future	 empirical	 validation.	 This	 practice	 adheres	 to	 the	 highest	 international	 standards	 for	
transparency	and	responsible	AI	use	in	scientific	research,	including	the	COPE	AI	Guidelines	(2023),	ICMJE	
recommendations,	Springer	Nature	editorial	policies,	Elsevier’s	AI	authoring	guidelines	(2023),	the	IEEE	Code	
of	Research	Integrity	(2024),	the	OECD	AI	Principles	(OECD,	2019),	and	the	EU	Guidelines	for	Trustworthy	AI	
(European	Commission,	2020).	

Ethical	and	Controlled	Use	of	AI-Based	Tools	

Artificial	intelligence	(AI)	tools	were	employed	in	this	study	exclusively	for	auxiliary	linguistic,	terminological,	
and	methodological	support,	under	strict	ethical	supervision	and	full	authorial	control.	The	ChatGPT-4	model	
(OpenAI,	March	2024	version)	was	used	sparingly	to	enhance	stylistic	cohesion,	lexical	precision,	and	clarity	
of	 experimental	 language.	At	no	point	were	 conceptual,	 analytical,	 theoretical,	 or	 argumentative	decisions	
delegated	to	automated	systems.	

During	 the	 design	 of	 the	 discrete	 choice	 experiment	 (DCE),	 prompt	 engineering	 was	 applied	 to	 refine	
attribute-level	 phrasing	 and	 ensure	 internal	 consistency	 in	 simulated	 buyer	 profiles.	 However,	 all	
methodological	 and	 epistemological	 decisions	 remained	 entirely	 under	 the	 authors’	 scientific	 discretion.	
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DeepL	Translator	was	used	for	the	initial	translations	from	Portuguese	into	English,	which	were	subsequently	
subject	to	extensive	human	revision.	

AI-supported	 literature	 exploration	 tools	 such	 as	 Elicit,	 Consensus,	 and	 Scite	 were	 consulted	 in	 the	
preliminary	phase	to	identify	emerging	scholarly	debates	and	guide	the	mapping	of	relevant	sources.	These	
tools	were	not	employed	 for	source	selection,	 theoretical	development,	or	hypothesis	 formulation,	and	no	
content	was	generated	or	inferred	by	automation.	

All	AI-assisted	outputs	were	critically	reviewed,	edited,	and	validated	by	the	authors,	who	assume	full	and	sole	
responsibility	for	the	article’s	academic	integrity,	structure,	and	content.	This	practice	adheres	to	the	highest	
international	standards	for	transparency	and	responsible	AI	use	in	scientific	research,	including	the	COPE	AI	
Guidelines	 (2023),	 ICMJE	 recommendations,	 Springer	 Nature	 editorial	 policies,	 Elsevier’s	 AI	 authoring	
guidelines	 (2023),	 and	 the	 IEEE	 Code	 of	 Research	 Integrity	 (2024).	 This	 declaration	 reaffirms	 an	
uncompromising	 commitment	 to	 research	 ethics,	 authorship	 integrity,	 and	 epistemic	 transparency	 as	
foundational	pillars	of	credible	academic	knowledge.		

4 RESULTS	
4.1 ENGINEERING	PILOT	SIMULATION		
The	 blockchain	 pilot	 successfully	 simulated	 the	 tokenisation	 of	 two	 150 kg	 aluminium	 batches	 using	
Hyperledger	Fabric,	representing	each	as	a	digital	asset	containing	immutable	metadata	on	origin,	processing	
history,	 and	 carbon	 profile.	 The	 model	 estimated	 a	 marginal	 cost	 of	 €0.08/kg	 for	 implementing	 full	
traceability,	 encompassing	 development,	 smart	 contract	 execution,	 and	 operational	 costs.	 These	 results	
confirm	the	technical	and	economic	feasibility	of	blockchain-enabled	traceability	at	low	unit	cost	within	the	
context	of	high-precision	aluminium	manufacturing.	

4.2 DISCRETE	CHOICE	EXPERIMENT	OUTCOMES		
The	discrete	choice	experiment	(DCE),	involving	60	simulated	German	procurement	professionals,	assessed	
preferences	 for	 traceability	 attributes	 in	 aluminium	 products.	 Analysis	 was	 conducted	 using	 a	 basic	
multinomial	logit	model.	The	estimated	mean	willingness	to	pay	(WTP)	for	blockchain-enabled	traceability	
was	€0.92/kg,	with	a	95%	confidence	interval	of	[€0.85/kg,	€0.99/kg].	Among	ESG-oriented	buyer	profiles,	
WTP	rose	to	€1.20/kg	(95%	CI:	[€1.10/kg,	€1.30/kg]),	indicating	a	market	segment	with	elevated	sensitivity	
to	verified	transparency	and	provenance	signalling.	

Regarding	preference	heterogeneity,	The	analysis	was	based	on	interpretative	evaluation	rather	than	formally	
modelled	via	latent	class	or	cluster	techniques.	The	ESG-oriented	segment	was	identified	based	on	consistent	
choice	 patterns	 and	 sensitivity	 to	 traceability-related	 attributes	 across	 tasks,	 rather	 than	 through	 formal	
segmentation	analysis.	This	interpretative	approach	was	deemed	appropriate	given	the	exploratory	nature	of	
the	simulation	and	the	absence	of	observed	real-world	buyer	profiles.	

The	results	align	with	signalling	 theory,	suggesting	 that	enhanced	transparency	and	verification	positively	
influence	 buyer	 evaluations	 of	 aluminium	 products.	 Moreover,	 the	 presence	 of	 substantial	 heterogeneity	
underscores	the	strategic	potential	of	targeting	ESG-conscious	buyer	segments	within	industrial	B2B	markets.	

4.3 ROI	INTEGRATION		
When	WTP	estimates	were	applied	to	Mikraltek’s	production	and	pricing	data,	the	model	projected	an	internal	
rate	of	return	(IRR)	of	218%,	with	a	break-even	point	reached	in	13	months	under	baseline	conditions.	This	
projection	assumes	full	adoption	of	blockchain-enabled	traceability	and	stable	premium	prices	over	time.	

A	structured	sensitivity	analysis	was	conducted	to	assess	the	robustness	of	these	outcomes	across	adverse	
scenarios.	Three	variations	were	modelled.	First,	a	20%	reduction	in	WTP	lowered	the	IRR	to	160%,	extending	
the	break-even	point	to	15	months.	Second,	a	20%	increase	in	implementation	cost	reduced	the	IRR	to	180%,	
with	 break-even	 occurring	 at	 14	 months.	 Finally,	 when	 both	 adverse	 conditions	 were	 combined—a	
simultaneous	20%	reduction	in	WTP	and	a	20%	increase	in	implementation	cost—the	IRR	remained	above	
130%,	with	the	break-even	point	reached	within	18	months.	
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These	results	suggest	 that	even	under	conservative	assumptions,	blockchain-enabled	traceability	offers	an	
economically	viable	investment	proposition	for	SMEs	operating	in	the	aluminium	sector.	Furthermore,	they	
reinforce	findings	from	prior	literature	indicating	that	digital	traceability	in	industrial	B2B	supply	chains	can	
yield	 strong	 financial	 returns	 (Bharadwaj	 et	 al.,	 2013;	 Kshetri,	 2018).	 Unlike	 many	 consumer-facing	
blockchain	 applications,	 where	 cost-to-value	 alignment	 is	 often	 uncertain,	 this	 analysis	 indicates	 that	
industrial	buyers	in	the	aluminium	market	may	exhibit	sufficiently	high	WTP	to	justify	adoption—providing	
SMEs	such	as	Mikraltek	with	an	opportunity	to	leverage	verified	transparency	as	a	source	of	both	strategic	
differentiation	and	measurable	economic	value.	

5 DISCUSSION	
This	simulation-based	study	provides	converging	evidence	that	blockchain-enabled	traceability	can	offer	both	
strategic	 and	 economic	 value	 in	 industrial	 aluminium	 supply	 chains.	 By	 integrating	 a	 costed	 engineering	
prototype	 with	 behavioural	 estimates	 of	 willingness	 to	 pay	 (WTP),	 the	 findings	 suggest	 that	 verified	
traceability—particularly	 when	 linked	 to	 sustainability	 attributes—can	 evolve	 beyond	 a	 compliance	
mechanism	to	become	a	source	of	competitive	differentiation	and	enhanced	margin	potential	in	B2B	contexts.	

Theoretically,	the	results	support	the	VRIOS²	extension	of	the	Resource-Based	View	(RBV).	The	traceability	
capability	examined	here	aligns	with	the	classical	VRIO	criteria,	being	valuable	(as	reflected	in	buyer	WTP	
premiums),	rare	(given	limited	adoption	in	industrial	metals	markets),	inimitable	(through	architectural	and	
trust-based	 complexities),	 and	 organisationally	 embedded	 (via	 SME-compatible	 systems	 architecture).	
Additionally,	 the	 capability	 addresses	 the	 sustainability	 and	 servitisation	 dimensions:	 it	 enables	 ESG	
reporting,	ethical	sourcing	verification,	and	client-facing	digital	services	such	as	product	passports.	

It	is	important	to	note,	however,	that	this	VRIOS²	alignment	was	assessed	within	a	simulated	environment.	
While	the	conceptual	fit	appears	strong,	caution	is	warranted	in	generalising	these	findings	to	live	industrial	
settings.	 Organisational	 and	 ecosystem-level	 factors—such	 as	 inter-firm	 trust,	 regulatory	 evolution,	 and	
market	 signalling	 dynamics—will	 likely	 shape	 the	 realised	 strategic	 value	 of	 such	 capabilities.	 Future	
empirical	validation	in	operational	contexts	remains	essential.	

The	strong	WTP	observed	among	ESG-oriented	buyers	reinforces	blockchain’s	potential	role	as	an	enabler	of	
transparency	aligned	with	emerging	regulatory	and	normative	pressures,	 including	the	EU	Digital	Product	
Passport	and	the	Carbon	Border	Adjustment	Mechanism.	These	institutional	shifts	underscore	the	growing	
strategic	relevance	of	verifiable	environmental	data,	particularly	in	sectors	like	aluminium,	where	emissions	
are	material	and	scrutiny	is	intensifying.	

Managerially,	 the	 findings	 suggest	 that	 SMEs	 in	 the	 metals	 sector	 can	 credibly	 differentiate	 themselves	
through	 traceability	 capabilities,	 not	 solely	 through	 product	 attributes.	 The	 relatively	 low	 simulated	
implementation	 cost	 (€0.08/kg)	 compared	 to	 the	 observed	WTP	 premium	 (€0.92–€1.20/kg)	 points	 to	 a	
viable	path	 for	 revenue	growth	and	market	positioning,	 particularly	 in	ESG-sensitive	 geographies	 such	 as	
Germany.	For	firms	like	Mikraltek—already	VRIO-qualified	in	process	capabilities—traceability	may	act	as	a	
value	amplifier.	

From	a	financial	perspective,	the	projected	IRR	of	218%	and	break-even	in	13	months	indicate	that	blockchain	
investments	can	yield	attractive	returns,	even	under	conservative	assumptions.	Rather	than	challenging	the	
notion	that	sustainability-aligned	technologies	struggle	to	deliver	tangible	returns,	these	results	contribute	to	
a	more	nuanced	understanding—highlighting	that	under	certain	conditions,	verified	transparency	can	indeed	
support	both	ESG	goals	and	economic	performance.	

Moreover,	 the	 preference	 heterogeneity	 identified	 in	 the	 DCE	 underscores	 the	 importance	 of	 targeted	
positioning.	 ESG-conscious	 procurement	 segments	 should	 be	 explicitly	 addressed	 in	 marketing	 and	
contracting.	 Emphasising	 the	 credibility	 and	 auditability	 of	 blockchain	 systems—key	 factors	 in	 signalling	
theory—can	 enhance	 buyer	 trust	 and	 willingness	 to	 pay,	 particularly	 in	 markets	 where	 greenwashing	
concerns	remain	salient.	

It	 is	also	essential	 to	consider	organisational	readiness	as	a	potential	moderating	factor	 in	the	adoption	of	
blockchain-enabled	 traceability,	 especially	 among	 SMEs.	 Factors	 such	 as	 digital	 maturity,	 leadership	
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commitment,	and	change	management	capabilities	will	likely	influence	both	adoption	timelines	and	realised	
value.	Future	research	should	explore	these	organisational	dynamics	in	greater	depth.	

In	 conclusion,	 when	 strategically	 deployed	 and	 credibly	 signalled,	 blockchain-enabled	 transparency	 may	
evolve	from	a	technical	feature	to	a	core	pillar	of	digital	competitiveness.	Its	strategic	potential	will	depend	
not	 only	 on	 technical	 implementation	 but	 on	 alignment	 with	 buyer	 values,	 regulatory	 trajectories,	 and	
organisational	 capabilities.	 By	 clarifying	 these	 dynamics,	 this	 study	 contributes	 to	 both	 academic	
understanding	and	managerial	practice	in	an	era	of	increasingly	transparency-driven	industrial	markets.	

6 CONCLUSION	
This	study	explored	whether	blockchain-enabled	traceability	can	generate	measurable	economic	and	strategic	
value	in	industrial	aluminium	supply	chains.	Through	the	integration	of	a	costed	engineering	simulation	and	
a	discrete	choice	experiment	(DCE),	 the	research	assessed	both	 the	 feasibility	of	 implementing	blockchain	
systems	within	an	SME	context	and	the	extent	to	which	industrial	buyers	are	willing	to	pay	(WTP)	for	verified	
transparency.	

Three	 key	 contributions	 emerge.	 First,	 the	 findings	 provide	 experimental	 evidence	 that	 blockchain-based	
traceability	commands	a	meaningful	premium	in	B2B	markets,	with	an	average	WTP	of	€0.92/kg	and	up	to	
€1.20/kg	among	ESG-oriented	buyer	segments.	This	suggests	that	traceability,	when	credibly	implemented,	
can	serve	not	merely	as	a	compliance	feature	but	as	a	monetisable	strategic	asset.	

Second,	 the	study	advances	 the	Resource-Based	View	(RBV)	by	applying	 the	extended	VRIOS²	 framework,	
demonstrating	 that	 digital	 transparency	 systems	 can	 satisfy	 the	 criteria	 for	 sustained	 competitive	
advantage—not	only	in	terms	of	value,	rarity,	and	inimitability,	but	also	through	alignment	with	sustainability	
objectives	and	service-based	value	creation.	It	is	important	to	emphasise,	however,	that	this	alignment	was	
assessed	within	a	simulation-driven	methodological	foundation;	further	empirical	validation	in	operational	
contexts	is	warranted.	

Third,	 by	 integrating	WTP	 data	 with	 cost	 simulations,	 the	 analysis	 demonstrates	 that	 SMEs	 can	 achieve	
attractive	 returns	 from	 such	 investments.	 The	 projected	 IRR	 of	 218%	 and	 a	 break-even	 point	 within	 13	
months	 indicate	 that,	 under	 certain	 market	 conditions,	 blockchain-enabled	 traceability	 can	 deliver	 both	
strategic	 differentiation	 and	 financial	 value.	 Rather	 than	 asserting	 that	 this	model	 universally	 transforms	
sustainability	investments,	the	findings	suggest	that	under	appropriate	alignment	of	buyer	values,	regulatory	
frameworks,	 and	 organisational	 readiness,	 verified	 transparency	 can	 support	 both	 ESG	 ambitions	 and	
economic	performance.	

While	 based	 on	 simulation,	 the	 study	 offers	 a	 robust	 conceptual	 and	methodological	 contribution	 to	 the	
evolving	discourse	on	digital	transparency	in	industrial	supply	chains.	It	also	provides	a	quantified	rationale	
to	 inform	 strategic	 decisions	 by	 SMEs	 and	 policymakers	 operating	 in	 increasingly	 transparency-driven	
markets.	As	ESG	disclosure	and	 traceability	become	central	 to	market	access	and	competitive	positioning,	
blockchain-enabled	systems	represent	a	promising,	though	not	universally	applicable,	capability.	

7 LIMITATIONS	AND	FUTURE	RESEARCH	
This	analysis	presents	a	simulation-based	proof	of	concept	for	blockchain-enabled	traceability	in	industrial	
aluminium	supply	chains.	While	the	mixed-methods	design	offers	strong	theoretical	coherence	and	internal	
validity,	several	limitations	warrant	careful	consideration.	

First	and	foremost,	the	study	was	conducted	within	a	simulation-driven	methodological	foundation.	Although	
the	 engineering	model	 and	 discrete	 choice	 experiment	 (DCE)	were	 grounded	 in	 realistic	 parameters	 and	
behavioural	 literature,	 they	do	not	 capture	 the	 full	 complexity	of	 live	 industrial	environments.	Real-world	
variables,	such	as	system	integration	challenges,	organisational	inertia,	evolving	regulatory	landscapes,	and	
inter-firm	 data	 governance,	 may	 materially	 affect	 the	 feasibility	 and	 performance	 of	 blockchain-enabled	
traceability	in	practice.	

Second,	the	DCE	relied	on	hypothetical	buyer	profiles	and	simulated	procurement	scenarios.	While	care	was	
taken	to	align	the	simulation	with	documented	procurement	heuristics	and	industry	norms,	the	absence	of	
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real	 participants	 limits	 the	 interpretive	 strength	 of	 the	 estimated	 willingness	 to	 pay.	 Moreover,	 buyer	
premium	 volatility	 over	 time	 was	 not	 explicitly	 modelled;	 in	 dynamic	 markets,	 such	 fluctuations	 could	
influence	the	realised	economic	value	of	traceability	investments.	

Third,	the	engineering	simulation,	though	based	on	Hyperledger	Fabric	and	SME-relevant	assumptions,	was	
not	 tested	 in	a	 live	operational	setting.	Factors	such	as	system	scalability,	 interoperability	with	enterprise	
resource	planning	systems,	and	cross-organisational	trust	dynamics	remain	unobserved.	These	dimensions	
could	significantly	impact	adoption	costs,	timelines,	and	stakeholder	engagement.	

Finally,	while	the	VRIOS²	framework	offers	a	promising	extension	of	the	Resource-Based	View,	its	broader	
applicability	requires	further	empirical	validation.	The	framework’s	relevance	across	industries,	firm	sizes,	
and	cultural	contexts	remains	to	be	systematically	explored.	

Future	 research	 should	 address	 these	 gaps	 through	 field-based	 DCEs	 involving	 actual	 procurement	
professionals,	particularly	in	sectors	where	traceability	is	becoming	mandatory	or	market-driven.	Similarly,	
industrial	pilot	deployments	of	blockchain-enabled	traceability	could	yield	critical	insights	into	operational	
feasibility,	adoption	dynamics,	and	user	acceptance.	

An	important	additional	avenue	for	exploration	involves	organisational	and	cultural	factors	as	moderators	of	
WTP	 and	 adoption	 success.	 Variables	 such	 as	 digital	 maturity,	 leadership	 orientation,	 risk	 appetite,	 and	
national	cultural	dimensions	may	significantly	shape	how	industrial	buyers	and	firms	engage	with	verified	
transparency.	 Understanding	 these	 moderating	 effects	 would	 enrich	 both	 theoretical	 understanding	 and	
managerial	guidance	in	this	evolving	domain.	

In	sum,	while	this	study	contributes	a	structured	and	conceptually	integrated	foundation,	further	empirical	
work	is	essential	to	fully	substantiate	the	strategic	and	economic	potential	of	blockchain-enabled	traceability	
in	industrial	B2B	markets.	
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