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Abstract 
 

The challenge of the economic performance is becoming more and more heavy on the companies in a context of 
diversified constraints imposed by their macro-system, indeed, by their environment. It is obvious that the performance 
of production systems is directly proportional to the level of safety of their resources. In this perimeter, our work aims 
to improve one of attributes of the dependability of production systems, which is the safety, during all phases of a 
system's life, by using a system approach developed and applied to the safety, we have called it "The Production 
System Safety Approach". It allows to harmonize the safety to the different processes of the company in general, and 
to harmonize it to the production process in particular. It is based on our hypothesis of safety of classes of subsystems 
and interactions according to the general hierarchical diagram of a system, making reference to our development of a 
new tool called "Plan of Microscopic Analysis of Risks related to Classes of Subsystems (or MARCS Plan)". 
 
Keywords 
Environment, safety, production systems, system approach, Microscopic Analysis of Risks related to Classes of 
Subsystems. 
 
1. Introduction 
 

The systemic (the system approach) fixed the principles characterizing the natural character that ensures the 
equilibrium for any system, whatever its nature and structure. It has given to the concept of system its deserved value, 
by taking it out of the cage from the closure designed by the reductionists (the Cartesians) towards the opening on its 
environment (Hallioui and Herrou, 2020). As early as 1951, the Austrian biologist Ludwig von Bertalanffy, in a major 
article published in the journal Human Biology under the title "General Systems Theory", formulated an innovative 
concept of complex of interacting elements (Institut Numérique, 2014). He said "A system can be defined as complex 
of interacting elements (Bertalanffy, 1968) ", which developed and popularized the concept of system. The Systemic 
constitutes, according to the Bertalanffy's own words, "a new philosophy of nature" (Turchany, 2020). For a system, 
the complexity, the criticality of tasks to be accomplished and the environmental realities are all constraints that justify 
the need for irreproachable safety in continuous improvement. 

The process or production improvement and safety are two important factors to any successful manufacturing 
company (Boudinot et al., 2017). At first, the implementation of ergonomics in manufacturing to reduce injuries and 
improve efficiencies requires communication between safety, quality and production professionals (Schwerha et al., 
2020), so, in the frame of the process approach which is the application of the system approach for the company, by 
considering this latter as a system, but the system according to its paradigm provided by the systemic! In fact, it is the 
application of the systemic in the optic of the organization in general: We can define the safety as an immersed and 
active part or process with others (as production and all process) within a larger whole which is the company.  

One concept that has developed recently is the concept of safety/ production compatibility (Boudinot et al., 2017; 
McLain and Jarrell, 2007). Although an integrated approach is thought to be very important to bringing safety and 
productivity together, companies may struggle finding compatibility between working safely and being productive! 
(Jarebrant et al, 2015 ; Lokkerbol et al., 2012 ; Nunes, 2015 ; Pagell et al, 2013 ; Pagell et al., 2015 ; Schwerha et al., 
2017 ; Westgaard and Winkel, 2011). For the production systems safety, we have recently thought to establish a 
"Production System Safety Approach", based on our hypothesis of safety of classes of subsystems and interactions for 
a studied system, based on a system analysis enveloping its safety. The deployment of this new system approach 
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applied to the safety, must be carried out by the risk analysis using a new tool developed called the Plan of Microscopic 
Analysis of Risks related to Classes of Subsystems (or MARCS plan) of a system. 

Until now in the industry world, there are several tools of risk analysis, but what is new, special and characterizes 
the Production System Safety Approach, is that the MARCS Plan tool is the only one that has an increased risk 
assessment by being combined with the work instructions in the frame of a system analysis applied to the safety. It is 
in view of the holistic character of the production system, in fact, it is in view of the creative evolution of this 
organization according to its environment. Which has allowed us to think to not neglect the interactions between all 
the parts that make up the production system and those between it and its parts as well as between it and what surrounds 
it (the environment or the macrosystem) as a larger whole, in addition to a very special risk analysis procedure that 
can make the example for the companies around the world in the field of production system dependability in general, 
and the safety in particular. In order to be more explanatory and increase the scope of deployment of the MARCS plan 
tool, we prefer to project it onto the scope of the production unit maintenance activity. 
 
2. Concepts related to the system safety 
 

According to the standard EN 292-1 on Safety of machinery - Basic concepts, general principles of design - Part 
1: basic terminology, methodology, the safety of a machine is its ability to perform its function, to be transported, 
installed, developed, maintained and disposed of under the conditions of normal use specified in the instructions, 
without causing injury or damage to health (Norme EN 292-1, 1991). Moreover, the safety can be defined by the 
ability of a system to not generate critical or catastrophic events under well-defined conditions (CIMI, 2011). In fact, 
the system safety is the application of principles, criteria and techniques of engineering and management to optimize 
the safety and reduce the risks within the limits of operational efficiency, time and cost throughout the phases of the 
system life cycle (NASA Safety Center, 2015). In order to initiate and give the example in matters of the safety 
component, this part of the article makes under light the basic concepts of safety which are: 

• Hazard (source of risk): Source or situation which may cause injury, damage to health, damage to material or 
the environment at the workplace, or a combination of these (OCP Group, 2013); 

• Risk: Probability, expressed either in probability or in frequency, of a danger materializing (Smith, 2011). It 
is the combination of the probability of occurrence of one or more dangerous events, the severity of the damage 
likely to be generated and the frequency of exposure to this dangerous event (OCP Group, 2013); 

• Incident: Any event which could have led to material and/ or bodily and/ or environmental damage (OCP 
Group, 2013); 

• Accident: Any event which has led to material and/ or bodily and/ or environmental damage (OCP Group, 
2013); 

• Damage: Consequence of the accident (realization of the Risk) (OCP Group, 2013). 
These are definitions extracted from the Standard of Risk Analysis of the OCP Group, in view of our experiences 

with this industrial group and its commitment to the excellence in HSE (Hygiene, Safety and Environment) which has 
been awarded according to the Newspaper Le Site Info (2018) by obtaining a gold medal from the International 
Fertilizer Association (IFA) on Wednesday, November 14, 2018, on the sidelines of the IFA Strategic Forum in 
Beijing, China. Reducing and even eliminating the hazards of a system leads to a reduction in risks, and therefore a 
reduction in the number of incidents, the number of accidents and the damage likely to take place. This directly 
contributes to the optimization of the average downtime (MDT) and therefore to the optimization of the availability 
component (Hallioui and Herrou, 2020). 
 
3. Improvement of the system safety, a system approach 

 
3.1. What is common for the safety and the risk management 
 

Risk Identification: Before an event can be quantified, it must first be identified and there are a number of formal 
procedures for this process, such as (Smith, 2011): 

• Hazard Identification (HAZID): It is used to identify the possible hazards; 
• HAZOP (Hazard and Operability Studies): It is used to establish how the hazards might arise in a process; 
• HAZAN: It is dedicated to the analysis of consequences; 
• Etc. 
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Risk assessment: It is the general process of estimating the magnitude of risk and making decisions about its 
acceptability (OCP Group, 2013). It is the process of determining the magnitude and consequences of risk (NASA 
Safety Center, 2015). 

In general, in the risk analysis, we mainly address these questions: What is the hazard? What is its probability? 
What are the consequences? How can the level of safety be improved? (Verma et al., 2015) After identifying a hazard, 
the term "risk analysis" is often used to encompass two types of assessment (Smith, 2011): 

• The frequency (or probability) of the hazardous event generated by the risk: This is the Score of Risk (or its 
criticality) SR=f*po*G, with:  
- f: The frequency of exposure to the hazardous event; 
- Po: The probability of occurrence of one or more hazardous events; 
- G: The severity of the damage likely to be generated. 

• The consequences of the event. 
 
3.2. Production System Safety Approach 
 
3.2.1. General hierarchical diagram of a production system  
 

This is a part extracted and developed from our research work entitled System Approach for Improving the 
Dependability of Production Systems, State of the Art - Proceedings of the 5th North American International 
Conference on Industrial Engineering and Operations Management, Detroit, Michigan, USA, August 10-14, 2020, it 
is a reprise in the context of improving the safety attribute of production activities, in fact, in the context of establishing 
methods allowing the efficiency combining production and safety. Rosnay (1975) said that system analysis as a 
method and one of the tools of the system approach leads to the reduction of the system into its elements and 
elementary interactions. So, it is opposed to the cartesian reductionism, which reduces the system to its elements. 
Through our dynamic vision of the system approach attached to the systemic thinking, indeed, through the system 
analysis, we carried out the basic diagram (fig. 1) of our hypothesis for improving the safety of production systems: 

 

Figure 1. General hierarchical diagram of a system with the classes of its subsystems and the interactions     
(Hallioui and Herrou, 2020). 
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So, through our dynamic vision of the system approach attached to the systemic thinking (Hallioui and Herrou, 
2020): 

• The system includes classes of subsystems and internal and external interactions; 
• Each class has subsystems and their interactions; 
• Each subsystem of class k (with k> = 1) can be composed by one or more subsystems of class k + 1. Example: 

according to the general hierarchical diagram of the system in the figure above, class 1 is composed of the 
subsystems i and j. And: 
 In class 2: 

- i1, i2… iN are Sub-Subsystems of the whole System, because they are subsystems of the subsystem 
i of class 1; 

- j1… jM are Sub-Subsystems of the Whole System, because they are subsystems of the subsystem j 
of class 1; 

 In class 3: 
- i11, i12 and i13 are Sub-Sub-Subsystems of the Whole System, because they are subsystems of the 

Sub-Subsystem i1 of class 2; 
-  i21, i22 and i23 are Sub-Sub-Subsystems of the Whole System, since they are subsystems of the 

Sub-Subsystem i2 of class 2; 
- iN1 and iN2 are Sub-Sub-Subsystems of the Whole System, since they are subsystems of the Sub-

subsystem iN of class 2; 
- j11 and j12 are Sub-Sub-Subsystems of the Whole System, because they are subsystems of the Sub-

Subsystem j1 of class 2; 
- jM1, jM2 and JM3 are Sub-Sub-Subsystems of the Whole System, because they are subsystems of 

the Sub-Subsystem jM of class 2; 
 In the same way up to class L; 

• For each class of the hierarchical diagram of a system, the number of SUBS associated with the word system 
(for the subsystems of all the classes) is equal to the level of the class of the subsystem compared to the 
Target System or whole, making the top of the hierarchical diagram, therefore, it must take the name 
‘’Subsystem X of class k> = 1”: for example, in Figure 1: 
 The subsystem i12 of class 3: is a SUB-subsystem of the whole system; 

• The internal interactions are: 
 Those between the classes of the subsystems (see Figures 1). They are called the interactions between 

two successive classes. Example: class 1 and class 2 are linked by: 
- The interaction between the subsystem i of class 1 and its subsystems i1, i2 ... iN of class 2; 
- The interaction between the subsystem j of class 1 and its subsystems j1 ... jM of class 2; 

 The interactions between subsystems of the same class (see Figure 1). 
• The external interactions are those between the system and its environment. 

 
3.2.2. Hypothesis of safety of classes of subsystems and interactions 
 

Thanks to a global vision of the system allowed by the systemic, we can say at first , that the improvement of the 
fourth component of dependability of a system which is its safety requires the improvement of all classes of sub-
systems as well as the interactions in matters of this component, from the base of the hierarchical diagram to the 
subsystems of the 1st class, and it is by following the critical path of safety (Fig. 2), composed of points of concentration 
of the latter, and which are the subject of its evaluation at all the hierarchical classes of the subsystems of the system 
in question. In a second time, we can say that the level of importance or criticality of the interactions follows an 
ascending arrow (from bottom to top) on the general hierarchical diagram of a system (see the Fig. 1), indeed, the 
interactions as well as the classes of the closest subsystems at the top of the hierarchical diagram of a system are the 
most critical in terms of safety (Hallioui and Herrou, 2020): 
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As remark for the Fig. 3, the 5M making the environment of the system are: Methods, Materials, Machines 

(equipment’s, technology’s, etc.), Manpower and Measurements, in fact, they are the sources of risks (they are 
hazards) with which it is external interactions. However, in any risk analysis tool, the work instructions (as elements 
of Methods, and which are among the means of risk prevention) are always excluded and separated from the risk 
analysis plan, since they are items under the responsibility of operation or production service (or department) and not 
that of safety within the company! But thanks to the system approach, the company is a process system in dynamic 
interaction, which helped us to achieve a new risk analysis tool including the work instructions (les modes opératoires 
in French), and this is what will be an article unifying and common between the production service (or operation as 
an implementing process) and the safety service (as a support process) in the company (Hallioui and Herrou, 2020). 
 
3.2.3. The MARCS tool "Microscopic Analysis of Risks Related to Classes of Subsystems" of the 

Production System Safety Approach 
 
3.2.3.1. Presentation 
 

The MARCS plan is our new tool dedicated to detailing the fields of risk analysis for a system, in a distributed and 
interdisciplinary context, including our area of production systems maintenance which is the subject of our current 
research. It combines the risk analysis and the work instructions.  

Figure 2. Critical safety path of a system at each class of subsystems (Hallioui and Herrou, 2020). 

Figure 3. The internal and external interactions of a system (Hallioui and Herrou, 2020). 
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The Production System Safety Approach based on our hypothesis of safety of classes of subsystems and 
interactions (see the part 3.2.2 of this article) allows a microscopic analysis of the risks at each class of subsystems 
for the studied system, by integrating the work instructions allowing to reach a high level of know-how for the 
personnel, a risk assessment more descending and going beyond the 1st class of subsystems, which consequently drains 
the achievement of the peak (excellence) of safety of the system in general as an immersed and active part in its 
environment. 
 
3.2.3.2. Important definitions for the MARCS plan 
 

In order to be more explanatory and to increase the scope of deployment of MARCS tool, we prefer to make its 
projection on the perimeter of the maintenance activity of a product production unit in this study. Therefore, the 
following definitions will be so relevant: 

• Activity: Set of workstations having for objective the transformation of a product, a service or a benefit (BS 
OHSAS 18001:2007, 2007). It is the maintenance of a product production unit (as a system studied in this 
context); 

• Workstation: Set of tasks performed, in an activity, by one or more persons in a time and place defined by 
the company aiming to achieve a specific objective (BS OHSAS 18001:2007, 2007).  It is a subsystem of the 
class k=1 of the studied system which is the activity. As information, for our research, we take into account 
just the tasks to be carried out during the duration of an intervention limited in the time, in order to respond 
to a work demand, in particular: 
 "The maintenance intervention on site" which includes all the tasks to be carried out including those of 

preparation, intervention, displacement and re-commissioning of the equipment; 
• Task: Set of operations to be carried out during the workstation (BS OHSAS 18001:2007, 2007). In this 

context it is the operations to be carried out during a maintenance intervention at the worksite. It is a sub-
system of the class k=2 (SUB-SUB-System) of the maintenance activity that is the system in question. 

 
3.2.3.3. Deployment of the Production System Safety Approach 
 

In summary, the deployment of the Production System Safety Approach is based on the implementation of the 
MARCS plan in several steps, namely for our study: 

• Identify and define all the workstations (subsystems of the 1st class) proper to the production activity; 
• Define the tasks related to each workstation; 
• Establish the work instructions necessary for the realization of each task (detailing and describing its way of 

realization); 
• Identify the hazards and the risks related to each detached task according to its work instructions; 
• Evaluate the risks at the workstations according to the level of exposure, the severity and the probability; 
• Implement an improvement action plan for the prevention of non-acceptable risks and reduce the Score of 

Risk (SR) to a value below 20. 
 

3.2.3.4. Prescriptions and management rules necessary for the Production System Safety Approach 
 

• The trigger element of the MARCS plan: The engineer is required to implement the MARCS plan in the 
following cases:  
 New project or new activity (new production system in general);  
 Modifications made to a production activity;  
 Occurrence of an accident;  
 Periodicity of updating of the risk analysis;  
 Audit recommendations; 
 Etc. 

• Identification of the activity (for our study, the production system is the maintenance activity of a production 
unit) and its sub-systems of 1st class: The engineer must identify the activity which is the system under his 
responsibility, then identify and define the 1st class subsystems (the workstations); 

• Constitution of a working group and training: For each sub-system of 1st class (each workstation), the 
engineer, must ensure the constitution of a working group composed mainly of the team leaders and operators 

Proceedings of the 2nd African International Conference on Industrial Engineering and Operations Management 
Harare, Zimbabwe, December 7-10, 2020

© IEOM Society International 65



concerned by the workstation and eventually of transversal skills. He must also ensure the training of this 
group on the MARCS plan; 

• Identification of the tasks (the sub-systems of 2nd class) related to the workstation (the sub-system of 1st class): 
For each workstation, the working group constituted, ensures the identification of all the associated tasks. 
The identification of the tasks must take into account: 
 The tasks of any maintenance person having access to the workstation (including subcontractors, trainees 

and others);  
 Behavior, skills and other human factors. 

• Integration of the work instructions in the MARCS plan (after training in certain cases): After the realization 
or the provision of the work instructions necessary for the conform and safe realization of the tasks of each 
workstation, it is indispensable to integrate them in the MARCS plan. This can be carried out after training, 
as an example: in the case of person who have never been part of the working group or person who are part 
of an organization that subcontracts the activity. In this context, it is important to note that: 
 The work instructions are among the means of risk prevention, they must be carried out by the production 

or operations department and not never by a department in charge of safety in the company, because, the 
former trend which is the still current until now, is that the work instructions should be independent and 
separated documents to the risk assessment, in fact, to the risk analysis!; 

 The MARCS plan is the first and only tool combining the work instruction and the risk assessment. It is 
the realization of the system approach in matter of safety, indeed, it is the realization of the Production 
System Safety Approach. 

• Hazard and Risk Identification: For each task, the working group shall identify the hazards by referring to 
the list of hazards (Tab. 1). For each hazard, the working group must identify the associated risks; 

• Preliminary risk assessment: taking into account the work instructions which are the only means of 
prevention integrated in the MARCS plan, no other means of risk prevention or safety must be taken in this 
first time of risk assessment: 

 
 

 

 

 

 

 

 

 

 

 

 

 

The working group should evaluate the identified risks based on the following rating criteria: 
 The level of exposure (LE) to the identified risks (which expresses the frequency of exposure to the 

hazardous event according to Smith (2011)); 
 The severity (Sev) of the predictable damage; 
 The probability of occurrence (Po) of the predictable damage. 
The Score of Risk (SR) is the product of the three criteria (LE*Sev*Po or f*G*Po according to the Fig. 2), 
allowing the classification of risks to define those that are the most critical. The criteria (LE, Sev and Po) are 
evaluated according to the rating grid (Tab. 2, Tab.3 and Tab. 4). The risk assessment must be carried out on 

Figure 4. Flowchart of preliminary risks assessment procedure on the MARCS plan. 
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the MARCS plan in a first time, by taking into account only the work instructions without all the other means 
of risk prevention, in particular the PPE (Personal Protective Equipment), the technical protections, etc. 
According to the Fig. 4, if the Score of Risk (SR) is less than or equal to 19, the risk is considered acceptable 
and should be registered and monitored. Otherwise, the risk is considered critical and another assessment 
must be made taking into account the other existing means of risk prevention (also called other existing means 
of mastery, the work instructions are already existing in the MARCS plan and taken into account in the 
preliminary risk assessment). 

• Critical risks assessment: By integration of the other existing means of mastery for the risk prevention (the 
work instructions are already included in the preliminary risk assessment): 
 If the score of risk (SR) is less than or equal to 19, the existing means of prevention are confirmed and 

must be required; 
 If the score of risk is greater than 19 but less than or equal to 65, other prevention measures must be 

planned with a short-term (6 to 12 months) action plan to reduce the score to less than 19; 
 If the score of risk is greater than 65 but less than or equal to 200, preventive measures should be initiated 

immediately to reduce the score to a value less than 19; 
 If the score of risk is greater than 200, the work must be stopped immediately until preventive measures 

are implemented to reduce the score to a value below 19. 
To easily describe this unique part of the Production System Safety Approach, the flowchart below (Fig. 5) 
illustrates the critical risk assessment procedure on the MARCS plan: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

            

 Figure 5. Flowchart of critical risks assessment procedure on the MARCS plan. 
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• Improvement action plan: The working group under the responsibility of the engineer (production activity 
manager), identifies all the improvement actions necessary to reduce the risks level, then elaborates an action 
plan. The engineer must ensure that these actions are carried out and that the corresponding work instructions 
are elaborated or up to date if necessary; 

• Communication and Training: The engineer must ensure the communication with its collaborators concerned 
by the risk analysis, the action plan and the implemented measures, and that they are trained on the 
implemented prevention means; 

• Registration: All MARCS documents must be mastered according to the company's registration mastery 
procedure. 

 
3.2.3.5. Annexes of the Production System Safety Approach 
 
3.2.3.5.1. ANNEX I: Semi-exhaustive list of site hazards 
 

In view of the continuous change of the production activity environment, explained by the holistic character of the 
production activity according to its environment, the MARCS plan requires the semi-exhaustive list of all the hazards 
occurring at the industrial site that is the subject of the realization of the MARCS tool, in order to facilitate the 
identification of hazards with references and make them available to the working group and all the personnel 
implicated in the mastery of the safety component of their production system: 

 
Table 1. ANNEX I of the MARCS plan:  Semi-exhaustive list of site hazards. 

 
3.2.3.5.2. ANNEX II: Rating grid for the risk assessment in the MARCS plan 
 

This Annex of the MARCS plan, is a special rating grid for the risk assessment in the context of the Production 
System Safety Approach. This grid is constituted of three tables (Tab. 2, Tab.3 and Tab.4) dedicated to the 
determination of the criteria (LE, Sev and Po) of risk assessment and another table (Tab. 5) for the interpretation of 
risk score according to the OCP group risk analysis standard. 

According to the international phosphate leader - OCP Group (2013), the level of exposure (LE) can be defined as 
the combination of the duration and the frequency of exposure to a hazardous situation. This can be an exposure to a 
hazardous product or working with and manipulating a hazardous machine: 

 
Table 2. ANNEXE II of the MARCS plan – TLE, according to the OCP group risk analysis standard. 

 
 

ANNEXE II of the MARCS plan - TLE: Table of LE criteria 

 
Level of Exposure (LE) 

 

 
Average exposure duration per day of exposure 

More than 4 hours 1 to 4 hours Less than 1 hour 
Very rarely (<1 times/year) 1 0,5 0,5 
Rarely (once a year) 2 1 0,5 
A few times (once a month) 3 2 1 
From time to time (once a week) 6 3 2 
Frequently (once a day) 10 6 3 
Continuously (>2 times/day) 10 10 6 

 
ANNEX I of the MARCS plan:  Semi-exhaustive list of site hazards 

 
Hazard Families Reference Hazards 
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To calculate the score of risk, there is also the severity of the consequence accident, in fact, the severity of the 
damage likely to be generated during withing a production activity. The table below, presents the levels of severity 
expressed by factors to be included in the risk score calculation: 
 

Table 3. ANNEXE II of the MARCS plan - TSev: Table of Sev criteria, according to the OCP group risk analysis 
standard. 

 

 
After several scientists, industrial researchers and specialists in the safety of production systems, notably the Dr. 

David J. Smith in his work entitled “Reliability, Maintainability and Risk, Practical Methods for Engineers”, the OCP 
Group (2013) have given an exhaustive and special definition of the probability of damage occurrence (Po), by 
defining it as the probability indicating how likely it is that the effect, as defined in the damage severity table (Tab. 
3), could effectively occur. It is a subjective judgment, based on the degree of risk analysis: 

 
Table 4. ANNEXE II of the MARCS plan - TPo: Table of Po criteria, according to the OCP group risk analysis 
standard. 
 

ANNEXE II of the MARCS plan - TPo: Table of Po criteria 

Probability of occurrence Factor 
Virtually impossible 0,2 
Conceivable but improbable 0,5 
Improbable/ Limit Case 1 
Unusual 3 
Possible 6 
Highly probable 10 

 
After the risk score has been calculated, it is important to classify the risk scores in order to begin the work on the 

action plans as an executive step to the decision making regarding the acceptability of the risk scores obtained in the 
MARCS plan. The Tab. 5 presents the categories of risk scores according to their priorities in order to optimize the 
safety of the production system in question: 

 
Table 5. ANNEXE II of the MARCS plan - TCSR: Table of risk score categories and their priorities in action plans. 

 
ANNEXE II of the MARCS plan - TCSR: Table of risk score categories and their priorities in action plans 

 
 

Category 
 

Interval of SR 
 

Case 
 

Priority for 
actions to be taken 

I SR <= 19 Very limited risk (acceptable) 4 
II 19 < SR <= 65 Measures required in the short term (6 to 12 months) 3 
III 65 < SR <= 200 Measures required immediately 2 
IV 200 < SR Work stoppage until measures are implemented   1 

 
 

ANNEXE II of the MARCS plan - TSev: Table of Sev criteria 

Severity Factor 
Minor (Injury without work stoppage) 1 
Major (Injury with work stoppage) 4 
Severe (Irreversible effect, handicap) 7 
Critical (A death, at the time or afterwards) 25 
Catastrophic (more than one death, at the time or afterwards) 40 
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4. Conclusion 
 

This work is carried out with a view of our contribution to the development of approaches for improving the 
production system performance, and allowing companies from all industries around the world to be more robust and 
easily adapted to changes in their environment in terms of dependability in general, and safety in particular. This is 
thanks to a dynamic vision attached to a system approach in the area of production systems safety. 

The Production System Safety Approach, as a systemic approach applied to the safety attribute in the context of 
dependability of a production system, requires a common commitment and responsibility between the entire 
hierarchical line of operation or production and that of safety (or quality, depending to the structure) of the 
organization. By fusing the work instructions and the risk assessment in the same company item, we obtain the 
MARCS Plan, which unlike other safety tools, it allows a risk score reduction and a very considerable time saving 
through its special risk assessment procedures (Fig. 4 and Fig.5), as well as the staff involvement through the safety 
and the improvement of their know-how, and consequently an irreproachable optimization of the safety and the 
productivity of a production system in the industrial area. 

Our research perspective in the context of the approach we have established in this article (the Production System 
Safety Approach) is the realization of a case study of the Production System Safety Approach in the chemical industry. 
At this point we recall thanks to our experience in the chemical industry with the OCP Group and according to the 
Newspaper Le Site Info (2018), that this international phosphate leader obtained the gold medal of the International 
Fertilizer Association (IFA) on Wednesday, November 14, 2018, on the sidelines of the IFA Strategic Forum in 
Beijing, China, and it is for its commitment in HSE at the level of its industrial complexes: it can optimize its 
performance in terms of safety and productivity by applying the Production System Safety Approach. In this 
perspective, we can estimate the results of the application of our approach at the level of OCP Group's industrial sites: 

• The fusion of the work instructions and risk assessment in a single item (document) called the MARCS plan 
for the company, which reinforces the coordination between the safety hierarchical line and the other 
hierarchical lines at the level of the production divisions of OCP Group. This is the result of the application 
of the process approach with the aim of optimizing safety, which is (the process approach) only the system 
approach applied to the company. Indeed, the fusion is the result of our direct execution of the teleology 
postulate which was the basis of the systems theory which is one of the foundations of the system approach; 

• The transformation of a significant percentage of the total critical risks to preliminary risks, by reducing the 
threshold making the transition from preliminary to critical risk. In fact, risks with a score (SR) equal to 20 
must also be considered critical risks (currently they are considered acceptable at OCP Group sites!); 

• Acceleration of action plans and time savings of 6 to 12 months for the prevention or even elimination of a 
very considerable percentage of all critical risks. Indeed, thanks to our system approach applied to the safety 
of production systems, critical risks with a score (SR) between 66 and 70 are also to be included in a plan of 
measures to be taken immediately and no longer in 6 to 12 months (currently risks of 20<=SR<=70 require 
measures to be taken in the short term, i.e., to be taken in 6 to 12 months). 
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