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In an ever-changing world, Management of Change (MOC) serves as the management system to
ensure that modifications are properly assessed to maintain safety and reliability. Changes can arise
internally, driven by business needs, or externally, due to regulatory, technological, or market factors.
Regardless of their origin, these changes must be identified, carefully evaluated, and subjected to a
structured risk assessment process before implementation, all this managed and performed by people
having the right competence.

IMPORTANCE OF MOC PROCESS IN THE CHEMICAL INDUSTRY:

Most of the major process safety accidents of the process industry have their origin in a change or changes have
contributed to increasing the consequences.
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If a proposed modification to a hazardous process is implemented without appropriate review, the risk of a process
safety incident could increase significantly. Figure 1 highlights three major process safety incidents, which are part of
a long list of accident caused by inadequate MOC. At Yara, we faced several accidents as well linked to MOC
deficiencies and our way to manage them has changed tremendously since 2019 after an analysis of the reason we
failed in properly handling MOC(1). The root cause analysis revealed critical gaps, prompting us to adopt a more
structured approach that includes competence acquisition, extra guidance to manage different type of change, sharing
of lessons learnt and a common standardized tool to strengthen our Management of Change processes.

Impact of modification on process safety management system

In Yara, we consider that any permanent or temporary modification that can have an impact on the risk of human
injury, property, environment, or reputation damage need to be carefully assessed in a MOC process.

Our Process Safety management is following the CCPS 20 elements of risk-based Process Safety:
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Fig. 2: CCPS 20 element risk-based process safety — linked with the 4 yara values.

Despite being an element of the manage risk pillar, a change might affect the 4 pillars and the element connected to
them. The following example shows that a single MOC can impact several of the 20 elements:

Consider the example of introducing a new chemical to the plant. This change requires knowledge about its hazards
and the new hazard that could be created, including the understanding about its compatibility with the existing chemical
on site. Based on the knowledge gathered, a new Process Hazard Analysis (PHA) may be necessary to assess the
new scenario introduced by the new chemical. These scenarios might, in turn, require updates to Standard Operating
Procedures (SOPs), to emergency pre-plan scenario, installation of new safeguards (which need to be integrated in
the preventive maintenance plan), and a new or updated training programs may be required to ensure that shop floor
personnel fully understand the changes and associated risks.

DEFINING A WAY OF WORKING

MOC should be seen as a way of working, a management system that allows our people to review the impact of a
change and reduce its risk to an acceptable level. Depending on the complexity of the change and the setup of the
organisation, several steps will be required with validation by the different individuals involved in it. An example is
presented below in figure 3.
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Fig. 3: Steps of the Yara standard MOC workflow

Some steps, like “Detailed design”, are only valid for technical change that impact assets.

The approval of CAPEX, via a cost benefit analysis, should be regarded as the least critical part of the overall risk
approval process (this is more a financial decision). In fact, the approval should be viewed as an informed and
educated decision to implement the change, fully understanding its implications and identifying the required mitigation
to prevent any potential losses.

The Pre-Start-Up Safety Review (PSSR) represent the step closing the execution phase. Its purpose is to identify
deficiencies in the installed system and evaluate whether it is acceptable to initiate start-up under the current
conditions.

After the start-up, it is important to properly close out the change process. This include updating all the relevant
documentation, buying required spare parts and complete other administrative activities to ensure the change is fully
integrated into the operational system.

ENSURING CLEAR ROLE & RESPONSIBILITIES IN EVERY STEP

We have seen that all changes shall be detected, analysed, and shall have an appropriate risk assessment done by
people having the right competences. To achieve this last requirement clear role & responsibilities need to be defined
for the different stakeholders of the MOC process. In addition to the MOC owner, who is responsible for successfully
implementing the change, several other individuals will be involved at various stage of the review process.

Discipline specialists: competences for a review from different angle

Our plant operations are becoming increasingly complex. While the core process has not significantly evolved, the
importance of properly evaluate all aspect of a change has grown considerably: especially in risk management. The
tolerance for any type of losses has diminished (Lower corporate risk appetite), leaving little room for trial-and-error
approaches. Furthermore, regulatory requirement has tightened in many countries, necessitating more analysis from
Health, Environment, Safety, and Quality (HESQ) perspective. For example, the following point are now crucial in
MOC process:

Permitting and emissions

Noise level

Energy management

Waste Management

Cyber connectivity and cyber security
» Health and ergonomic

The level of detail required from each discipline specialist should align with the plant’s reality and its organisation. At
smaller facilities, a single individual may take several roles, while at larger facilities, responsibilities might be more
distributed among specialized personnel.

YV V V VYV VY

Risk management or ensuring the derisking process

Akey aspect of MOC process is to properly review the risk associated with any modification. At Yara, this responsibility
is designated to an independent role. Each site appoints a risk authority, with competence in process safety and in the
applicable risk assessment methodologies.

Approval (and rejection) steps of the moc process

The first step of any MOC is to determine whether the proposed change addresses the root cause of a problem or
merely target its symptoms. Experience from several accidents has shown that changes were made to correct
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symptoms rather than resolve the underlying issue. In many of these cases, addressing the root cause, would have
prevented the change and the associated accident.

As an initial step, the gatekeeping process is crucial as it:

» Reduces the workload: The evaluation of a MOC is resource-intense, requiring significant effort and input
from different stakeholders. We believe that an organisation can only work with quality on a limited number
of changes.

» Ensures the quality of the proposed solution: Gatekeeping helps verify that the change is well-conceived and
effectively addresses the identified need or issue.

» Involves relevant stakeholders: It ensures that all relevant parties are engaged in the review process, bringing
the necessary expertise and perspective to evaluate the change comprehensively.

Later in the process, a decision must be made on whether the change will be implemented or not. The primary objective
of this step is to ensure that the risks associated with the modification are understood and that the proposed risk
mitigation measures are adequate and effective.

GAINING IN EFFICIENCY: ADAPTING THE WORKFLOW TO THE NEED

Taylor made workflows for specific use have been created in addition to the standard workflow presented in figure 3.
Their main objectives are:

> Being to the point by focusing on the objective of the simplified change request.

» Reducing the number of steps & validations.

» Standardising the way this modification is handled.

> Integrating past experiences and lesson learnt in the workflow to avoid reoccurrence of incidents.
Example of these other workflows are given in below sections.

Temporary removal of safety protection (IPL - Independent Protection Layer)

This type of change is focusing on managing the risk associated with a safeguard being temporary out of operation,
commonly referred to as an override of safety function.

The risk produced by such a change should be readily accessible from the PHA documentation of the site, and its risk
ranking should be easily estimated by removing the IPL and its contribution in the Layer of Protection Analysis (LOPA).

The purpose of this modification is to assess the risk and find mitigation solution to help the management in the
understanding of the actual risk to operate a plant with a defeated safety system and record their approval.

Changing characteristics of safeguards and IPL

This type of change is focusing on modification to IPL that must be carefully evaluated to ensure that their prevention
or mitigation functions remain effective and specific after the change. Example of modifications in this category include:

» Alarm and trip setpoint: Ensuring all stakeholder agree on the new setpoint and verifying that it is still providing
sufficient time to prevent the scenario to develop.

» Alarm delay timers (Temporization): Assessing whether the adjusted reaction time will still be adequate to
address the hazard effectively.

Change to occupied building (facility siting)

Texas City Refinery disaster highlighted the critical importance of carefully assessing facility siting. The location of
employees and contractors in the site, either temporary or permanent, need to be carefully assessed before being
implemented.

For site having a Quantitative Risk Assessment (QRA), the evaluation process can be relatively straightforward, as
the risk of Process Safety accidents are already mapped. However, for sites without QRA, the assessment requires
more review to identify all potential scenarios, their likelihood, and theirimpact on the proposed location of the occupied
building. Then, if the risk at the new location is deemed too high, solutions are proposed to reduce the consequences
to an acceptable level.

Change in raw material or final product

Introducing new chemicals or producing new products can bring additional hazards to the plant, either from the
chemical’s intrinsic proprieties or from its incompatibility with existing product and materials. Such changes require
careful evaluation in some key area like:
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» Understanding the hazards: Identify and assess the chemical's intrinsic risks, such as toxicity, flammability,
reactivity, or environmental impact, as well as potential interactions with existing materials.

> Final product quality: Ensure the change will not adversely affect the quality specifications of the final product,
maintaining compliance with customer and industry standards.

» Regulatory requirement: Verify that the change aligns with local, national, and international regulations,
including those related to chemical handling, transportation, and disposal.

Management of organizational change (organizational MOC)

Change within the organization can have significant impact on health, safety, process safety, operational reliability
and more. To mitigate potential risks, it is essential to conduct a thorough and well-documented review process that
consider several aspects:

» Clearly defined role: Ensure all roles are properly defined, including responsibilities during Start-Up (SU),
Shut Down (SD) and emergency situations to prevent confusion and improve accountability.

» Elimination of “grey” areas: Clearly delineate areas of responsibility, especially in cases where workforce
reductions or organizational restructuring may lead to overlaps or gaps in coverage (i.e. reduction of number
of employees per shift).

» Qualification and training: Identify the qualifications and training required for any new or adjusted roles to
ensure individuals are competent and prepared for their responsibilities.

» Health & performance management: Evaluate the workload of workers under the new structure, including
abnormal operation to ensure it does not compromise their health, performance, or ability to maintain safety
standards.

Leak management

No plant is designed to operate with leaks, and accepting leakage as a normal way of operating reflects a dangerous
normalization of deviation (NoD). The purpose of this type of MOC is to systematically evaluate the risk related to the
leakage and to determine the best solution to to maintain safe plant operations under these conditions. This may
include implementing temporary checks or other mitigation measures. Key aspect of the process:

» Risk assessment: Analyze the hazards and potential consequences of operating with the leak, ensuring the
risks are fully understood.

» Collegial and documented decision making: Engage a multidisciplinary team—not limited to operations—to
collaboratively determine the best course of action. Document the decision to ensure transparency and
accountability.

> Integration into inspection plans: Incorporate the identified leak and its consequences into the next shutdown
inspection or maintenance schedule to address the issue comprehensively and prevent recurrence.

Deferral of critical maintenance & turnaround

Deferring critical maintenance or turnarounds (TAs) can arise from various operational or business pressures, but
such decisions must be carefully evaluated to ensure they do not compromise process safety. The most typical process
safety impact is the TA frequency as it has impact on many aspects:

> Equipment inspections: Delays in turnarounds may postpone essential inspections, increasing the risk of
undetected equipment degradation or failure.

» Safety Instrumented Function (SIF) & IPL verification (audits): SIF and IPL rely on periodic testing and audits
to confirm their reliability and functionality. Deferral can undermine these systems, increasing the potential
for safety incidents.

Increase of plant load (MDR - maximum demonstrated rate)

To improve the competitiveness of our assets we push the plant load beyond their original design capacity. While
these load increase can bring some short-term gains, they require some reviews to ensure that the long-term reliability
and safety of our assets are not compromised.

Some commonly underestimated consequence of plant load increase include:
» Separator carryover leading to scaling of equipment or damage to catalyst, ultimately reducing efficiency and
reliability.

» Increase of corrosion/erosion rate in some piping due to the increased velocity, potentially leading to leaks
or failures.
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> Necessity to operate with a bypass open which can generate new scenario, increase the consequence of an
existing scenario or compromise safeguards as bypass may not be part of the safeguard logic and do not
close automatically.

Change during normal maintenance

It is not uncommon for routine maintenance tasks, such as one-to-one equipment replacements, to evolve into
modifications. However, such changes are often not properly analysed, potentially introducing risks. The following
examples illustrate how these situations can arise:

» Unavailable original equipment: Some equipment providers might be no longer in business and equivalent
equipment must be sourced, which may introduce compatibility or performance concerns.

> Temporary repair: Findings during a turnaround may necessitate quick, temporary fixes that deviate from the
original design.

» Spare part unavailability: A lack of spare parts can lead to temporary repairs that may not align with the
intended functionality.

The critical aspect of managing these changes is to ensure the validation by different stakeholders with different
expertise and experience. These collaborative reviews help to prevent accidents and ensure that temporary
modifications are recorded on their functional location for future return to their original condition.

REFLECTION FOR THE FUTURE

The understanding and implementation of the MOC process has tremendously improved across the organisation. This
progress is largely attributed to the comprehensive training made available through Yara People Path, the company’s
competence management system, and the supplementary guidelines that complement the MOC standard with the
integration of its process into a company tool. Additionally, shared learning from past MOC failures have highlighted
the importance of properly analysing changes before they are implemented.

From the lagging indicators, we have observed a slight reduction of process safety accident caused by inadequate
Management of Change (Figure 4). Notably, there have been no major accidents attributed to MOC deficiencies over
the past five years—a significant improvement compared to the higher frequency and cost of such incidents before
2020.
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Fig. 4: % of accident where root cause was inadequate Management of Change

We will continue to standardize the process of implementing changes by including new specific workflow, such as
change of catalysts, modification of ESD/DCS programming or change in control valve type.
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