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Extended Abstract

Introduction. The dairy supply chain, due to the perishable nature of raw milk, the large number of
supply chain actors, safety sensitivities, and the vital role of trust among stakeholders including
animal feed producers, livestock holding facilities, and raw milk collection centers has long faced
challenges such as lack of information transparency across the supply chain, risk of fraud, weak
traceability of shared information, and mistrust among members of the dairy supply chain. These
challenges are particularly critical in the upstream stages of the chain and can lead to significant
economic and public health consequences for the entire system. In recent years, blockchain
technology has emerged as a key technology of the Fourth Industrial Revolution, aimed at
enhancing transparency, trust, and traceability in food supply chains. However, the future
application of this technology in the dairy supply chain especially in the critical and less-studied
“farm-to-factory” segment is surrounded by considerable uncertainty. These uncertainties stem from
the simultaneous interaction of technical, organizational, and environmental factors within the dairy
supply chain context. The objective of this study is to elucidate the possible futures of blockchain
adoption in the dairy supply chain, with a focus on the upstream segment, and to identify the key
scenarios ahead.

Methods. The present study is applied in nature and exploratory futures-oriented in approach.
Using a scenario-based framework, the key drivers affecting the adoption of blockchain technology
in the dairy supply chain were first identified and refined through a literature review and expert
consultation. Then, by considering different plausible states for each driver, the necessary data were
collected and analyzed. Finally, future scenarios for the adoption of blockchain in the dairy supply
chain were developed, evaluated, and compared. This approach enables a systematic examination of
uncertainties and the mapping of a spectrum of conceivable futures.
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Results and Discussion. The results indicate that seven key drivers play a dominant role in shaping
the future of blockchain adoption in the dairy supply chain: production system flexibility, trust
among supply chain actors, collaboration with information and communication technology (ICT)
providers, readiness of supply chain partners, social acceptance of blockchain technology,
investment attraction, and the level of inter-organizational collaboration. Based on morphological
analysis and scenario quality assessment, ten high-consistency and high-probability scenarios were
identified. The findings reveal that even in scenarios characterized by high social acceptance of
blockchain technology, insufficient investment and weak coordination among supply chain actors
can significantly limit its effective implementation in the upstream dairy supply chain. In contrast,
optimistic scenarios emphasize the simultaneous strengthening of technological readiness, trust-
building mechanisms, and collaborative governance structures as prerequisites for ensuring milk
authenticity, reducing fraud risks, and improving transparency between farms and processing plants.

Conclusion. This study demonstrates that the successful future implementation of blockchain
technology in the dairy supply chain particularly in the critical farm-to-factory segment depends not
only on technological advancement but also on institutional, behavioral, and collaborative factors.
The developed scenarios provide a structured framework for understanding uncertainties and
guiding strategic decision-making. From a practical perspective, the results offer valuable insights
for dairy industry managers and policymakers to design gradual, cost-effective, and trust-oriented
pathways for blockchain adoption, ultimately contributing to enhanced transparency, food safety,
and sustainability in the dairy sector. Accordingly, the informed use of this study’s findings can
contribute to improved policymaking quality and reduced implementation risks in the future.
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