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Abstract

A metal industry company such as PT Solder Bar X has significant potential hazards and environmental impacts in its
production process, particularly during the automated melting stage. This study aims to develop an integrated process
and environmental safety management plan in accordance with the principles of Process Safety Management (PSM) and
the ISO 14001:2015 Environmental Management System. The methodology used includes hazard and environmental
aspect identification, risk assessment using the Hazard lIdentification, Risk Assessment and Determining Control
(HIRADC) method, and assessment of the significance of environmental aspects. Data were collected through production
process observations, company documents, and recent literature studies (2020-2024). The identification results indicate
several major potential hazards, such as molten metal spills, heat exposure, metal particulate emissions, and solid and
liquid waste from the cooling process. Based on the HIRADC assessment, high risks were identified in molten metal
handling activities and the ventilation system. Significant environmental aspects lie in air emissions and waste
management. The control plan includes engineering controls, ventilation system improvements, implementation of
standard operating procedures, and strengthening employee training programs. The integration of PSM and 1SO 14001
has been proven to provide a systematic approach to controlling hazards while maintaining environmental performance.
This research can serve as a reference for similar industries in developing comprehensive safety and environmental
management systems.

Keywords: HIRADC, ISO 14001, PSM, risk management, metal smelting, environmental aspects

INTRODUCTION

The solder bar industry serves as a critical component in the supply chain for the electronics and metallurgy sectors.
Solder bar products are widely used in the assembly of electronic components, spanning the automotive, home appliance,
telecommunications, and information technology industries. With the growing demand for electronic products in
Indonesia and the global market, the demand for high-quality soldering materials is also growing. Batam-based PT Solder
Bar X is one such factory producing solder bar with an annual capacity of 2,000 tons. The production process involves
automated melting, molding, cooling, and final packaging. While automation technology improves efficiency, significant
risks remain, both to employee safety and to the surrounding environment. Potential risks include contact with hot metal,
damage to melting equipment, leakage of lead raw materials, and exposure to lead fumes or vapors. From an
environmental perspective, this process can generate air pollution, solid and liquid waste, and noise, all of which must
be properly managed to prevent environmental damage and legal violations. Within the national regulatory framework,
Law No. 32 of 2009 and Government Regulation No. 22 of 2021 concerning Environmental Protection and Management
are essential foundations for regulating environmental aspects. Regarding process safety, international standards such as
OSHA's Process Safety Management (PSM) provide structured guidelines for managing risks in hazardous industrial
processes. Furthermore, the ISO 14001 environmental management system serves as the international standard for
sustainable environmental impact planning and control. The combination of process safety and environmental
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management plays a vital role for companies in the metal smelting sector. This approach aims not only to comply with
existing regulations but also to protect workers, surrounding communities, and business continuity.

THEORETICAL BASIS

1. Process Safety Management (PSM)

Process Safety Management (PSM) is a system designed to prevent the release of hazardous materials, major fires,
explosions, and other process incidents that could threaten the safety of workers, facilities, and the environment. PSM is
widely applied in the chemical, petrochemical, oil and gas, and metal industries that use hazardous materials or operate
under extreme conditions (high pressure and temperature). The PSM standard that is widely used as an international
reference is the OSHA (Occupational Safety and Health Administration) standard 29 CFR 1910.119 from the United
States. This standard consists of 14 main elements that are integrated to ensure that all aspects of hazardous industrial
processes are managed systematically and consistently.

The 14 elements of OSHA's PSM are as follows:

1) Employee Participation — Employee involvement in the development and implementation of PSM.

2) Process Safety Information (PSI) — Technical information regarding materials, processes, and equipment.

3) Process Hazard Analysis (PHA) — Systematic analysis to identify process hazards.

4) Operating Procedures — Clearly documented operating procedures.

5) Training — Worker training related to safe operations and emergency response.

6) Contractors — Management of contractors working in hazardous areas.

7) Pre-startup Safety Review — A safety check before a new installation is run.

8) Mechanical Integrity — Maintaining the reliability of process equipment.

9) Hot Work Permit — Control of hot work (welding, cutting).

10) 1Management of Change (MOC) — Controlled change procedures.

11) Incident Investigation — Incident investigation for continuous improvement.

12) Emergency Planning and Response — Emergency planning and preparedness.

13) Compliance Audits — Regular compliance audits.

14) Trade Secrets — Arrangements for maintaining the confidentiality of process information while maintaining

security.
In the context of the solder bar industry, the application of PSM becomes important because the melting process involves
high temperatures, the potential release of molten metal, and the potential for lead exposure which can pose serious health
risks.

2. 1SO 14001 Environmental Management System
ISO 14001 is an international standard that provides a framework for organizations to systematically manage the

environmental impacts of their operations. This standard does not set specific environmental performance limits, but
focuses on establishing a consistent management system to achieve continuous improvement.
The 1SO 14001 framework consists of the PDCA (Plan—-Do-Check-Act) cycle which includes:

¢ Plan: Identify environmental aspects and impacts, establish environmental policies and objectives.

o Do: Implement environmental control programs and procedures.

e Check: Monitor and evaluate environmental performance through audits and monitoring.

e Act: Take corrective and system improvement actions.
Some important environmental aspects typically identified in the smelting industry include air emissions (particulates
and lead vapors), energy use, solid waste from the process, wastewater from cooling, and operational noise. Implementing
ISO 14001 helps companies ensure regulatory compliance (e.g., emission standards), reduce potential pollution, and
improve the company's environmental image (Mahzun, Thamrin, Bahruddin, & Nofrizal, 2020).

3. HIRADC Method (Hazard Identification, Risk Assessment and Determining Control)
The HIRADC method is a systematic process in Occupational Safety and Health (OHS) management to identify
potential hazards in the workplace, assess the level of risk that may occur, and determine effective control measures to
minimize or eliminate those risks. The stages include:
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1) Hazard Identification: Finding all potential hazards in the workplace through observation, interviews, and
accident history data, Identifying parties potentially exposed to these hazards, such as employees, contractors, or
visitors.

2) Risk Assessment: Assess the risk level of each hazard based on the likelihood of occurrence (probability) and
the level of impact (severity), Using a risk matrix to classify risks into categories such as small, medium, or large.

3) Determining Control: Determining risk control steps based on the highest risk level, Carrying out control based
on the control hierarchy:

e Elimination: Definitively eliminating the hazard.

e Substitution: Replacing a hazard with something safer.

e Engineering Control: Changing the design of equipment or processes to reduce hazards.

¢ Administrative Control: Changing the way things are done, such as procedures, training, or work
schedules.

e Personal Protective Equipment (PPE): Provide PPE to protect workers as the final layer.

4. Environmental Aspects and Impacts
Identifying environmental aspects and impacts is the first step in implementing ISO 14001. Environmental

aspects are elements of an organization's activities or products that can interact with the environment, while
environmental impacts are changes to the environment caused by these aspects.
In the tin smelting industry, examples of aspects and impacts include:

e Aspect: Smelting process — Impact: Emission of lead vapor into the air.

o Agpect: Cooling system — Impact: Hot waste water to the environment.

e Aspect: High electrical energy usage — Impact: Indirect emissions from power plants.

e Aspect: Noise from equipment — Impact: Noise pollution to the work environment and surroundings.
Assessment of the significance of aspects is carried out by considering criteria such as frequency of occurrence, level of
impact, legal compliance, and public perception.

5. Case Study Related to the Implementation of PSM and 1SO 14001

Several studies have shown that the simultaneous implementation of PSM and 1SO 14001 can improve safety
and environmental performance. For example, a study by Smith (2016) showed a 40% reduction in process incidents in
the metals industry after comprehensive PSM implementation. Kletz (1999) also emphasized that good hazard control
will have a direct impact on reducing the potential for environmental pollution. In Indonesia, several metal smelting
companies implementing ISO 14001 reported reduced emissions and increased energy efficiency. The integration of the
two systems allows for simultaneous hazard control and environmental aspects through integrated operational
procedures, training, and monitoring systems. (Giovanni, Fathimahhayati, & Pawitra, 2023) is the theoretical basis used
in this study. This section is recommended to include numerous expert opinions and various references to strengthen this
research.

RESEARCH METHODS

1. Location and Object of Research

This research was conducted at PT Solder Bar X, a manufacturing company located in Batam, Indonesia. The
company has a production capacity of 2,000 tons per year, with the main processes being automated melting, molding,
cooling, packaging, and storage. The automated melting process was chosen as the focus of the research because of its
high temperature, the use of tin metal, and the potential for significant hazards and environmental impacts.
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2. Production Process Flowchart
The following is a flow diagram of the automatic melting process at PT Solder Bar X.

ladjus
Weight: 1kg

Figure 1. Solder Bar Production Process Flowchart
Figure 1. Example Diagram

3. Analysis Method

This study uses a qualitative descriptive approach with an analysis of the process safety management system (PSM) and
the environmental management system (ISO 14001). The analytical methods used consist of:

1) Identification of Hazards and Environmental Aspects

This is done through direct observation in the production area, interviews with operators and supervisors, and review
of technical documents.

2) Risk Assessment (HIRADC)

Risk assessment using the HIRADC (Hazard Identification, Risk Assessment and Determining Control) method
according to 1ISO 45001:2018 principles

3) Assessment of Significance of Environmental Aspects

Using scoring criteria to determine the level of significance of environmental aspects and impacts.

4) Preparation of Management Plan

The HIRADC approach allows the risk control planning process to be carried out systematically, considering the
hierarchy of controls from elimination to the use of personal protective equipment.

4. Risk Assessment Criteria
Risk assessment is done by multiplying the likelihood (L) and severity (S) scores to obtain the risk level (R), with
the formula:
R=LxS
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Figure 2. Risk Assessment Matrix

RESULTS AND DISCUSSION

1. Overview of the Automatic Melting Process

The process then continues with bar molding, cooling, and quality control. The automated melting process at PT
Solder Bar X is a key stage in solder bar production, where tin ingots are fed into an automated furnace to be melted at
temperatures of around 380—-400 °C. This process involves an electric heating system, automatic stirrers, and temperature
sensors to maintain temperature stability. The process then continues with bar molding, cooling, and quality control. The
potential hazards at this stage are quite high, especially those related to high temperatures, pressurized equipment, and
exposure to metal fumes or vapors. From an environmental perspective, potential impacts include air emissions, metal-
contaminated solid waste, and high energy consumption.

2. Risk Identification and Control Results (HIRADC)
The following table shows the results of the hazard identification, risk control, and control plan for the automated
melting process.
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3. Results of Identification and Assessment of Environmental Impact Aspects
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4. Integrated Discussion: Risk & Environmental Management

The assessment results indicate that OHS (Occupational Safety and Health) risks and environmental impacts are
interrelated. For example, the release of metal vapors not only poses a health risk to workers but also constitutes a
significant environmental impact. Therefore, designed controls must be integrated, such as an effective local ventilation
system, emission monitoring, and appropriate respirator PPE. This integrated approach aligns with OSHA PSM (Process
Safety Management), which emphasizes control engineering and training, and 1ISO 14001, which encourages the
systematic management of significant environmental impacts.

5. Integrated Control Strategy

Table 3 Integrated Control

Aspects/Danders Technical Control Administrative Monitorin
P g Strategy Strategy g
Hot metal & high I?getggt(i:gh rgi(;glrgztic Strict SOP, Routine check-u
temperature P ’ operator training P
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Energy Furnace optimization, | Energy efficiency | Monthly energy
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CONCLUSION
Based on the results of research on process and environmental safety management planning in the automatic
melting process at PT Solder Bar X, it can be concluded that:

1. Hazard identification using the HIRADC method indicates that the automated melting process poses several
significant risks, primarily related to contact with hot metal and temperature control system failure, which are
categorized as high risks. These risks require strict engineering and administrative controls.

2. Environmental assessment revealed two very significant issues: metal vapor emissions into the air and metal-
contaminated cooling water. Both have the potential to seriously impact air and water quality if not properly
managed.

3. An integrated approach between process safety management (PSM) and environmental management (ISO
14001) has proven effective in providing a comprehensive overview of potential hazards and environmental
impacts. This approach allows for comprehensive and mutually supportive control designs.

4. An integrated control strategy that includes technical, administrative, and monitoring controls is the key to
reducing the level of risk and environmental impact simultaneously, thereby supporting the creation of a safe,
efficient, and environmentally friendly production process.

SUGGESTION

1. Improvement of the control and interlock systems on the automatic melting furnace is highly recommended to
prevent overheating or equipment failure.

2. Local ventilation and filtration systems need to be improved to reduce metal vapor emissions, along with regular
air quality monitoring in the work area.

3. Cooling water treatment systems need to be designed or upgraded to prevent heavy metal contamination of the
environment.

4. K3 and environmental awareness training should be provided periodically to operators and technicians to ensure
compliance with SOPs and regulations.

5. Full integration between the PSM system and ISO 14001 needs to be continued as part of a continuous
improvement program, including integrated internal audits and periodic reporting.
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