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The global transition toward net-zero emissions and environmental sustainability has placed
increasing pressure on heavy industries to optimize processes and reduce their ecological footprint.
Addressing these challenges requires the integration of innovative managerial approaches capable
of supporting ambitious emission-reduction targets. In response, this study develops an integrated
and novel framework entitled “Value Engineering and Risk Assessment with a Fuzzy Approach”
(VENRA). The framework simultaneously focuses on two critical dimensions of industrial
performance: value engineering as a tool for cost optimization and efficiency enhancement, and
risk assessment as a mechanism for identifying, analyzing, and managing potential environmental
and operational threats.

To achieve this purpose, a comprehensive review of the literature was conducted to extract key
performance indicators (KPIs) related to net-zero emissions, value engineering, and risk
management. Subsequently, the fuzzy AHP-DEMATEL hybrid method was employed to
prioritize these indicators and reveal the complex causal relationships among them. The fuzzy
logic component enables modeling of the uncertainty inherent in expert judgment.

Findings derived from the assessment of 20 experts in heavy industries indicate that risk
management is the most influential criterion in achieving net-zero objectives. This is followed by
HSE (Health, Safety and Environment), waste management, accident prevention, and energy
management. The causal analysis using fuzzy DEMATEL further demonstrates that “risk
management” and “energy management” act as cause factors, exerting direct influence on the
other criteria, whereas HSE, waste management, and accident prevention fall into the effect factors
category.

The primary contribution of this study lies in the unique integration of value engineering,
comprehensive risk management, and fuzzy logic into a unified decision-making model. The
VENRA framework offers a robust and practical tool capable of supporting heavy industries in
enhancing environmental performance and advancing toward sustainable development.
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Extended Abstract

|. Introduction

health, and regulatory compliance, has made decision-making in industrial systems increasingly complex. In such
conditions, relying on a single perspective is no longer sufficient. Environmental, operational, and managerial factors must
be considered simultaneously, including risk management, HSE requirements, waste management, and energy efficiency.
In response to this need, the present study proposes an integrated framework to support decision-making in the transition toward
zero-emission operations. The main idea is to combine Value Engineering and Risk Assessment within a unified analytical
structure so that both the causal relationships among criteria and their relative importance can be identified. This integrated
approach allows decision-makers to better understand which factors have the greatest influence on sustainable performance
and how they interact with one another.
Accordingly, this research develops the VENRA framework as a multi-criteria decision-support model. By applying a fuzzy
hybrid analysis approach, the study helps identify the most critical factors affecting sustainability, risk reduction, and
operational improvement, providing a systematic basis for more informed strategic planning.

I ncreasing pressure to achieve zero-emission and low-carbon transition goals, together with growing requirements for safety,

2. Methodology

This research adopts an applied, descriptive-survey design. The analytical framework is based on a fuzzy AHP-DEMATEL
hybrid approach. First, relevant criteria and sub-criteria were identified through literature review and expert input. Then,
DEMATEL was used to determine causal relationships among criteria, while AHP was used to rank their relative importance.

Data were collected through questionnaires completed by 20 experts with backgrounds in value engineering, risk
management, and environmental fields. The main criteria considered in the model include:

° HSE

L Waste management
o Risk management

o Energy management
o Accident prevention

This combined approach enabled the researchers to evaluate both the interdependence among criteria and their final priority
in the decision-making process.

3. Results and Discussion

The findings show that risk management is the most important criterion in the proposed framework. It has the greatest
influence on the overall structure of zero-emission decision-making in shipbuilding. After risk management, HSE and waste
management were identified as the next most important factors.

These results indicate that sustainable shipbuilding cannot be achieved through environmental measures alone; it requires
a broader strategy that integrates safety, operational control, and waste reduction. The causal analysis provided by DEMATEL
helps clarify how different criteria affect one another, while the fuzzy AHP ranking highlights the priorities that should guide
strategic planning.

Overall, the results support the idea that zero-emission transition in shipbuilding depends on coordinated attention to risk
control, health and safety, energy efficiency and environmental compliance.

4. Conclusion

The study concludes that the VENRA framework is a useful and practical decision-support model for shipbuilding
organizations pursuing zero-emission and sustainable development goals. By integrating value engineering with risk
assessment through a fuzzy multi-criteria approach, the framework helps decision-makers identify the most critical areas for
action.

The research shows that risk management, HSE, and waste management are key priorities for improving sustainability and
reducing environmental impact. Therefore, VENRA offers a systematic basis for supporting safer, cleaner, and more efficient
shipbuilding operations.
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