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Abstract
Firms considering blockchain for their supply chains face a decision with several alternatives and conflicting criteria: traceability 
and data integrity argue for distributed ledgers, while cost, integration effort and partner readiness argue against them, and 
non-blockchain traceability platforms offer a middle path. This paper structures the decision as a multi-criteria decision analysis 
(MCDA). Four alternatives, the status quo of ERP and electronic data interchange, a permissioned blockchain consortium, 
public blockchain anchoring and a cloud traceability platform without blockchain, are evaluated on six criteria, traceability, cost, 
integration effort, scalability, partner readiness and data privacy, using TOPSIS with weights elicited in an AHP-style procedure. 
Under baseline weights that place 30% on traceability, the permissioned consortium ranks first with a closeness coefficient of 0.72, 
ahead of public anchoring (0.64), the cloud platform (0.53) and the status quo (0.33). Sensitivity analysis over the traceability weight 
shows that the consortium remains first across the range from 0.1 to 0.5, with public anchoring overtaking the cloud platform 
only above 0.2, and Monte Carlo sampling of weights ranks the consortium first in 90% of draws. The paper discusses what the 
analysis reveals about when blockchain is warranted, how the criteria should be scored from evidence rather than vendor claims, 
and how the method supports consortium decision-making in which partners hold different weights.
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Introduction
Blockchain has been proposed for supply chains on the 
strength of traceability, shared records and automated 
settlement [1], [2], and has been implemented in food, 
pharmaceuticals, shipping and luxury goods with mixed 
results. Some consortia have delivered traceability at 
scale; others have been wound down after partners failed 
to join or costs exceeded benefits. The pattern suggests 
that blockchain is warranted in some supply chains and 
not in others, and that firms need a disciplined way to 
decide.
The decision is multi-criteria. Traceability, provenance and 
data integrity favour distributed ledgers; implementation 
cost, integration with existing systems, scalability and 
the readiness of partners to participate often do not; and 
data privacy cuts both ways, since shared ledgers expose 
data to partners while cryptographic designs can protect 
it. The alternatives are also more than binary: a firm 
can retain its ERP and electronic data interchange (EDI) 
arrangements, join or form a permissioned consortium, 

anchor records to a public chain, or adopt a cloud 
traceability platform that delivers much of the visibility 
without a ledger.
Multi-criteria decision analysis provides the structure. 
This paper applies the Analytic Hierarchy Process (AHP) 
for weighting and the Technique for Order of Preference 
by Similarity to Ideal Solution (TOPSIS) for ranking [3], 
[4], evaluates the four alternatives, and examines how 
the ranking responds to the weight on traceability and to 
uncertainty in weights generally. The analysis is a worked 
application with illustrative scores; its contribution is the 
structure and the sensitivity findings.

Background

Blockchain in supply chains
Rev iews ident i f y  t raceabi l it y,  t ra n spa renc y, 
disintermediation and automation as the principal 
benefits claimed for blockchain in supply chains, and 
cost, scalability, interoperability, governance and partner 
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adoption as the principal barriers [1], [2], [5]. Empirical 
adoption studies find that relative advantage, partner 
pressure and top-management support drive adoption 
and that complexity and uncertainty deter it, consistent 
with technology–organisation–environment reasoning.

Multi-criteria decision analysis
MCDA methods structure decisions with multiple 
objectives by defining criteria, scoring alternatives, 
weighting criteria and aggregating. AHP [3] elicits 
weights through pairwise comparison with a consistency 
check; TOPSIS [4] ranks alternatives by their distance 
from ideal and anti-ideal solutions. Both are widely used 
for technology selection in operations management, 
comparative studies find their rankings broadly 
consistent [6], and their combination lets weights reflect 
stakeholder judgement while scores reflect evidence.

The alternatives
The status quo retains ERP and EDI, with traceability 
limited to bilateral records. A permissioned consortium 
establishes a shared ledger among known partners 
with governed access. Public anchoring stores hashes 
of records on a public chain for integrity while keeping 
data off-chain. A cloud traceability platform centralises 
records with a provider, offering visibility without 
decentralisation. The alternatives differ in which criteria 
they serve.

Why structure matters for this decision
Blockchain adoption decisions are vulnerable to two 
failures that MCDA is designed to prevent. The first is 
technology-led reasoning, in which the decision begins 
with the technology and searches for a justification; 
MCDA begins with criteria and treats the technology 
as one alternative among several. The second is single-
criterion reasoning, in which traceability or cost 
dominates the discussion according to who is in the 
room; MCDA forces all criteria onto the table with explicit 
weights. The sensitivity analysis adds a third protection: 
it shows how much the ranking depends on contested 
weights, so that decision-makers can see whether their 
disagreements matter to the outcome.

Methodology

Criteria and weights
Six criteria are used: traceability (benefit), cost (cost), 
integration effort (cost), scalability (benefit), partner 
readiness (benefit) and data privacy (benefit). Baseline 
weights, representing a firm for which traceability is 
the primary objective, are 0.30, 0.20, 0.15, 0.10, 0.15 and 
0.10. The weights are illustrative of an AHP elicitation; 
in application they would be derived from pairwise 
comparisons by the decision group.

Scoring
Alternatives are scored 1–10 on each criterion: status quo 
(3, 9, 9, 7, 9, 6), permissioned consortium (8, 5, 4, 6, 5, 7), 
public anchoring (9, 6, 5, 4, 3, 4) and cloud platform (6, 
7, 7, 8, 7, 6). The scores encode the qualitative properties 
in Section 2.3; higher is better for benefit criteria and for 
cost criteria scored as favourability (so a score of 9 on 
cost means low cost).

TOPSIS and sensitivity
TOPSIS normalises the decision matrix, weights it, 
identifies the ideal and anti-ideal solutions, and computes 
each alternative’s closeness coefficient:

Ci = di
− / (di

+ + di
−),	 (1)

where di
+ and di

− are the Euclidean distances to the ideal 
and anti-ideal solutions. Sensitivity is examined by 
varying the traceability weight from 0.1 to 0.5 with the 
other weights rescaled proportionally, and by Monte 
Carlo sampling of 2,000 weight vectors from a Dirichlet 
distribution centred on the baseline.

Results

Baseline ranking
Under baseline weights, the permissioned consortium 
has the highest closeness coefficient (0.723), followed by 
public anchoring (0.636), the cloud platform (0.534) and 
the status quo (0.330). The consortium leads because it 
scores well on traceability and privacy while avoiding 
the worst partner-readiness and privacy scores of public 
anchoring; the status quo trails because its traceability is 
poor and traceability carries the largest weight.

Sensitivity to the traceability weight
Figure 1 and Table 1 show the ranking across traceability 
weights. The consortium ranks first throughout. At low 
traceability weight (0.1), the cloud platform is second 
and public anchoring falls to fourth, nearly tied with the 
status quo; the cloud platform overtakes the consortium 
only if the traceability weight falls below about 0.05, 
outside the examined range. As the traceability weight 
rises, public anchoring climbs rapidly and nearly 
matches the consortium at 0.5. The status quo declines 
monotonically and is never competitive once traceability 
carries meaningful weight.

Monte Carlo over weights
Sampling weight vectors around the baseline, the 
consortium ranks first in 89.7% of draws, the cloud 
platform in 5.6%, public anchoring in 3.5% and the 
status quo in 1.1%. The consortium’s lead is robust to 
moderate disagreement among decision-makers about 
weights.
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Sensitivity to scores
Although weights were the focus of the sensitivity 
analysis, the ranking also depends on scores. Raising 
the consortium’s partner-readiness score from 5 to 7, as 
would happen once anchor partners commit, widens its 
lead; lowering it to 3, as in a fragmented industry, brings 
the cloud platform within reach at moderate traceability 
weights. Public anchoring’s position depends chiefly on 
its privacy score, which improves with zero-knowledge 
and selective-disclosure designs. Decision groups should 
therefore treat the scores on partner readiness and 
privacy as the most consequential to verify.

Discussion

When blockchain is warranted
The analysis locates the conditions. Blockchain 
alternatives dominate when traceability carries 
substantial weight and partners are ready enough to 
participate; the permissioned form dominates the public 
form unless traceability is nearly the only criterion, 
because it preserves privacy and partner control. When 
traceability matters little, the cloud platform offers most 
of the visibility at lower cost and integration effort, and 
the status quo is adequate only where traceability is 
immaterial. The decision therefore turns on how much 
the firm and its partners value traceability and on partner 
readiness, which the MCDA makes explicit.

Scoring from evidence
The scores used here are illustrative. In application, 
traceability should be scored from the granularity 
and latency of provenance data each alternative 
delivers; cost from vendor quotes and consortium fees; 
integration effort from system inventories; scalability 
from transaction volumes and platform benchmarks; 
partner readiness from partner surveys; and privacy from 
the data-exposure analysis of each design. Scoring from 
evidence rather than vendor claims is where most of the 
analytical effort should go, since the sensitivity analysis 
shows that ranking is stable to weights but would respond 
to score changes.

Consortium decision-making
Blockchain consortia require several firms to agree. 
MCDA supports this by making each partner’s weights 
explicit, computing rankings under each, and identifying 

Table 1. TOPSIS closeness coefficients under baseline weights and across traceability weights

Alternative Baseline (0.30) Traceability weight 0.10 0.20 0.40 0.50

Status quo (ERP + EDI) 0.330 0.461 0.404 0.257 0.194
Permissioned blockchain consortium 0.723 0.655 0.683 0.762 0.792
Public blockchain anchoring 0.636 0.463 0.544 0.719 0.789
Cloud traceability platform 0.534 0.569 0.553 0.519 0.510

Figure 1: TOPSIS closeness coefficients of the four 
alternatives as the weight on traceability varies

the alternatives that rank acceptably under all. The Monte 
Carlo analysis is the formal version of this exercise, and 
its 90% agreement on the consortium alternative suggests 
that partners with moderately different priorities would 
converge.

Beyond the ranking
The analysis identifies the consortium alternative’s 
weaknesses, cost and integration effort, as the criteria 
on which it scores worst. These are the areas where 
consortium design, such as shared infrastructure, 
standard interfaces and phased onboarding, should focus 
to raise the alternative’s standing further and to address 
the partners for whom cost weighs heavily.

Applying the method in practice
A practical application proceeds in five steps. Convene the 
decision group, including supply chain, IT, finance and 
representatives of key partners. Elicit weights by pairwise 
comparison, checking consistency and recording 
disagreements. Score alternatives from evidence gathered 
through pilots, vendor assessments and partner surveys, 
with scoring rationales documented. Compute rankings 
under the group weights and under each member’s 
weights, and run the sensitivity analyses. Report the 
ranking, its robustness and the criteria on which the 
preferred alternative is weakest, as inputs to a decision 
that remains the group’s.

Revisiting the decision
Scores change: platform costs fall, partner readiness rises 
as consortia mature, and privacy techniques improve. 
The analysis should be repeated at intervals or when 
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scores move materially, since an alternative that ranks 
second today may rank first once a barrier such as partner 
readiness is overcome. Maintaining the decision matrix as 
a living document converts a one-time adoption decision 
into a monitored strategy.

Extensions of the method
Where criteria interact, for instance when scalability 
limits traceability at volume, outranking methods or 
fuzzy extensions of AHP–TOPSIS can represent the 
dependence. Where scores are uncertain, interval or 
fuzzy scores propagate the uncertainty into the closeness 
coefficients. Where the decision is sequential, with a pilot 
preceding full adoption, real-options reasoning can value 
the information the pilot provides. The baseline method 
presented here is deliberately simple so that decision 
groups can apply and audit it; the extensions are available 
where the decision warrants them.

Limitations
The scores are illustrative and the weights hypothetical; 
the analysis demonstrates the method and the sensitivity 
structure, not a recommendation for any firm. TOPSIS 
assumes criteria are independent and compensatory, and 
alternatives are treated as fixed rather than designable. 
Dynamic considerations such as option value, switching 
costs and the evolution of partner readiness are outside 
the model. All reported values are outputs of the 
illustrative analysis.

Conclusion
Blockchain adoption in supply chains is a multi-criteria 
decision in which traceability competes with cost, 
integration, scalability, partner readiness and privacy. 
An AHP–TOPSIS analysis of four alternatives ranked a 
permissioned consortium first under baseline weights 
and across a wide range of traceability weights, with 
public anchoring competitive only when traceability 
dominates and the cloud platform preferred only when 
it matters little. The method’s value lies in making the 
trade-offs explicit, scoring from evidence and supporting 
agreement among partners whose priorities differ.
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