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1. Introduction 

Inherent Safer Design (ISD) is a philosophy that focuses on eliminating hazards or reducing 

the magnitude of hazards at their source rather than controlling hazards, consequently 

reducing reliance on 'add-on' engineered safety systems that require intensive and costly 

maintenance throughout the lifecycle of the facility. The concept of inherently safer design is 

distinctive in its approach to reducing risk. Often, more conventional risk reduction strategies 

involve adding layers of protection to reduce unwanted events' likelihood or consequences. 

ISD intends to: 

 Eliminate the hazard or reduce its magnitude sufficiently to eliminate the need for 

elaborate safety systems and procedures. Furthermore, this hazard elimination or 

reduction would be accomplished by means that were inherent in the process and 

thus permanent and inseparable from it. 

 Beyond eliminating or reducing a hazard, it also applies to layers of protection. In the 

broad sense, the strength of the layer of protection can be improved by features that 

are permanent and inseparable from that layer.  

Plants incorporating ISD features will typically: 

 Have greater reliability. 

 Be simpler with less equipment. 

 Have fewer or smaller hazardous inventories. 

 Have lower operating costs. 

 Have reduced manning and intervention requirements. 

 Have less reliance on relief systems. 

 Include fewer: 

- Safety instrumented functions (particularly those with higher integrity 

requirements). 

- Safety-related alarms. 

- Control loops provide a protection layer. 

2. Purpose 

The primary objective of this guideline is to provide a tool that can be easily used by ENTITIES 

and their COMPANIES that handles hazardous chemicals to deliver a safer design. The 

approach described in this document is applied to inform decisions throughout the project 

lifecycle, including: 

 Early setting of ISD goals/criteria and development of a project plan. 
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 Early hazard identification. 

 Overall project development through concept, FEED, and Detailed Engineering phases. 

 New technology development. 

 Facility modifications and changes in existing operations. 

3. Scope 

The scope of this guideline applies to Egyptian General Petroleum Corporation (EGPC) and Oil 

& Gas Holding Companies, including the Egyptian Natural Gas Holding Company (EGAS), the 

Egyptian Petrochemicals Holding Company (ECHEM), and the South Valley Petroleum Holding 

Company (GANOPE) covering all their operational subsidiaries, state-owned companies, 

affiliates, and joint ventures. 

4. Definitions  

'ADD-ON' SAFETY SYSTEMS: Risk reduction measures in the form of safety equipment are 

required to reduce the risk from hazardous event scenarios. These systems are generally 

required in addition to the equipment required for the main process, where the equipment 

for the main process provides insufficient ISD. The systems may comprise safety instrumented 

systems, pressure relief systems, and fire and explosion protection devices, requiring routine 

testing and maintenance to ensure they remain functional. 

COMPANY: Refers to any operating company, subsidiary, affiliated, or joint venture 

companies belonging to an ENTITY. 

ENTITIES: Refers to the Egyptian General Petroleum Corporation (EGPC) and Oil and Gas 

Holding Companies, including the Egyptian Natural Gas Holding Company (EGAS), the 

Egyptian Petrochemical Holding Company (ECHEM), and the South Valley Petroleum Holding 

Company (GANOPE). 

INHERENT: Existing in something as a permanent, essential, or characteristic attribute. 

INHERENT SAFETY (IS): An approach to hazard management that aims to avoid or eliminate 

hazards or reduce their magnitude, severity, or likelihood of occurrence by careful attention 

to the fundamental design and layout. Less reliance is placed on 'add-on' safety systems and 

features, and procedural controls, which can and do fail. 

INHERENTLY SAFER DESIGN (ISD): Any approach, process, and following action applicable at 
all levels of design and operation from conceptual design to plant operations having specific 
attention to the elimination or significant reduction of hazards rather than the control of 
hazards assessed. 

INHERENT SAFETY PRINCIPLES: Hierarchical principles in order of preference: elimination, 

substitution, minimization, moderation, simplification, and Segregation. 
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5. Abbreviations 

CAPEX Capital Expenditure 

ISD Inherently Safer Design 

OPEX Operational Expenditure 

For other definitions and abbreviations, refer to the PSM Glossary of Definitions and 

Abbreviations Guideline (EGPC-PSM-GL-011). 

6. Inherently Safer Design Principles 

The essence of the inherently safer approach to plant design is the avoidance of hazards 

rather than their control by added protective equipment. Although we generally think of 

safety in a comparative sense, there is a difference between safe and safer design. With the 

safe design, active safeguards prevent hazardous events and protect people and plants from 

the effects. With the safer design, there are fewer hazards, fewer causes, and fewer people 

to be exposed to the effects. Inherent safety is a concept, an approach to safety that focuses 

on eliminating or reducing the hazards associated with a set of conditions. A chemical 

manufacturing process is inherently safer if it reduces or eliminates the hazards associated 

with materials and operations used in the process. This reduction or elimination is permanent 

and inseparable. Identifying and implementing inherent safety in a specific context is called 

inherently safer design. A process with reduced hazards is inherently safer than a process with 

only passive, active, and procedural controls. 

The main design approaches for developing ISD processes, i.e., avoiding hazards, reducing the 

severity, reducing the likelihood, and Segregation can be applied at any phase of the project 

lifecycle. These approaches can be achieved by exercising the following six strategies: 

1. Elimination, in the context of ISD, means changing the process design or removing a 

hazardous activity to eliminate the hazardous event, e.g., removing the storage tank 

from the design, avoiding the need for pigging pipelines, etc. 

2. Substitution, in the context of ISD, means replacing a hazardous material or process 

with an alternative that reduces or eliminates the hazard. Process designers, line 

managers, and plant technical staff should continually inquire if less hazardous 

alternatives can be effectively substituted for all hazardous materials used in a 

manufacturing process. For example, water treatment can use sodium hypochlorite 

instead of chlorine gas. However, the substitution concept of inherent safety is best 

applied during the initial design of a process. Substituting raw materials and 

intermediates after the process has been built, while possible in some cases, is usually 

very difficult. However, there are many other areas where opportunities to substitute 

less hazardous materials can be found, including materials of construction, heat 

transfer media, insulation, etc.  
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3. Minimization, in the context of ISD, means reducing the quantity of material or energy 

contained in a manufacturing process or plant. Process minimization is often thought 

of as resulting from applying innovative new technology to a chemical process. The 

term "process intensification" is synonymous with "minimization," though the former 

is often used more specifically to describe new technologies that reduce the size of 

unit operations equipment, particularly reactors. In recent years, innovative process 

intensification techniques have received, and continue to receive, more attention. 

4. Moderation (also called attenuation), in the context of ISD, means using materials 

under less hazardous conditions. Moderation of conditions can be accomplished by 

either physical strategy (i.e., lower temperatures, dilution, or chemical process, which 

operates at less severe conditions). 

5. Simplification, in the context of ISD, means designing the process to eliminate 

unnecessary complexity, thereby reducing the opportunities for error and 

misoperation. A simpler process is generally safer and more cost-effective than a 

complex one. For example, it is often cheaper to spend a relatively small amount of 

money on building a higher-pressure reactor rather than a large amount of money for 

an elaborate system to collect and treat the discharge from the emergency relief 

system of a reactor designed for lower maximum pressure. 

6. Segregation, in the context of ISD, means changing the layout to provide physical 

separation distance or physical barriers between the source of hazard and receptors 

aiming to limit the effects of a hazard by providing physical separation between the 

source of hazards and receptors such as people or the environment. For example, 

during the concept stage of a project, there is likely to be more than one location 

option to site the new facility, proximity to the local community, sensitive buildings 

(hospitals, schools, shopping centers, etc.) that are difficult to evacuate in an 

emergency, should be considered. The segregated design principle may also 

incorporate blast walls, which, under certain circumstances, physically protect 

separate different areas (Noting that this is not always effective). 

These six strategies form a protocol by which the risks associated with the loss of containment 

of hazardous materials or energy can be significantly reduced and sometimes eliminated. The 

elimination of risk due to loss of containment is difficult, if not impossible, to achieve using 

other risk reduction measures, i.e., active or passive safeguards. These measures, while 

effective if installed and maintained properly, generally reduce the likelihood of release and 

sometimes will mitigate the consequences of a release. However, they cannot reduce the risk 

to zero. The ISD principal strategies lead to the following goals concerning risk associated with 

the plant/facility: 

 Fewer hazards. 

 Fewer causes. 
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 Reduced severity. 

 Fewer consequences. 

These ISD goals are illustrated through the Bowtie diagram in Figure 1. For examples of these 

goals, refer to Annex A. 

Fewer Causes Fewer Hazards Fewer Consequences

Reduced Severity

 

Figure 1. ISD goals are illustrated on Bowtie. 

6.1 Hierarchy of Controls 

The concept of the risk control hierarchy illustrates that controls' effectiveness depends on 

their characteristics. Generally, controls at the top of the hierarchy should always be 

considered first because they are the most reliable. This hierarchy covers the spectrum from 

elimination (at the top) to substitution, engineering, and administrative (procedural) controls 

at the bottom. 

It is important to remember that inherent safety is not a stand-alone concept. The principles 

of ISD work through a hierarchical arrangement, as illustrated in Figure 2, for the systematic 

approach to loss prevention (hierarchy of controls). These considerations should therefore be 

incorporated into the overall process of risk assessment for a given ISD goal, for example: 

 For a project, goals shall be included in the plans to implement ISD strategies as the 

project engineering authority endorsed. 

 For a facility modification on which ISD is applied, goals may be set for the specific 

modification or facility in general and should be endorsed by the operations team. 

 For changes in existing operations on which ISD is applied, goals should be part of the 

overall risk management framework and approved for managing the change process. 
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Activities Steps

Identify all hazards and causes of these materials, 
actions, and conditions

Identify Hazards

Assess hazards, their causes and effects, and how 
these interact with the design

Understand 
Hazards

Avoid or eliminate hazard by 
design

Minimize, substitute or 
moderate to reduce the 
severity of the hazard

Inherently 
Safer Design 

Principles
Simplify the process or plant 
to reduce the likelihood of the 
hazard occurring

Avoid Hazards

Reduce Severity

Reduce Likelihood

Use distance, or use sections 
of the plant itself as barriers 
to segregate/protect people 
and emergency systems from 
effects of hazards

Segregate

Add-on Safety 
i.e. 

Engineering

Use safeguards that do not 
need initiation, and hence 
have high availability

Use active systems, but note 
these depend on timely 
hazard detection and initiation

Apply Passive 
Safeguards

Apply Active 
Safeguards

Operator and maintenance procedures should be the 
last resort, especially for control and mitigation, 
where the chance of error or failure is high

Use findings of the hazard assessment to estimate the 
risks, and target and implement inherent/segregation/
add-on/procedural safeguards until risks are tolerable

Apply Procedural 
Safeguards

Apply Residual Risk 
Reduction 
Measures

 
Figure 2. Systematic approach to loss prevention hierarchy of controls [1]. 
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6.2 ISD within Major Accident Hazard Management  

ISD forms a vital part of a broader approach to risk control and hazard management in the 

process industry and represents the ideal theoretical approach to controlling hazards. Hazard 

management can be broadly divided into three primary principles: 

 Prevention – Measures taken to eliminate or reduce hazards at source or to reduce 

the likelihood of a hazard being realized. 

 Control – Measures taken to keep hazards within the design envelope, be it through 

containment or control systems or reactions to events that could result in an incident. 

 Mitigation – Measures taken to respond to a hazard once an incident has occurred to 

either bring it back under control or limit its effects. 

ISD should precede the other principles, i.e., prevention, control, and mitigation. Within each 

level of the hierarchy, preference should also be given to risk reduction measures with greater 

reliability. Hence, ISD risk reduction measures are preferred over passive, active, and 

procedural controls. The hierarchy is illustrated in Figure 3, where the arrow shows that 

efforts should be focused on improvement options to the top and left of the diagram. 

 
Figure 3. Illustration of the effectiveness of ISD among other risk management strategies [2]. 

If hazards cannot be avoided and protective measures must be added, then whenever 

possible, they should be passive rather than active or procedural. These measures are 

considered "layers of protection," as they involve adding safety devices or work processes to 

reduce risk. Passive safety devices do not perform any fundamental operation but are 

designed to reduce the damage when a process upset occurs. Procedural safety measures, or 

administrative controls, utilize safe work practices and procedures to reduce risk. 

Layers of protection are a concept whereby multiple devices, systems, or actions are provided 

to reduce the likelihood of an undesirable event. This strategy works on the premise that 
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multiple layers of protective features and countermeasures reduce the potential for the event 

to occur. Each layer should be independent of the other layers, such that each device, system, 

and ISD within major accident hazard management. 

ISD shall be used either to eliminate credible major accident hazards or to reduce their 

potential consequences by design measures inherent in the design, being permanent and 

inseparable features of the installation. The hazard identification is carried out as part of the 

HAZID process/study, which further leads to identifying Major Accident Hazards. Once HAZID 

is carried out, and MAH is identified, an ISD review is conducted to study potential 

opportunities. For more details on the HAZID process, please refer to Hazard Identification 

(HAZID) Guideline (EGPC-PSM-GL-001). 

6.3 Benefits of Inherent Safety in Design  

Experience with inherent safety reviews for a new process or project indicates that project 

investment costs are often reduced because of this exercise. The main contributors to 

investment reduction are eliminating equipment and reducing the need for safety systems. 

Capturing these potential savings largely depends on the timing of the reviews within the 

process or project development cycle. 

The effective application of ISD is considered to offer the following potential benefits:  

 Unlike traditional approaches to process safety that require expensive 'add-on' safety 

systems, ISD provides an opportunity to identify improvements that can reduce CAPEX 

and OPEX as what you don't have doesn't cost anything, won't break down, or won't 

need maintenance.  

 The principle of 'minimization' challenges large inventories of dangerous substances 

and promotes smaller equipment with reduced cost and weight, which are particularly 

beneficial for weight considerations on offshore platforms. 

 Eliminating or reducing hazards early in the design will avoid potential delays and the 

need for redesign to meet defined risk criteria.  

 Reduction in process equipment and 'add-on' safety systems, reducing the time for 

design, procurement, construction, and installation. 

 Fewer 'add-on' safety systems decrease the need for maintenance, repair, and 

inspection costs during the facility life cycle.  

 Reducing the number of hazardous activities and the number of personnel exposed to 

risks, and the likelihood of human failure. 

6.4 Inherently Safer Design Considerations  

In many cases, the benefits of an ISD improvement option will be clear, whereas in other 

cases, there may be conflicts between options that need detailed assessment to resolve. For 

example, an improvement option to remove or reduce a safety hazard may introduce a hazard 
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related to environmental impact, with the need to assess the relative risks to determine the 

preferred design. 

While a potential improvement option may have clear ISD benefits, other issues may need to 

be assessed by the project team, including factors such as cost implications, operational 

flexibility, personal preferences, available information, or pressures due to the project 

schedule. It is not appropriate for ISD decision-making to be performed without consideration 

of other business value drivers. Rather, ISD needs to form an important part of the project's 

broader decision-making processes and other key project drivers such as feasibility, economic 

considerations, operability/maintainability, environmental impact, regulations, etc. The 

application of ISD may introduce the following challenges:  

 Technical Considerations: for example, a fully pressure-rated design is often an ISD 

strategy that avoids requiring a higher integrity safety instrumented function or larger 

flare capacity. However, the ISD approach causes vessel wall thicknesses to become 

extreme and the mechanical/structural design to become highly complex or even 

unfeasible. 

 Environmental Considerations: for example, replacing flammable coolants with non-

flammable ones. However, the newly introduced has an adverse impact on the 

environment. 

 Safety and Health Considerations: for example, replacing hazardous materials with 

safer ones. However, the newly introduced chemical production requires more 

hazardous material. 

 Economic Considerations: the process design that offers the greatest ISD benefits will 

not always be the most attractive economically, and the technology may be unproven. 

Design teams should be aware that technology continues to evolve, and ISD options 

that are not economically attractive for a current project should be retained for 

consideration on future projects. On the other hand, it is important for projects to 

thoroughly assess the lifecycle cost implications of design decisions concerning the 

level of risk reduction provided. 

7. Application of ISD through the Project Lifecycle 

Throughout the lifecycle of a project/facility (concept to operations), opportunities arise to 

apply the concepts and practices of inherently safer technologies and strategies. These 

opportunities should be evaluated to determine if the strategies can be applied and whether 

the costs are proportionate with the possible risk reduction.  

Different choices and decisions are made as the engineering progress through the project life 

cycle, conceptual plant design, FEED, engineering, detailed plant design, plant construction, 

start-up, ongoing operation, and future modifications. The ISD principles apply at all stages, 

but the available options change. 
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ISD approaches are applied to inform decisions throughout the project lifecycle. As the project 

progresses, the scale and nature of decisions taken to change. Early in the project, ISD 

approaches can influence fundamental concept decisions, affecting risk levels throughout the 

asset's life. Early emphasis on ISD in decision-making is therefore very influential, but ISD 

informs decisions taken at different levels throughout the project stages. 

The key to successful ISD is to ensure that it is considered routinely for decisions at all levels. 

As presented in Figure 4, the greatest opportunity for risk reduction is when inherently safer 

decisions are embedded at the earliest stages of the project. Not all risks will be fully mitigated 

through these features; therefore, engineered and procedural safety features are typically 

introduced to manage residual risk. Engineered and procedural safety measures are not as 

effective as inherently safer features due to the potential for deterioration of systems or 

human error associated with procedures. 

 
Figure 4. Benefits of ISD early in the project [3]. 

7.1 Evaluation/Concept Selection Phase  

The best opportunities for ISD implementation are early in the evaluation/concept selection 

phase. At this point, no commitment has been made to a technology, design, or engineering 

method; no resources have been spent on engineering that would have to be redone; the 

project is not committed to developing their processes/plant configuration and design, and 

no capital has been committed to building a plant to implement a particular configuration and 

design.  

Decisions informed by ISD review at the evaluation/concept selection phase impact the 

creation of robust, safe, cost-effective, and competitive concept selections and set a 

recommendation for the subsequent project phases, such as technology selection, plant 

location, and high-level layout definition. 
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7.2 Basic Engineering/Front-End Engineering Design (FEED)  

At this phase, the possibility of affecting the inherent safety of a process and plant/ facility 

design decreases as the design proceeds and more engineering and financial decisions have 

been made. While there is still room to apply ISD recommendations during this stage, it is 

much easier and cost-effective to affect the process, plant configuration, and inherent safety 

in the conceptual design phase than in the later phases of process design. 

Decisions informed by ISD review at this phase may impact the creation of the details required 

to project execution, such as location and design of occupied buildings, system level 

overpressure protection strategies (e.g., fully rated design versus relief provision or high 

integrity safety instrumented function [SIF]), material selection (e.g., corrosion resistant alloy 

versus chemical injection), and plant layout refinement.  

7.3 Detailed Engineering  

Although it may become more difficult, it is still important to continue looking for possible 

opportunities to implement ISD concepts. ISD review should take place at the early stage of 

detailed engineering to avoid high cost and schedule impact. Examples include:  

 Eliminating or minimizing the stored inventory of hazardous materials.  

 Substituting a more corrosion-resistant material of construction for equipment. 

 Minimizing the potential hazardous impact by locating access routes and roads away 

from potentially hazardous areas. 

 Locating emergency equipment such as fire water pumps and switch gear for 

emergency equipment away from the main plant, which it is designed to protect. 

 Designing the equipment arrangement in well-vented and open process areas to 

prevent accumulation of hydrocarbon if released. 

 Avoiding confinement and congestion where hydrocarbon vapors could be present 

when designing each process unit and its location relevant to other process units.  

7.4 Construction, Commissioning, and Start-up  

Although the design is likely to be fixed, there are still specific opportunities related to this 

stage to apply ISD when planning for the construction stage of a project. Considering that 

many of the moderation and substitution opportunities are no longer possible because the 

process chemistry and the safe operating envelope will already have been specified.  

Examples include minimizing the hazards of simultaneous operation and construction 

activities by installing modular units constructed offsite rather than on-site construction and 

eliminating the potential impact of a blast wave on portable occupied buildings associated 

with construction by relocating away from potentially impacted areas. Also, the elimination 

of heavy lifts over live equipment and the location of muster points for construction workers 

in safer areas.  
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8. Application of ISD through the Operations Phase 

While applying inherent safety at the start of a system's lifecycle provides the greatest 

opportunities to reduce risk, it does not mean it is only relevant to projects. There can be 

many opportunities to apply inherent safety during the operational stage of the lifecycle of a 

system. While identifying opportunities for inherent safety should be a continual goal, there 

will be specific times when it should be considered formally. For example, inherent safety 

should be an option when identifying actions following an incident investigation or when 

evaluating a plant or process change instead of simply specifying different safety systems or 

changes to procedures. Also, it should be a key part of any routine review of safety studies, 

and any study carried out retrospectively. 

On the other hand, applying inherent safety to an operating system is not straightforward, 

and care must be taken to avoid unintended consequences. These can include loss of 

operational flexibility, reduced plant availability, or transfer of safety risks. It is a fine balance 

to select reasonably practicable options while not affecting economic viability. Examples of 

applying ISD in the operations phase include: 

 Managing inventories: Just because a tank or vessel can hold a quantity of material, 

it does not always need to be filled. Reducing inventories to only what is needed will 

reduce the potential consequences of failure. On the other hand, reduced inventories 

will inevitably mean that materials need to be handled more often (e.g., smaller 

deliveries carried out more often). The risk of additional handling must be considered 

against risk reduction through reduced inventory.  

 Inherent safety during maintenance: It is standard practice to isolate, drain, clean, 

and purge process equipment before maintenance. But decisions can be made about 

how much plant needs to be prepared in this way. The inherently safer approach is to 

shut down and prepare the whole facility because this will minimize material 

inventory. At the same time, the maintenance is being carried out and reduces the 

potential consequence of maintenance errors (e.g., someone breaking the wrong 

pipework joint). However, it can have a significant impact on production. Also, 

preparing plant and equipment for maintenance and returning it to service after 

maintenance carries its own risk, so a balanced approach must be taken. Another 

decision to make when carrying out maintenance is the type of isolation used. The 

inherently safer option is to use positive isolation, with the removal of spool pieces 

being the most robust option because the alternative methods (e.g., spades, blind 

flanges) are easier to defeat. However, all forms of positive isolation involve breaking 

joints and introducing their risks.  

 Inherent safety during hazardous operations: While hazard is present, there is always 

some risk. But certain operations, such as plant start-up and shutdown, are known to 

be more hazardous. In these cases, the concept of "People who are not there can't be 

killed" can be applied by clearing sites during the most hazardous operations or 
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limiting them to essential personnel only. Other hazardous operations where this 

applies include tanker deliveries of hazardous material, opening pig 

receivers/launchers, sampling, and any activity involving a break of containment, such 

as filter changing.  

 The inherent safety of obsolete equipment: There can be a tendency to allow 

obsolete equipment to remain on site. This can be because of the expense of removal 

or 'just in case' it may be used again. This introduces the potential for hazardous 

materials to collect or hazardous conditions to develop over time. These can either 

result in incidents or contribute to the escalation of other incidents. Ideally, any 

equipment not being used would be removed. Where this is impossible or undesirable, 

it should be fully cleaned and purged, and 'air gaps' created, so there is no connection 

between the obsolete items and the operating plant.  

9. ISD Review Methodology  

The objectives for an inherent safety review are to employ a cooperative team to:  

 Understand the hazards.  

 Find ways to eliminate or reduce those hazards.  

The first major objective for the inherent safety review is developing a good understanding 

of the hazards involved in the process. Early understanding of these hazards allows the 

development team to implement recommendations from the inherent safety effort.  

Reducing and eliminating hazards and their associated risks is the second major objective. 

Applying inherent safety principles early in the product/process development effort provides 

the greatest opportunity to achieve the inherent safety review process objectives for the 

project at hand. As explained in section 8 (ISD through operations), the same two primary 

objectives apply to an ISD review of an existing process. 

Generally, these reviews are designed to identify either incremental improvements, primarily 

in simplification, possible major improvements that can be made in the event of a process 

renovation or major equipment replacement, or ISD opportunities for future facilities 

manufacturing the same product. Often, large capital expenditures to improve ISD are 

difficult to justify if the process operates without major incidents. However, when major 

projects are planned, they provide a good opportunity to identify opportunities for 

incorporating inherently safer design features.  

9.1 Team composition  

The composition of the inherent safety review team will vary depending on the stages of the 

development cycle and the nature of the product/process. The typical team composition: 

 ISD Chairman and secretary/scribe. 

 Project Manager/Plant Manager. 



 

INHERENTLY SAFER DESIGN (ISD) GUIDELINE  

 
DOCUMENT NO: EGPC-PSM-GL-003 

 

 
 

Revision: 0              Page: 18 of 51 

 HSE representatives. 

 Engineering Manager. 

 Technical Safety Lead. 

 Process Safety Engineer(s). 

 Process Engineer(s). 

 Pipeline Engineer(s). 

 Civil Engineers (s). 

 Structural Engineer(s). 

 Mechanical Engineer(s). 

 Instrumentation & Control Engineers. 

 Operations/Maintenance Representatives. 

 Chemist. 

 Quality Manager. 

 Process Technology Leader. 

9.2 Preparation  

Any ISD review should begin with a brief overview of ISD concepts, the study process, and the 

approach to conducting the review (this guideline adopted a checklist approach, please refer 

to Annex B). The completeness of the background information before the review will 

influence the quality of the inherent safety review.  

The review team needs to define the desired reactions and develop an understanding of 

potential side reactions. Effects of mischarges or process deviations on reaction chemistry 

should be developed. Early brainstorming should consider a wide range of conventional and 

radical options, including those expected to be inherently safer. Early brainstorming should 

also challenge schedule and facility or facility performance targets if they may be: 

 Adding to risks by precluding some options. 

 Adding levels of complexity, activity, or simultaneous operations. 

The brainstorming process should be as follows: 

 Organized and documented. 

 Conducted by an open-minded and multidisciplinary team. 

 Include experts in alternative or challenging technologies. 

 Explicitly consider the ISD strategies. 
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Preparation for the review is summarized in Figure 5 and includes the following steps to define 

the required background information:  

1. Define the desired product.  

2. Describe optional routes to manufacture the desired product (if available), including 

raw materials, intermediates, and waste streams.  

3. Define chemical reactions, desired and undesired, and determine the potential for 

runaway reactions/decompositions, including effects of mischarges or process 

deviations. 

4. List all chemicals and materials employed, develop a chemical compatibility matrix, 

and include air, water, rust, etc.  

5. Define physical, chemical, and toxic properties. Provide NFPA hazard ratings or 

equivalent.  

6. Define process conditions (pressure, temperature, etc.).  

7. Prepare a simplified process flow diagram. Include alternative processes.  

8. Estimate quantities used in each process system (tanks, reactors, etc.). State plant 

capacity basis. Estimate quantities of wastes/emissions.  

 

 
Figure 5. Preparation to inherent safer review process [4]. 
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9.3 ISD Review Workshop  

After the background information is developed, the inherent safety review can be arranged. 

The steps proposed for the review are as follows:  

1. Review the background information as explained in sub-section 9.2.  

2. Review facility Location and proximity to the community, other hazardous industries, 

sensitive environment, etc. 

3. Define major potential hazards.  

4. Systematically review the process flow schematic, looking at each process step and 

hazardous material to identify creative ways to apply inherent safety principles to 

eliminate or reduce hazards. Questions to be asked include:  

 Can safer chemicals be used (i.e., non-toxic/non-flammable or non-volatile 

reactant)?  

 Can quantities be reduced (particularly intermediate requiring storage)?  

 Can potential releases be reduced via lower temperatures or pressures, 

equipment elimination, or sealless pumps?  

 Can waste be reduced (i.e., by using a regenerative catalyst or recycling)?  

 What is additional information (toxicology information or reactive chemicals data) 

required?  

 Can the equipment or process be simplified, mistake-proof, or at least mistake 

tolerant by applying ergonomic/human factors principles?  

 Have trace materials or contaminants in the process been identified, along with 

their effects?  

5. During the inherent safety review, at the design development stage, identify potential 

human factors/ergonomics issues that the design team should address.  

6. Document the review and follow-up items.  

9.4 Inherent Safer Review Checklist 

The following review methods can be used to ensure that inherent safety is considered and 

documented for hazardous processes:  

 An independent inherent safer analysis was conducted in addition to a PHA, either in 

tandem or separately. This analysis should review the process for eliminating or 

reducing hazards present in the covered process and may be achieved using an ISD 

checklist (Annex B). 

 An inherently safer analysis that is incorporated into the existing PHA review process. 

In most cases, an initial stand-alone inherent safer analysis should be conducted for 
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the entire process to ensure it receives adequate attention. Again, this may be 

achieved using a checklist (Annex B) or a guideword approach. This type of analysis 

would review the processes for eliminating or reducing hazards and risks using the 

other risk management strategies (passive, active, and procedural).  

The intent of the checklist is to stimulate discussion and thinking about process improvements 

and to encourage the concept of avoiding and reducing hazards, not just preventing/ 

mitigating hazard consequences by adding protective equipment. "Out-of-the-box" thinking 

is strongly encouraged.  

The checklist questions are not always relevant for an individual facility or every phase of a 

project, or an existing facility. The checklist should be tailored for your facility and for the 

stage the checklist is being applied for new processes, as follows:  

 During the chemistry-forming (synthesis) phase for product/process research and 

development, focus on the chemistry and process.  

 During the facilities design scoping and development before completion of the design 

basis to focus on equipment and configuration.  

 During the basic design phase of the project.  

The following procedure is used to answer each ISD Evaluation Checklist item: 

1. Determine the applicability of the item to the process being reviewed. Indicate "Y" or 

"N" in the appropriate column to indicate applicability.  

2. If an item applies to the process under review, determine whether any ISD 

opportunities or applications are available that could potentially reduce the risk 

(consequences and/or likelihood) of an accidental or intentional release. If an ISD 

opportunity is identified, it should be described in the Opportunities/Applications 

column. If no new ISD opportunities are identified, this is noted in the Opportunities/ 

Applications column with supporting information, including general references to 

existing safeguards and ISD already implemented, where applicable.  

3. If an ISD opportunity is identified, the review team should perform a screening 

evaluation of the alternative, and the results should be summarized in the Feasibility 

column. Suppose the ISD alternative is infeasible (due to cost, technology limitations, 

security, operability, safety, or other factors). In that case, this decision is noted along 

with supporting information, including general references to existing safeguards and 

ISD already implemented, where applicable. The status of the opportunity (e.g., "to 

be evaluated further," "evaluation in progress," "implementation in progress," etc.) is 

documented in the "Current Status" column.  

4. If an ISD opportunity is deemed potentially feasible, a recommendation for further 

evaluation or implementation is made by the team and entered in the 

"Recommendations" column.  
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While proceeding through the ISD review checklist, existing safeguards are reviewed for each 

ISD alternative determined to be infeasible. In some cases, the checklist suggests layers of 

protection (safeguards), which can be active, passive, or procedural. Credible safeguards 

designed to prevent, detect, or mitigate a hazard may be as effective as implementing ISD 

alternatives. For security issues, countermeasures can be detection, deterrence, delay, or 

response.  

In general, supporting information for rejecting inherently safer design alternatives should 

include the presence and adequacy of existing safeguards combined with cost, operability, or 

other issues that reduce the feasibility of implementing the inherently safer options.  

9.5 Review Report and Action Closeout 

Upon completion of the ISD workshop, the outcome of the ISD review should be used in 

developing the project design philosophy or equivalent. It should not be limited to only the 

close-out of recommendations. The Chairman shall prepare the draft and final ISD review 

reports. The ISD review report shall have a summary of findings and should clearly show the 

roles and responsibilities for actions close-out and the timescale/ date to complete actions. 

The draft ISD review report should be issued to all team members for review to ensure it is 

an accurate record of the meeting.  

Responsibility for follow-up and closure of ISD Review actions remains with the project 

manager or asset owner (for operations). Recommendations must be resolved with an 

auditable, fully documented record of all actions taken, decisions, and alternative solutions. 

All accepted actions shall be tracked and ensured that the project/facility implements all 

actions.  
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Annex A - Examples of ISD Goals 

A.1. Fewer Hazards 

Fewer wells.  How might a few wells be possible with horizontal drilling? 

 Is the field beyond the reach of existing infrastructure? 

 What scope for subsea manifold commingling to reduce platform 
wellheads? 

Fewer heavy lifts.  Can topsides be single lifts? Can it be floated over? 

 Eliminate lifting of heavy objects by design, especially over 
operating facilities. 

 Maximize fixed lifting equipment. 

Simpler 
construction, 
hookup. And 
decommissioning. 

 What opportunities exist to simplify the structural design? 

 What opportunities exist to simplify construction methods? 

 Minimize hours needed offshore to hook up and commission 
facilities. 

Less rotating 
equipment. 

 How much sparing is needed if high-quality equipment is used? 

 Consider the slight increase in downtime against reduced cost, 
weight, cabling, control, fire protection, structural loading, and 
maintenance. 

Less hydrocarbon 
processing. 

 What possibilities exist for: 
- Fewer separators, scrubbers, and compressors? 
- Exporting wet oil/gas instead of dry? 
- Minimizing HP gas and avoiding HP in congested areas? 

Less product 
storage. 

 Eliminate/reduce onboard storage. 

No hazardous 
chemicals. 

 If a chemical injected for reaction modification, corrosion control, 
or deoxygenation is toxic, consider substituting the less toxic 
chemical. 

 If the toxic substance is an intermediate product, seek ways to 
eliminate it. 

Less offshore 
hookups or 
commissioning. 

 Minimize hours needed offshore to commission facilities as a 
contribution to risk reduction. 

Less maintenance 
for expected life. 

 Take practical steps to eliminate the maintenance that involves 
work in hazardous locations. 

 Minimize rotating or reciprocating equipment (including sparing). 

 Use nobler metals and nonmetals to avoid corrosion (see "Less 
corrosion" in Table A.2). 

 Use protective finishes on structures and facilities that will last for 
facility life. 

 Adopt "Replace Only Policy" (i.e., no facility repair). 

 Use sealed, nonrepairable equipment if possible (including 
instruments). 
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Less movement 
of personnel and 
materials. 

 Design for minimum staff. 

 Consider more automation but balance against increased 
automation maintenance. 

 Less need for fabric maintenance and process simplification makes 
a big contribution. 

 Minimize the staff needed at every stage to reduce exposure to 
transport accidents. Limit site access for vehicles and install passive 
speed controls. 

 Train forklift and crane drivers. Retrain and recertify regularly. 

 Audit private aviation companies. 

Fewer dangerous 
activities. 

 Eliminate by design: diving, overside work, working at heights. 

No simultaneous 
hazardous 
activities 

 Eliminate drilling while producing adjacent wells. 

 Eliminate construction or modification while producing. 
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A.2. Fewer Causes 

Less potential for 
human error. 

 The design team should study accidents caused by human error 
and collect information about common causes. 

 Minimize the probability of wrong equipment selection or 
operation by good ergonomic design, including: 
- Control panels or screens. 
- Switching or motor starting panels. 
- Numbering of spared equipment (accidents result from 

confusing similar numbers). 
- Color coding of pipes and other equipment. 

Less corrosion.  Choose nobler materials that eliminate the need for active 
corrosion control, maintenance, or replacement, minimizing both 
risk and OPEX over the facility's life. 

No routine 
breaches of 
containment. 

 See "Less corrosion." 

Less piping and 
joints. 

 Less hydrocarbon processing (from Table A.1, "Less hydrocarbon 
processing") will help. 

 Eliminate the main causes of leaks derived from the intranet's leak 
reduction project. 

 Minimize flanges and unions. 

 No screwed joints for hydrocarbon duty. 

 Minimize dead legs and drain points. 

 Minimize compression unions (none on flammable fluids, except 
instrument lines after restrictor and none on turbine fuel or oil 
lines). 

Fewer 
instruments. 

 Eliminate unnecessary instrumentation, especially monitoring and 
telemetry. 

 Minimize the use of intrusive instruments in favor of nonintrusive 
ones. 

Less dependence 
on active 
protective 
devices. 

 Make equipment strong enough to minimize the need for active 
protection. 

 Design to never use a human as a protective element. 

Less working in 
hazardous areas. 

 No online: 
- Painting. 
- Live electrical work. 
- Routine access by scaffolding. 

 No: 
- Manual sampling. 
- Manual tank dipping. 
- Manual chemical injection. 

No breakdowns.  Less rotating equipment (from Table A.1, "Less rotating 
equipment") will help.  
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 Specify high-quality equipment. 

 Avoid reciprocating machines. 

No weak points.  Design to eliminate anything needing frequent critical inspection 
(e.g., expansion bellows). 

Greater reserves 
of strength in 
structure and 
process 
equipment. 

 Design for longer fatigue life. Most facilities go on well beyond their 
design life. 

 Increase wall thickness (corrosion allowance) on pipework and 
pipelines. 

No routine lifts 
over process 
equipment. 

 Design for no lifts over process equipment (see Table A.1, "Fewer 
heavy lifts"). 

No dropped 
objects. 

 Eliminate or minimize the need to take tools aloft. 

 Consider non-crane ways of moving heavy objects. 

Less working in 
dangerous places. 

 Eliminate or minimize by design: 
- Work at heights (including flares). 
- Vessel entry. 
- Working below ground. 
- Working down deep shafts or columns. 
- Working on roofs, including tank roots. 
- Working over water. 

No harm from 
tools, equipment, 
or machinery. 

 By design, seek to standardize sizes and limit the range of tools and 
equipment needed for maintenance. 

 Avoid the need to work on running machines. 

No industrial 
illnesses. 

 Ensure that the design team understands the carcinogenic nature 
of oil in long-term contact with skin. 

 Refer to COSHH, CHIP/CHIP3, and MSDS data. 

 Refer to causes of stress. 
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A.3. Reduced Severity 

Smaller process 
inventories. 

 Reduce the number and size of separators to a minimum. 
 Use advanced technology to reduce the size of scrubbers and KO 

pots. 
 Minimize the length and diameter of piping to minimize inventory. 

Lower process 
pressures. 

 Design to process and export at the lowest possible pressures. 

No HP gas in 
congested areas. 

 Minimize inventory of HP gas, minimize pressure, and avoid 
congested areas to reduce escalation potential (see Table A.1. 
"Less hydrocarbon processing"). 

Fewer ignition 
sources. 

 Eliminate or minimize: 
- Hot exhausts. 
- Direct-fired equipment, including gas turbines and glycol 

regenerators. 
- Non-flame-proof electrical equipment, including switchgear. 
- Naked flame, hot work during production. 

Lowest explosion 
overpressures. 

 Design to minimize release rates and volumes available by 
Segregating equipment by shutdown valves. 

 Optimize layout and minimize congestion to lower explosion 
overpressures. 

 Maximize natural ventilation. 
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A.4. Fewer Consequences 

Unmanned facilities.  Try for possible unmanned or not a normally manned 
facility. 

 Design for minimum staff but balanced against cost and 
maintenance of automation. 

No hazards near the 
public. 

 No third party should be within the zone reachable by the 
worst credible event. 

No unnecessary 
presence in facilities. 

 Design for minimum personnel and balance against 
increased maintenance cost of automation.  

 Facilities may require more or less auxiliary control rooms, 
switch houses or substations, and analyzer houses. T-shacks. 

No exposure of living 
and rest areas to the 
effects of hazards. 

 If personnel need to live in the facility, consider how best to 
separate living quarters from the worst credible event, 
preferably by distance rather than fire or explosion walls. 

No exposure of critical 
equipment to the 
effects of hazards (no 
escalation). 

 Equipment should be designed so that one area's worst 
credible event cannot produce major failure in another. 

No environmental 
impact 

 The worst credible event's consequence should be 
containable so that no environmental damage occurs. 

No need to evacuate for 
the worst credible 
event. 

 Design such that the worst credible event does not 
necessitate the facility's emergency evacuation. 
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Annex B - ISD Checklist 

Notes:  

 The ISD "Elimination" principle-related questions are mainly impeded in the 

"Substitute" checklist in addition to other principles' checklists, as well. 

 This checklist aims to stimulate discussion, think about process improvements, and 

encourage the concept of avoiding and reducing hazards, not just preventing/ 

mitigating hazard consequences, by adding protective equipment. "Out-of-the-box" 

thinking is strongly encouraged.  

Reference: Center for Chemical Process Safety (CCPS), Inherently Safer Chemical Processes: A 

Life Cycle Approach, 2019. 
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1 SUBSTITUTE Questions: 
Applicable 

(Y/N)? 
Opportunities/ 

Applications 
Feasibility Current Status Recommendations 

1.1 Is this (hazardous) process/product 
necessary? 

     

1.2 Is it possible to eliminate hazardous 

raw materials, process intermediates, 

or by-products using an alternative 

process or chemistry? 

     

1.3 Is it possible to eliminate in-process 

solvents and flammable heat transfer 

media by changing chemistry or 

processing conditions? 

     

1.4 Is an alternate process available for 

this product that eliminates or 

substantially reduces the need for 

hazardous raw materials or the 

production of hazardous 

intermediates? 

     

1.5 Is it possible to substitute less 
hazardous raw materials? 

     

• Noncombustible for flammable      

• Less volatile      

• Less reactive      

• More stable      

• Less toxic      
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1 SUBSTITUTE Questions: 
Applicable 

(Y/N)? 
Opportunities/ 

Applications 
Feasibility Current Status Recommendations 

• Low-pressure steam rather than 
flammable heat transfer fluid (i.e., 
operated above flash point). 

     

1.6 Is it possible to substitute less 
hazardous final product solvents? 

     

1.7 Is it possible to use a non-flammable 
refrigerant instead of a flammable 
one (or minimize inventory)? 

     

1.8 Are there any other alternatives for 
substituting or eliminating the use 
of hazardous materials in this 
process? 

     

 
 
  



 

INHERENT SAFER DESIGN (ISD) GUIDELINE  

 
DOCUMENT NO: EGPC-PSM-GL-003 

 

 
 

Revision: 0              Page: 33 of 51 

2 MINIMIZE Questions: 
Applicable 

(Y/N)? 
Opportunities/ 

Applications 
Feasibility Current Status Recommendations 

2.1 Inventory Reduction      

2.1.1 Can hazardous raw materials 
inventory be reduced? 

     

• Just-in-time deliveries based on 
production needs 

     

• Supplier management, including 
strategic alliance. 

     

• On-site generation of hazardous 
material (in situ) from less 
hazardous raw materials. 

     

• Hazardous raw material inventory 
management system based on the 
production forecast. 

     

2.1.2 Can (hazardous) in-process storage and 
inventory be reduced? 

     

• Direct coupling of process elements.      

• Eliminating or reducing the size of in-
process storage. 

     

• Designing process equipment 
involving hazardous material with 
the smallest feasible inventory. 

     

2.1.3 Can hazardous finished product 
inventory be reduced? 

     

• Improving production 
scheduling/sales forecasting. 

     

• Improving communication with      
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2 MINIMIZE Questions: 
Applicable 

(Y/N)? 
Opportunities/ 

Applications 
Feasibility Current Status Recommendations 

transporters/material handlers. 

• Hazardous finished product 
inventory management system 
based on sales forecast. 

     

2.2 Process Intensification Considerations      

2.2.1 Can alternate equipment with 
reduced hazardous material 
inventory requirements be used? 

     

• Centrifugal extractors in place of 
extraction columns. 

     

• Flash dryers in place of tray dryers.      

• Continuous reactors in place of a 
batch. 

     

• Plug flow or loop reactors in place of 
continuous stirred tank reactors. 

     

• Continuous in-line mixers (e.g., 
static mixer) in place of mixing 
vessels or reactors. 

     

• Intensive mixers to minimize the size 
of the mixing vessel of the reactor. 

     

• High heat-transfer reactors (e.g., 
microreactor, HEX reactor). 

     

• Spinning-disk reactor (especially for 
high heat-flux or viscous 

liquids). 
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2 MINIMIZE Questions: 
Applicable 

(Y/N)? 
Opportunities/ 

Applications 
Feasibility Current Status Recommendations 

 

• Compact heat exchangers (higher 
heat transfer area per unit volume, 
e.g., spiral, plate & frame, plate-fin) 
in place of shell-and-tube. 

     

• A more hazardous material is 
on the tube side in shell-and-
tube exchangers. 

     

• Use water or other non-flammable 
heat transfer medium, a vapor-phase 
medium, or a medium below its 
boiling point. 

     

• Wiped film stills in place of 
continuous still pots (distillation 
columns). 

     

• Combine unit operations (such as 

reactive distillation or extraction in 

place of a separate reactor with a 

multi-column fractionation train or 

extractor; install internal reboilers or 

heat exchangers) to reduce overall 

system volume. 

     

• Use acceleration fields (e.g., rotating 
packed bed for gas/liquid or 
liquid/liquid contacting for 
absorption, stripping, distillation, 
extraction, etc.). 
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2 MINIMIZE Questions: 
Applicable 

(Y/N)? 
Opportunities/ 

Applications 
Feasibility Current Status Recommendations 

• Alternate energy sources (such as 
lasers, UV light, microwaves, or 
ultrasound) control reaction or 
direct heat to the unit operation. 

     

2.2.2 
Has the length of hazardous material 

piping runs been minimized? 
     

2.2.3 

Has hazardous material piping been 
designed for minimum pipe 
diameter? 

     

2.2.4 

Can pipeline inventory be reduced by 
using the hazardous material as a gas 
rather than a liquid? 

     

2.2.5 

Can process conditions be changed to 
reduce the production of hazardous 
waste or by-products? 

     

2.3 

Are there other alternatives for 
minimizing the inventory of 
hazardous materials in this process? 
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3 MODERATE Questions: 
Applicable 

(Y/N)? 
Opportunities/Applications Feasibility Current Status Recommendations 

3.1 Is it possible to limit the supply 
pressure of (hazardous) raw 
materials to less than the maximum 
allowable working pressure of the 
vessels to which they are delivered? 

     

3.2 Is it possible to make reaction 
conditions (for hazardous reactants 
or products) (temperature, pressure) 
less severe by using a catalyst or a 
better catalyst (e.g., structured or 
monolithic vs. Packed bed)? 

     

3.3 Can the process be operated at less 
severe conditions (for hazardous 
reactants or products) by considering 
the following: 

     

• Improved thermodynamics or 
kinetics to reduce operating 
temperatures or pressures. 

     

• Changes in the reaction phase (e.g., 
liquid/liquid, gas/liquid, or gas/gas). 

     

• Changes in the order in which raw 
materials are added. 

     

• The raw material is recycled to 
compensate for reduced yield or 
conversion. 

     

• Operating at lower pressure to limit 
potential release rate. 
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3 MODERATE Questions: 
Applicable 

(Y/N)? 
Opportunities/Applications Feasibility Current Status Recommendations 

• Operating at a lower temperature 
to prevent runaway reactions or 
material failure. 

     

3.4 Can less concentrated hazardous raw 
materials be used to reduce the 
hazard potential? 

     

• Aqueous ammonia and/or HCl 
instead of anhydrous. 

     

• Sulfuric acid instead of oleum.      

• Dilute nitric acid instead of 
concentrated fuming nitric acid. 

     

• Wet benzoyl peroxide instead of dry.      

3.5 Can larger particle size/reduced dust-
forming solids be used to minimize 
the potential for dust explosions? 

     

3.6 Are all process materials (e.g., 
heating/cooling media) compatible 
with process materials in the event 
of inadvertent contamination (e.g., 
due to a tank coil or heat exchanger 
tube failure)? 

     

3.7 Can an ingredient be added to volatile 
hazardous materials to reduce vapor 
pressure? 

     

3.8 For equipment containing materials 
that become unstable at elevated 
temperatures or freeze at low 
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3 MODERATE Questions: 
Applicable 

(Y/N)? 
Opportunities/Applications Feasibility Current Status Recommendations 

temperatures, is it possible to use 
heating/cooling media that limit the 
maximum and minimum 
temperatures attainable (i.e., self-
limiting electric heat tracing or hot 
water at atmospheric pressure)? 

3.9 Can process conditions be changed to 
avoid handling flammable liquids 
above their flash points? 

     

3.10 Is the equipment designed to contain 
the materials that might be present 
inside at ambient temperature or the 
maximum attainable process 
temperature (i.e., higher maximum 
allowable working temperature to 
accommodate the loss of cooling, 
simplified reliance on external 
systems like refrigeration to control 
temperature such that vapor 
pressure is less than equipment 
design pressure)? 

     

3.11 For processes handling flammable 
materials, is it possible to design the 
layout to minimize the number and 
size of confined areas and to limit 
the potential for serious 
overpressure in the event of a loss of 
containment and subsequent 
ignition? 
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3 MODERATE Questions: 
Applicable 

(Y/N)? 
Opportunities/Applications Feasibility Current Status Recommendations 

3.12 Can process units (for hazardous 
materials) be designed to limit the 
magnitude of process deviations? 

     

• Selecting pumps with a maximum 
capacity lower than the safe rate of 
addition for the process. 

     

• For gravity-fed systems, limiting 
the maximum feed rate to be within 
safe limits by pipe size or fixed 
orifice. 

     

• Minimum flow recirculation line 

for pumps/compressors (with the 

orifice to control flow) to ensure 

minimum flow in the event of 

Deadheading. 

     

3.13 Can hazardous material liquid spills be 
prevented from entering the 
drainage system/sewer (if the 
potential for fire or hazardous 
reaction exists, e.g., water-reactive 
material)? 

     

3.14 For flammable materials, can spills be 
directed away from the storage 
vessel to reduce the risk of a boiling 
liquid expanding vapor explosion 
(BLEVE) in the event of a fire? 
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3 MODERATE Questions: 
Applicable 

(Y/N)? 
Opportunities/Applications Feasibility Current Status Recommendations 

3.15 Can passive designs, such as the 
following, be implemented? 

     

• Secondary containment (e.g., dikes, 
curbing, buildings, 

enclosures) . 

     

• Use of properly vented blowdown 
tank for the dumping of runaway 
reaction mass . 

     

• Permanent bonding and 
grounding systems for 
process equipment, tanks, 
and vessels . 

     

• Use gas inerting systems to 
handle flammables and 
explosive dust (e.g., nitrogen, 
CO2) . 

     

• Use dip legs with anti-siphon 
openings for feed to flammable 
liquid storage tanks . 

     

• Fireproofing insulation vs. 
fixed/portable fire protection . 

     

3.16 Can gases be transported and stored 
at low or atmospheric pressure on a 
high-capacity adsorbent instead of 
using pressurized gas cylinders? 

     

3.17 Are there other alternatives for 
moderating the use of hazardous 
materials in this process? 
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4 SIMPLIFY Questions: 
Applicable 

(Y/N)? 
Opportunities/ 

Applications 
Feasibility Current Status Recommendations 

4.1 Can equipment be designed such that 
it is difficult or impossible to 

create a potentially hazardous 
situation due to an operating or 
maintenance error? 

     

• Easy access and operability of valves 
to prevent inadvertent errors. 

     

• Elimination of all unnecessary cross-
connections. 

     

• Use dedicated hoses and compatible 
couplings for reactants where hose 
connections are used. 

     

• Designing temperature-limited heat 
transfer equipment to prevent 
exceeding maximum process or 
equipment design temperatures. 

     

• Use of corrosion-resistant materials 
for process equipment, piping, and 
components. 

     

• Operating at higher temperatures 
to avoid cryogenic effects such as 
embrittlement failures. 

     

• Using alternative agitation methods 
(e.g., external circulation using a 
sealless pump which eliminates 
potential releases due to agitator seal 
failures). 
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4 SIMPLIFY Questions: 
Applicable 

(Y/N)? 
Opportunities/ 

Applications 
Feasibility Current Status Recommendations 

• Use of mixing feed nozzle instead of 
agitator for vessel mixing. 

     

• Using underground or shielded tanks.      

• Specifying fail-safe operation on 
utility failure (e.g., air, power). 

     

• Allocating redundant inputs and 
outputs to separate modules of 

the programmable electronic system 
to minimize common cause failures. 

     

• Provide continuous pilots 
(independent, reliable source) 
for burner management 
systems. 

     

• Using refrigerated storage vs. 
pressurized storage. 

     

• Using independent power buses 
for redundant equipment to 
minimize the consequences of 
partial power failures. 

     

• Minimizing equipment wall area to 
minimize corrosion/fire exposure. 

     

• Minimizing connections, paths, and 
the number of flanges in hazardous 
processes. 

     

• Avoiding the use of threaded 
connections in hazardous service. 
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4 SIMPLIFY Questions: 
Applicable 

(Y/N)? 
Opportunities/ 

Applications 
Feasibility Current Status Recommendations 

• Using double-walled pipe.      

• Minimizing the number of bends in 
piping (potential erosion points). 

     

• Using expansion loops in piping 
rather than bellows for thermal 
expansion. 

     

• Designing equipment isolation 
mechanisms for maintenance in 
the process. 

     

• Limiting manual operations such as 
filter cleaning, manual sampling, 
hose handling for loading/unloading 
operations, etc. 

     

• Designing vessels for a full vacuum to 
eliminate the risk of vessel collapse. 

     

• Designing both shells- and-tube 

sides of heat exchangers to contain 

the maximum attainable pressure, 

eliminating the need for pressure 

relief (may still be needed to meet 

fire safety requirements). 

     

• Designing/selecting equipment 
that makes incorrect assembly 
impossible. 

     

• Using equipment that identifies 
status: 
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4 SIMPLIFY Questions: 
Applicable 

(Y/N)? 
Opportunities/ 

Applications 
Feasibility Current Status Recommendations 

• Check valves with the easy-to-
identify direction of flow. 

     

• Gate valves with rising spindles 
indicate the open or closed position. 

     

• Spectacle (or figure 8) blinds instead 
of slip plates. 

     

• Manual quarter-turn block valves 
with handles that indicate the 
position. 

     

• For automated block valves, display 
the actual valve position in addition 
to the output to the valve. 

     

• Designing equipment with a MAWP 
to contain the maximum pressure 
generated without reliance on 
pressure relief systems, even if the 
"worst credible event" occurs? 

     

• Use an open vent or overflow line to 
secondary containment for 
overpressure, overfill and vacuum 
protection. 

     

• Eliminate utility connections above 
the pressure rating of the vessel 

     

• Carrying out several process steps 

in separate processing vessels rather 

than a single multi-purpose vessel 
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4 SIMPLIFY Questions: 
Applicable 

(Y/N)? 
Opportunities/ 

Applications 
Feasibility Current Status Recommendations 

(to reduce the complexity and 

number of raw materials, utilities, 

and auxiliary equipment connected 

to a specific vessel). 

4.2 Can passive leak-limiting technology 

be used to limit potential loss of 

containment? 

     

• Blowout-resistant gaskets (e.g., spiral 
wound). 

     

• Increasing wall strength of piping and 
equipment. 

     

• Maximize the use of the all-welded 
pipe. 

     

• Using fewer pipe seams and joints.      

• Providing extra corrosion/erosion 
allowance (e.g., Sch. 80 vs. 40). 

     

• Reducing or eliminating vibration 
(e.g., through vibration dampening or 
equipment balancing). 

     

• Minimize using open-ended (bleed 
or vent), quick-opening valves (for 
example, quarter-turn ball or plug 
valves). 

     

• Eliminating open-ended (bleed or 
vent), quick-opening valves (for 
example, quarter-turn ball or plug 
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4 SIMPLIFY Questions: 
Applicable 

(Y/N)? 
Opportunities/ 

Applications 
Feasibility Current Status Recommendations 

valves) in hazardous service. 

• Using incompatible hose 
connections prevents misconnection 
(e.g., air/ nitrogen, raw materials). 

     

• Use round valve handles for open-
ended quarter-turn valves to 
minimize the potential for bumping 
open. 

     

• Improving valve seating reliability 
(e.g., using system pressure to seal 
valve seats where possible, using 
valve seat geometry, valve 
operations, and flow to eliminate or 
reduce seat damage). 

     

• Eliminating unnecessary expansion 
joints, hoses, and rupture disks. 

     

• Use of articulated arms instead of 
hoses for loading/unloading 
hazardous materials. 

     

• Eliminating unnecessary sight 
glasses/glass rotameters; use high-
pressure/armored sight glasses as 
needed 

     

• Eliminate using glass, plastic, or 
other brittle material as 
construction material. 

     

• Use of seal-less pumps (e.g., canned, 
magnetic drive). 

     



 

INHERENT SAFER DESIGN (ISD) GUIDELINE  

 
DOCUMENT NO: EGPC-PSM-GL-003 

 

 
 

Revision: 0              Page: 48 of 51 

4 SIMPLIFY Questions: 
Applicable 

(Y/N)? 
Opportunities/ 

Applications 
Feasibility Current Status Recommendations 

• Use top-unloading vessels /storage 
tanks; minimize the number of 
bottom connections/ fittings. 

     

• Minimizing the number of different 
gaskets, nuts, bolts, etc., reduces the 
potential for error. 

     

4.3 Has attention to control system 
human factors been addressed 
through: 

     

• Simplified control displays.      

• Limited instrumentation complexity.      

• Displayed information about normal 
and abnormal process conditions. 

     

• Logical arrangement of controls and 
displays that match operator 
expectations 

     

• Separate displays that present 
similar information in a consistent 
manner. 

     

• Safety alarms are easily distinguished 
from process alarms. 

     

•Correction of nuisance alarms and 

elimination of redundant alarms as 

soon as practical to help prevent 

complacency. 
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4 SIMPLIFY Questions: 
Applicable 

(Y/N)? 
Opportunities/ 

Applications 
Feasibility Current Status Recommendations 

• Control system displays that give 
adequate feedback for all operational 
actions. 

     

• The layout of the control system 
displays that it is logical, consistent, 
and effective. 

     

• Controls that are distinguishable, 
accessible, and easy to use. 

     

• Controls that meet standard 
expectations (color, direction of 
movement, etc.). 

     

• Control arrangements that logically 
follow the normal sequence of 
operation. 

     

• Operating procedure format and 
language which operators believe are 
easy to follow and understand and 
that includes the necessary 
information. 

     

4.4 Are there other alternatives for 

simplifying operations involving 

hazardous materials in this process? 
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5 
SEGREGATION/ LOCATION / SITING / 

TRANSPORTATION Questions: 
Applicable 

(Y/N)? 
Opportunities/ 

Applications 
Feasibility Current Status Recommendations 

5.1 Can the plant be located to minimize 

the need for transportation of 

hazardous materials? (e.g., co-

located with supplier/customer, on-

site production of hazardous raw 

materials)? 

     

5.2 Can hazardous process units be 

located to eliminate or minimize: 
     

• Adverse effects from adjacent 
hazardous installations. 

     

• Offsite impacts.      

• On-site impacts on employees and 

other plant facilities, including 

control rooms, fire protection 

systems, emergency response and 

communication facilities, and 

maintenance and administrative 

facilities. 

     

5.3 Can a multi-step process, where the 

steps are done at separate sites, be 

divided differently to eliminate the 

need to transport hazardous 

materials? 
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5 
SEGREGATION/ LOCATION / SITING / 

TRANSPORTATION Questions: 
Applicable 

(Y/N)? 
Opportunities/ 

Applications 
Feasibility Current Status Recommendations 

5.4 Can materials be transported:      

• In a less hazardous form (e.g., 
refrigerated liquid vs. pressurized). 

     

• In a safer transport method 
(e.g., via pipeline, top vs. bottom-
unloaded, rail vs. truck). 

     

• Along a safer route (e.g., avoiding 
high-risk areas such as high 

population areas, tunnels, or high-

accident-rate sections of roadway)? 

     

 

 

 
 
 
 
 
 
 
 
 
 


