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The objective of the present study is to develop a model for green research and
development (R&D) in the path towards sustainable development within the
home appliance industry. This research is applied in nature and descriptive-
survey in terms of data collection method. Initially, through a literature review,
30 factors were identified as indicators for green development and formulation
and were categorized into five dimensions: green management, product
performance and stakeholders, internal environment management, green
innovation, and energy and resource consumption management. To screen and
validate the factors extracted from the literature, the fuzzy Delphi method was
used by surveying 15 selected experts through purposive sampling, which led
to the identification of 25 components across the five dimensions.
Subsequently, the importance of each criterion and sub-criterion was
determined based on the Analytic Network Process (ANP) method, using a
pairwise comparison questionnaire with Super Decisions software. The
reliability of the tool was confirmed with a consistency ratio below 0.1. Based
on the findings, green management, with a weight of (0.261), has the highest
priority among the other criteria. Similarly, the product performance and
stakeholders criterion (0.220) ranks second, internal environment management
(0.202) ranks third, green innovation with a weight of (0.191) ranks fourth, and
energy and resource consumption management with a weight of (0.124) ranks
fifth. According to this ranking, it can be concluded that factors related to green
management hold the greatest importance in green R&D indicators.
Keywords: Research and Development, Green R&D, Sustainable Production,
Home Appliance Industry, Network Analysis.
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EXTENDED ABSTRACT
Introduction

Green research and development (R&D) has emerged as a critical pathway for industries striving
towards sustainable development, particularly in sectors such as home appliances, which have
considerable environmental impacts. Research and development (R&D) is defined as systematic creative
work aimed at expanding scientific knowledge and using that knowledge to invent or improve products
and processes (Liu et al., 2023). In recent decades, the concept of green R&D has become central as
industries face growing pressures to mitigate environmental degradation caused by greenhouse gas
emissions, ozone depletion, and other ecological threats (Jones et al., 2008).

Industries, especially those involved in manufacturing, like the home appliance sector, must adopt
green practices to comply with emerging environmental regulations and satisfy consumer demand for
sustainable products (Yang & Chen, 2011). Since the 1987 introduction of the concept of sustainable
development by the United Nations, industrial sectors have been at the forefront of the global discourse
on balancing economic growth with environmental protection. This has necessitated a shift in
organizational strategies, leading to the integration of green R&D and the development of environmentally
friendly products (Murat Ar, 2012).

Iran, with a fragile environmental framework and weaker enforcement of environmental laws,
needs to prioritize sustainable development (Shahabadi et al., 2023). With the country’s growing home
appliance industry, there is a substantial need for strategies that ensure sustainable production, minimize
environmental damage, and enhance the competitiveness of Iranian products both nationally and globally.
This study aims to develop a model for green R&D within the home appliance sector by identifying key
indicators and ranking them based on their importance to sustainable development.

Methods and Materials

This research employed a mixed-methods approach, combining both qualitative and quantitative
techniques. The study initially conducted a literature review to identify key indicators for green R&D in
the home appliance industry. From this review, 30 potential indicators were identified and categorized
into five dimensions: green management, product performance and stakeholders, internal environment
management, green innovation, and energy and resource consumption management.

To refine and validate these indicators, the Fuzzy Delphi method was applied. A purposive sample
of 15 experts, selected based on their expertise in the home appliance industry, participated in the Delphi
process. The experts were asked to rate the importance of each indicator, and their responses were
converted into fuzzy numbers to account for uncertainty in the data. This process led to the identification
of 25 components across the five dimensions.

Following the Fuzzy Delphi analysis, the importance of each criterion was evaluated using the
Analytic Network Process (ANP) method. A pairwise comparison questionnaire was administered to the
experts, and the data was analyzed using Super Decisions software to determine the relative weights of
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each indicator. The consistency ratio of the pairwise comparisons was below 0.1, confirming the reliability
of the results.

Findings and Results

The results of the Fuzzy Delphi analysis identified 25 validated components across the five
dimensions of green R&D in the home appliance industry. Based on the ANP analysis, green management
emerged as the most critical dimension, with a weight of 0.261. This indicates that green management
practices, which include establishing a green organizational culture and adopting eco-friendly policies,
are paramount in driving green R&D efforts in the industry.

The second most important dimension was product performance and stakeholder engagement, with
a weight of 0.220. This dimension emphasizes the need for companies to focus on improving the
environmental performance of their products while maintaining strong relationships with stakeholders,
including consumers, suppliers, and regulatory bodies.

Internal environment management ranked third, with a weight of 0.202. This dimension involves
the adoption of green practices within the organization, such as energy conservation, waste reduction, and
the use of environmentally friendly materials.

Green innovation, with a weight of 0.191, ranked fourth. This dimension highlights the importance
of fostering innovation in product design and manufacturing processes to minimize environmental impacts
and improve sustainability. Energy and resource consumption management was ranked fifth, with a weight
of 0.124. This finding underscores the need for companies to optimize their use of natural resources and
reduce energy consumption in their operations.

Discussion and Conclusion

The findings of this study align with previous research, which has emphasized the importance of
green management in achieving sustainability goals (Murat Ar, 2012). Green management involves not
only compliance with environmental regulations but also the proactive adoption of practices that reduce
environmental harm, such as the development of green technologies and the promotion of eco-friendly
organizational cultures. By prioritizing green management, companies in the home appliance industry can
enhance their sustainability while also improving their competitiveness in global markets.

The second-ranking dimension, product performance and stakeholder engagement, reflects the
growing recognition of stakeholders’ role in driving sustainability initiatives. Companies that actively
engage with stakeholders to address environmental concerns are more likely to develop products that meet
consumer demands for sustainability (Jones et al., 2008). This dimension also underscores the importance
of product lifecycle management, from design to disposal, in minimizing environmental impacts.

The importance of internal environment management, ranked third, suggests that organizations
must focus on their internal operations to achieve sustainability. This includes adopting energy-efficient
practices, reducing waste, and promoting a culture of sustainability within the workforce (Yang & Chen,
2011). By doing so, companies can not only reduce their environmental footprint but also lower operating
costs through more efficient resource use.

The relatively lower ranking of green innovation (fourth) and energy and resource consumption
management (fifth) highlights the challenges that companies face in these areas. While innovation is
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critical for developing new green products and processes, it often requires significant investment and may
not yield immediate returns (Chen et al., 2021). Similarly, managing energy and resource consumption
effectively requires advanced technologies and systems, which may not be readily available to all
companies in the industry.

In conclusion, this study provides valuable insights into the key dimensions of green R&D in the
home appliance industry. By prioritizing green management, product performance, and internal
environment management, companies can enhance their sustainability efforts and contribute to the
achievement of global environmental goals. Future research should explore strategies for overcoming the
barriers to green innovation and resource management, as these are critical to long-term sustainability.
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