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The product-as-a-service (PaaS) model, as an innovative approach within the circular
economy framework, leverages digital technologies such as the Internet of Things
(10T) and blockchain to enhance efficiency and sustainability. However, implementing
this model in developing countries like Iran faces structural barriers. The main purpose
of this research is to identify and weigh the key barriers to advancing the PaaS model
in Iran’s food industry and to propose practical strategies to overcome them. To
achieve this goal, the initial barriers were first determined through a literature review
and validated using the Delphi method with the participation of experts. The final
barrier weights were established using the modified Best-Worst Method (BWM)
supported by Z-numbers to manage data uncertainty. The findings reveal that the
barriers are categorized into four groups: financial (e.g., high technology costs),
technical (lack of digital infrastructure), legal (absence of supportive policies), and
socio-cultural (preference for asset ownership and distrust of foreign companies). The
weighting analysis further indicates that technical and financial barriers have the
greatest impact on the non-adoption of this model. Consequently, the proposed
strategies include the development of digital infrastructure with government support,
the design of financial incentives, the implementation of training programs for
stakeholders, and the formulation of legal frameworks to facilitate private sector
participation. By combining qualitative and quantitative methods, this study provides
a systematic framework for prioritizing barriers that can help policymakers and
managers accelerate the transition to a circular economy.

Keywords: Product-as-a-service (PaaS); circular economy; food industry; barriers;
digital technologies; Internet of Things (l1oT); blockchain; Z-numbers; Best-Worst
Method (BWM)
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Extended Abstract
Introduction

The Product-as-a-Service (PaaS) model has emerged as an innovative business approach closely
aligned with the principles of the circular economy. Rather than transferring ownership of physical
products to customers, PaaS emphasizes delivering functional value through access and service. This shift
promotes sustainable consumption, longer product life cycles, and reduced waste by encouraging
manufacturers to maintain and upgrade equipment, thus aligning profitability with resource efficiency
(Mont et al., 2020). The approach is increasingly relevant in sectors such as the food supply chain, where
post-harvest losses and inefficiencies remain critical issues, particularly in developing countries
(Supreetha et al., 2023).

In Iran, structural deficiencies in the food system—such as outdated logistics and cold storage,
limited awareness of sustainable consumption, and reliance on manual processes—Ilead to substantial food
waste and resource depletion (Mashreq News, 2024; Saeidi et al., 2023). The Food and Agriculture
Organization (FAO) reports that an average of 134 kilograms of food calories per person are lost daily in
Iran, exacerbating environmental challenges such as greenhouse gas emissions and land degradation (Haji
& Valizadeh, 2024). Smallholder farmers and micro, small, and medium enterprises (MSMESs), which
form the backbone of the Iranian food sector, face significant obstacles in adopting advanced technologies
due to high upfront costs, infrastructure gaps, and limited access to credit (Aliakbari et al., 2022).

Globally, the application of digital technologies—including the Internet of Things (lIoT), artificial
intelligence (Al), and blockchain—has expanded the feasibility and efficiency of PaaS models in food
systems. 0T devices allow real-time monitoring of storage and transport conditions, reducing spoilage
and ensuring food safety (Baines & Lightfoot, 2013). Al enables predictive maintenance and optimization
of resource use (Chen et al., 2021), while blockchain technology enhances transparency and traceability
across supply chains, mitigating fraud and contamination risks (Kamath, 2018; Carson & Agyeman-Budu,
2020). Yet, studies show that in developing economies, barriers such as poor digital infrastructure,
unreliable energy supply, weak regulatory support, and socio-cultural resistance to non-ownership models
hinder successful adoption (Kumar et al., 2020; Mukherjee & Sovacool, 2021; Kanda et al., 2021).

Research on circular and servitization-based business models has identified the importance of local
context and multi-dimensional evaluation of barriers. For example, Bocken et al. (2019) highlighted the
need for integrating technical, financial, and socio-cultural considerations in circular transitions, while
Oghazi and Mostaghel (2018) emphasized cultural resistance to shared or service-based models. The
Iranian context adds complexity due to fluctuating currency values, fragmented policy frameworks, and
trust deficits between local producers and technology providers (Ali & Khan, 2019). Addressing these
multifaceted barriers requires both a robust analytical approach and practical policy strategies.

Against this backdrop, the present study aims to systematically identify and prioritize the barriers
to implementing the PaaS model in Iran’s food industry and propose actionable strategies to overcome
them. To achieve this, the study integrates qualitative expert-driven techniques with advanced multi-
criteria decision-making methods that accommodate uncertainty, offering a rigorous framework to guide
policymakers and industry leaders in accelerating sustainable transformation.
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Methods and Materials

This study adopted a mixed-methods design consisting of two main phases. First, potential barriers
to PaaS implementation in the Iranian food industry were identified through an extensive systematic
literature review of global and local research on circular economy, digital servitization, and food supply
chain sustainability. These initial barriers were refined and validated via the Delphi technique, engaging
13 experts with substantial experience in the food industry, technology adoption, and sustainable supply
chain management. Experts evaluated each barrier using a five-point Likert scale across two Delphi rounds
to reach consensus on relevance and contextual applicability.

After validating the barrier set, a modified Best-Worst Method (BWM) enhanced with Z-numbers
(ZBWM) was used to quantify the relative importance of each barrier category and sub-criterion. This
approach integrates fuzzy logic to handle expert uncertainty and confidence levels in pairwise
comparisons. The final weighting model assessed barriers across four main categories—financial,
technical, legal, and socio-cultural—subdivided into 31 specific factors such as high technology costs,
inadequate digital infrastructure, lack of supportive regulations, and cultural preference for asset
ownership.

Findings

The Delphi process consolidated a comprehensive list of 31 barriers, all deemed critical to the
adoption of PaaS in the Iranian food industry. The ZBWM analysis revealed four principal barrier groups,
with technical and financial barriers dominating the weighting structure. Technical barriers received the
highest relative importance at 45%, reflecting issues such as unreliable digital infrastructure, unstable
electricity supply, limited technical literacy, and cybersecurity risks. Financial barriers followed closely
at 34%, driven by high initial technology costs, restricted access to credit and financial services, and
currency volatility.

Legal barriers accounted for 12% of the total weight. These included insufficient policy
frameworks to promote technology adoption, bureaucratic import processes for advanced equipment,
unclear intellectual property protections, and inconsistent food safety regulations. Socio-cultural barriers
represented 9% but were still significant; these encompassed a strong cultural preference for ownership
over service-based access, distrust of foreign technology providers due to past negative experiences, and
limited community engagement in innovation programs.

Sub-factor analysis showed that inadequate digital infrastructure (B21) and high technology
implementation costs (B11) were the two most critical single barriers, followed by limited access to
financial credit (B12) and unreliable energy supply (B22). These high-impact barriers create a
compounding effect, making it challenging for small-scale actors to participate in and benefit from the
PaaS model.

Discussion and Conclusion

The findings underscore that implementing PaaS in Iran’s food industry is constrained primarily
by structural and resource-related challenges. The dominance of technical and financial barriers aligns
with global research indicating that infrastructure readiness and cost feasibility are prerequisites for
servitization in emerging markets (Bocken et al., 2019; Zaki & Yasin, 2021). Limited access to reliable
internet, electricity, and maintenance capabilities severely restricts the operational viability of digitally
enabled service models. Likewise, high capital requirements, inadequate credit systems, and currency



instability impede small and medium enterprises from transitioning away from traditional ownership
models.

Legal and socio-cultural barriers, while secondary in weighting, exert significant indirect
influence. Weak intellectual property protection discourages technology providers from introducing
advanced digital solutions (Ali & Khan, 2019). Regulatory ambiguity and bureaucratic delays further slow
the deployment of imported technologies and foreign partnerships, critical for knowledge and
infrastructure transfer. Cultural resistance to non-ownership models—rooted in asset-based perceptions
of security and autonomy—compounds these barriers, echoing earlier findings in the servitization
literature (Oghazi & Mostaghel, 2018; Patel & Sharma, 2022).

Strategically, overcoming these barriers demands a multi-level and cross-sectoral approach.
Government investment in digital and energy infrastructure can address the foundational technical deficits
while incentivizing renewable energy solutions in rural and peri-urban regions. Financial instruments such
as low-interest credit lines, currency hedging mechanisms, and targeted subsidies can lower entry costs
and de-risk technology adoption for small producers. Legal reforms to streamline import and certification
processes, strengthen intellectual property rights, and codify supportive technology adoption policies are
also essential to create an enabling environment.

In parallel, stakeholder capacity building is crucial to shift cultural perceptions and foster trust.
Locally adapted training programs in digital literacy, maintenance, and economic benefits of PaaS can
empower small farmers and food processors. Community involvement in technology planning and
implementation can also reduce skepticism and resistance while increasing adoption rates. Encouraging
partnerships between domestic and international firms can promote knowledge transfer and gradually
establish confidence in external service providers.

Overall, this study contributes a robust, evidence-based framework for understanding and
prioritizing the complex barriers to implementing PaaS in the Iranian food sector. By integrating
qualitative expert consensus with advanced multi-criteria decision modeling, it offers a replicable
analytical approach for other developing contexts. The proposed strategies—focused on infrastructure
development, financial support, regulatory reform, and socio-cultural engagement—provide actionable
pathways to accelerate the shift toward circular economy practices. This transition not only reduces food
waste and environmental impact but also enhances resilience, competitiveness, and sustainability in the
agri-food value chain.
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