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Chapter one
1.1 Introduction:
The Kingdom of Saudi Arabia is considered one of the first countries to export petrochemical products, as it relies on the production of crude oil and then refining it and converting it into oil derivatives and petrochemical products. It reflects significantly an upstream industry in which it aims to produce petrochemical products such as crude oil and gas from natural reservoir – and based greatly on raw fuel exports. Nevertheless, since the launch of the Saudi Vision 2030, the Saudi country seeks to produces more products in petrochemical field (Saudi Vision, 2030). In the KSA, the Saudi government stands all responsibilities related to promoting and developing standards and regulation of the industry and suggest punishment of those who are not adhering to these regulations. This means, the Saudi government presents the prosecution, judge and jury relating to all aspects of regulations and rules in the petrochemical industry in KSA. (Aljohani,2021).
For several years, industrial enterprises in the petrochemical field have experienced changes toward enhancing operational effectivity. To achieve this objective, it requires project development execution, that are beneficial to these firms, in addition the public economic and result in social advantages. Planning development projects is a complicated operation that demands multi-purpose analysis, that should supply adequate information permitting decision making whether or not to execute a specific project.
These decisions consider the most challenges between all economic decisions. The attainment of benefits in dependent of planning requires planning to the future unexpected conditions of firm processes, identified by exterior and interior factors (Bijańska & Wodarski, 2014). These factors are often in exchanged dependency, in particular difficult owing to the industries of petrochemical, that is distinguished by the production operation complexity and the variety of technical and technological techniques. Up to now, there are not known techniques enable to identify precisely of future conditions under which such petrochemical companies will maintain and operate. The risk correlated is with a probability of not receiving scheduled advantages or incurring unintended damages can be termed as a danger).
Hussain, (2024) mentioned the risks related to the maintenance and operating plants and petrochemical equipment as the following:
-Health and Safety Risks (Hussain,2024)
Petrochemical plants handle huge amounts of flammable materials comprise gases and fluids. These materials can significantly flame due to specific conditions, result in fires or explosions. The destructed effects of such accidents require decisive control procedures, comprising suitable storage, processing, and monitoring of combustible substances.
encounter the toxic chemicals via inhalation, ingestion, or skin contact constitute a huge danger to mankind health. executing decisive exposure controls and personal protective tools is mandatory to minimize these dangers.
-Mechanical and Structural dangers comprise the following issues: (Hussain,2024)
Petrochemical plants based on advanced machines and equipment. if these machines were not maintained in proper manner, this will result in   calamitous faults. Pressure vessels, for instance, may explode if they are exposed to factors exceed their design limits, emitting hazardous materials into the eco-system. continuous detection and monitoring, maintenance, and obligation to safety codes and measures are crucial to avoid these accidents.
The safety of conduits and pipelines regimes is critical to prevent seepage and leaks of dangerous substances. Failures may be due to   erosion, physical destruction, or design defects, resulting in ecological pollution and probable fire dangers. Efficient monitoring regimes, along with fast emergency plans, are necessary to manage these hazards.
-Environmental Risk (Hussain,2024)
The r from petrochemical plants releases gases and pollutants, comprising volatile organic compositions, so2, and nitrogen oxides, may greatly pollute quality of air. Moreover, effluents pumped into water bodies may pollute water resources, impacting   mankind health and watery life. Executing pollution control techniques and obligating to ecological legislations are crucial to minimize these effects.
-Mankind Factor and Operational dangers (Hussain,2024)
 mankind faults consider a great hazard factor in petrochemical equipment processes. Faults in making decision, non-adherence with measures, or shortage of training can result in dangerous actions.
Planting Health and safety culture, regular training, and decisive obligation to operational measures can reduce these risks.
The Possibility for illegal access or deliberately damage constitutes a security danger to petrochemical plants.
Such actions can lead to dangerous substances emissions or creating of catastrophic accidents. Security procedures, comprising controlling, access controls, and emergency response plans, are crucial for safeguarding versus these risks.
Risk should be managed in specific in planning project stage to attain the expected advantages while droppings and damages are accurately controlled. The goal of this study is to provision risk-management model in planning stage that can be applied in the planning of petrochemical development project.

1.2 Problem Statement 
[bookmark: _Hlk170907486]Petrochemical industry considers one of the most leading fields in which it contributes to KSA’s economic. The field also occupy a leading place compared to other countries of the Gulf Cooperation Council (GCC). GCC area provide approximately 16 % of the petrochemical outcomes in the world and the KSA alone generates almost % 60 percent of the GCC’s whole petrochemical production. KSA occupy 11th largest petrochemicals provider in the world (Akhtar, & Asif, 2017).
Despite the great progress of Saudi petrochemical industries companies in the field of petrochemical industry, these petrochemical factories incur significant financial losses due to insufficient planning for projects related to the maintenance of machinery and equipment, unforeseen emergency circumstances that arise, and sudden malfunctions during the operation of the equipment, which causes delays in projects, which results in an increase in costs and poor production quality. Therefore, risk management during the development of a maintenance and operation plan for the production of petrochemical products is necessary to avoid any financial losses and obtain the best financial performance for the company.
1.3 Study Significance
This study is considered of great importance in the field of petrochemical industry management, especially in petrochemical equipment operation and maintenance projects. The importance of this study is that it aims to integrate risk management techniques in the stage of preparing the equipment maintenance and operation plan, which provides a plan that contributes to providing the applied side with foundations and principles to avoid any risks resulting from Maintenance of petrochemical equipment. This study is also unique in the academic field that integrates risk management during the planning of maintenance projects for petrochemical equipment and mechanisms in addition it can be considered as a basis for more research and improvements in this field.
1.4 Study Objective
The general goal of the study is to identify the impact of risk management techniques on financial project performance of projects in petrochemical industries in the field of operation and equipment maintenance. This general objective can be derived to the following sub-goals:
1- To evaluate the current, operation and maintenance plan in petrochemical company in KSA and determine the challenge and limitations.
2- To integrate risk management techniques at project planning stage in petrochemical companies.
3- To study the impact of risk retention on financial project performance in KSA.
4- To detect how risk avoidance influence on financial   performance of the projects in KSA.
5- To investigate the impact of risk control on financial performance of projects in KSA.
6- To Assess the impact of risk transfer on the financial performance of projects in KSA.
1.5 Research Questions:
1- What are the risks that impacts on maintenance and operation equipment during planning stage in petrochemical industries?
2- To what extent does risk retention impact the project's financial performance in KSA?
3- What is the impact of risk prevention on performance the project's financial performance in KSA?
4- How does risk control impact the project's financial performance in KSA?
5- What is the impact of risk transfer practice on the project's financial performance in KSA?

1.6 Study Hypothesis
1- There are challenges and defects in petrochemical equipment maintenance plans that cause poor financial performance of the maintenance Equipment Projects
2- There is a need to integrate risk management techniques during the planning stage of equipment maintenance and operation
3- There is no statistically significant effect at a significance level of less than 0.05 for the risk retention technique on the project’s financial performance.
4- There is no statistically significant effect at a significance level of less than 0.05 for risk prevention technology on the financial performance of the project.
5- There is no statistically significant effect at a significance level of less than 0.05 for the risk control technique on the financial performance of the project.
6- There is no statistically significant impact at a significance level of less than 0.05 for the risk transfer technique on the project’s financial performance.
1.7 Study Scope
The boundaries of the study represent human, spatial and temporal boundaries
1- Spatial boundaries: The study will be limited to Sankyu Company for the maintenance and operation of petrochemical equipment
2- Time limits: The study will be conducted in the second semester of 2024
3- Human limitations: The study sample is limited to Sankyu employees in the field of manufacturing and maintenance
1.8 Dependent and Independent variables
Independent variables: retention risks, transfer risks, control risks and prevention risks 
Dependent variables: project cost and petrochemical product quality




Figure 1.1 Dependent and in dependent variables

Chapter Two
Literature Review

2.1   Theoretical Framework 

The theoretical framework of the study is based on mentioning all definitions and terms related to the study, including risk management, risk management, risk management techniques, and financial performance terms.
The study also includes a comprehensive literary review of all modern local, Arab and foreign studies that deal with risks related to petrochemical industry companies in the field of maintenance and operation of petrochemical equipment and mechanisms. The theoretical framework also includes a review of all risk management techniques related to the operation and maintenance of petrochemical plants and the most important theories adopted to study risk management. This framework also includes Theoretical covers the financial performance of companies and all financial aspects.
- In the fields of international engineering projects from a danger management view, Liu et al., (2017) presented a developed quantitative danger evaluation prototype to assist hazard directors to determine the immediate relationships among certain danger opportunities and decision variables of investment. Stress testing is also provided to evaluate the diverse influence of severe hazards. The novel model was used to an continues international petrochemical project to prove its application and verify its applicability and efficiency.
Kim   et al., (2017) aimed to provide an analytical model that correlate the danger and cost of overseas plant construction projects and to improve a model tool for the risk and cost analysis in dependent on the prototype. Furthermore, a case study is executed utilizing this model to analyse its danger and cost. The major benefit of this research is as the following: 1) A model tool has been improved for an analysis that correlated the danger and cost 2) hazard factors have been studied for a case analysis element and their influence has been numerically assessed.
[bookmark: _Hlk171590920]Murtaja & Al Wattar, (2016) carried out a study depends basically on extensive literature review executed from prior studies executed on Enterprise Risk Management. furthermore, a case-study was selected on the data supplied by a selected firm in the petrochemical companies in Qatar. The study found that risk management is a novel side to address and study within a firm, where most of the firms, where directors should analyze and predict each stage to manage and avoid failure probabilities.
Mollaalizadeh et al., (2021) directed   a study concentrated on the seven crucial factors that presents principal impacts on the financial performance of the Persian Gulf Petrochemical firms. 
surveying study based on 12 Experts and engineers of firms in Persian Gulf Petrochemical firm   using sampling technique, in which 180 questionnaires have been applied. The confirmatory factor analysis (CFA) accepted the divergent validity of all favourable factors and comply to the survey. The nonparametric analysis illustrated the study’s central assumption relating the efficiency of all under verification factors to comply the study objectives. By the Friedman ranking test, the interior operations and exterior environment of the firm provided the highest and the lowest rank of influence on the financial performance of the petrochemical firms.


2.2.   Theoretical principles of the study
2.2.1 Enterprise Risk Management Theory
Nocco and Stulz (2006) defined Enterprise Risk Management (ERM) that is a theory of risk management motivators in order to suggest recommendations to measure and size of risk that can be noted encounter a given entity whole than the administer of each danger separately. It seeks basically is to integrate the hazard management silos in a company plan into one thorough framework. The ERM risk management guidance of administering danger confirms that senior firm executives and staff should actively be participate in hazard management process to analyze and respond to a comprehensive area of firm risks (Hallowell, Molenaar, &Fortunato, 2013). This principle motivates all the organization's members to be participated in the administer of dangers. Also, the ERM shed light on the significance of clear operation and regulations for administering dangers. Olson and Wu (2010) stated that the theory additionally confirms that if ten enterprises can adopt formal regulations that identify dangers appetite, strategic objectives, and structured operations then they can enhance their risk management ability of defining, analyzing, and handling of dangers. Moreover, the theory affirms on a developing of hazard management culture where all stakeholders are enabling and accountable to administer dangers. Cormican (2015) proposed that ERM practices involve increased competitive benefit, stakeholder confidence and sustainability of companies.
2.2.2 Risk Management Principle
[bookmark: _Hlk171594929]Risk management (RM) is a principle that have become very common in several enterprises. Numerous firms often execute risk management in their projects to enhance financial performance and enhance profits in addition to enhance productivity (Ahmadi et al., 2017). Dangers and uncertainties consider of the most broadly utilized concepts in the literature of project management (Hopkinson, 2017; Qureshi et al., 2020)). Even though these definitions are significantly correlated, several writers characterize them (Lachapelle & Hundozi, 2018). It is also hard for labor at danger to determine and distinguish them. Risk management received great attention, as it considered as a technique to enhance cost, schedule, and technical performance of novel product improvement plans (Aven, 2016). Uncertainty is one of the most significant danger factors in projects that are as a random action of an action where the possibility is actually unknown, that means that the uncertainty is owing to the occurrence of a little-known event, except that it may occur. (Bazin, 2017). Nevertheless, it should be affirmed that risk management is not only an instrument that guarantee success but rather an instrument that assists to enhance the possibility of attaining success (Ahmadi et al., 2017).
2.3   Risk Management Techniques
2.3.1 Risk Identification
[bookmark: _Hlk171595333][bookmark: _Hlk171595351][bookmark: _Hlk171595370]Risk identification is important as it impacts the sequences steps of the organization's work (Petrovic 2017). Similarly, strategies should be improved that can define dangers to expect the probabilities of their occurrence, similarly to several strategies suitable for handling with hazards as soon as explored (Potts and Ankrah 2008). Mhetre et al. (2016) thinks that it can display the hazards that a firm was priorly subjected to, ranked by its demands, from the most serious to the least serious, that assists the firm’s personnel with knowing these hazards and simplifying their identification.
Potts and Ankrah (2008) emphasized that this operation is the most important in risk management and has measures and methods for collecting information and executing an exact database to gain the best outcomes. Numerous approaches for defining dangers comprise brainstorming, holding workshops, analyzing scenarios, analyzing historical data, analyzing action plans (Klemetti 2006), and interviewing experts, that is the most useful method (Steyn 2018).
2.3.2 Risk Assessment
[bookmark: _Hlk171595066]Saeidi et al. (2019) identified risk evaluation as “allowing a company to take into account the influence and probability of events and analyze danger utilizing quantitative and qualitative methods. It investigates the positive and adverse impacts of possible events all over the company. So, the second phase is the major strategy to investigate for analyzing and assessing dangers. Consequently, this operation aims to rank hazards (Rovins et al. 2015). Risk assessment is a high risk, and it should demand the management to run efficient tools to address efficiently these hazards. In addition, low risk should not be neglected, while, the quantity of control should be lower than for high dangers (Serpell et al. 2015).”
[bookmark: _Hlk171595089]A—Qualitative method: It based on the utilization of interviews, brainstorming, the Delphi method, and checklists, the probability and impact of hazards can be used adversely or positively to a firm’s objective and expected results (Banaitiene and Banaitis 2012). One of the qualitative methods for evaluation is a “risk matrix”, as illustrated in Figure 1, that can be based on to make a decision the “possibility of danger” (Serraino 2014), in which the hazards are categorized into three levels: high danger, medium danger, and low danger (Petrovic 2017)
[image: ]
Figure 2.1 Risk Matrix
[bookmark: _Hlk171595119]Quantitative method is considered more unbiased than qualitative techniques. The quantitative method based on data to determine the level of impact of each danger (low, medium, or high) and the possibility of its occurrence, which is why it is an important operation to decide the level of impact of a hazard on the firm (Serpell et al. 2015).
2.3.3 Risk Response 
[bookmark: _Hlk171595241]It is the operation of defining the essential measures to reduce the negative effects of dangers on the performance of firms and avail the chances that improve their success. Alhassan (2016) pointed that it determines dangers via the optimal utilize of resources and activities in the cost. several techniques can be run to mitigate the possibility of risk severity and the impact of dangers.
[bookmark: _Hlk171595197]According to Petrovic (2017), there are 4 techniques to respond risk: (1) avoiding dangers by efficiently handling with the cause, (2) mitigating the risks by reducing the cost of risk via   using of emerging technology, (3) accepting the dangers, and (4) handling with dangers efficiently by planning an emergency case. 
Figure 2 assists to make decision for the response to the possibility and impact of the risk based on two factors, the possibility of the danger and the danger effect, and the actions could be as follows: 
-Avoid the risk; -Mitigate the risk.
-Transfer the risk; -Accept the risk. 
[image: ]
Figure 2. 2 selecting risk reactions from kinds of risk control procedures

2.3.4 Risk Monitoring
[bookmark: _Hlk171595268]   PMI (2017) stated that risk monitoring and control is the “operation of tracking defined dangers, defining and analyzing novel dangers, monitoring the execution of risk reaction plans, and evaluating the efficient of risk management operations during a project life cycle”.

2.4   Previous Studies:
Numerous studies in the field of study the impact of risk management on project performance have been executed:
[bookmark: _Hlk171595498]-Winarto & Chariri, (2022) carried out research to analyze the impact of company risk management on financial performance of the company. Those factors comprise danger committee, risk map, COSO and ISO guide.
This research is conducted using quantitative method. the study based on secondary data to gather via annual report, Bloomberg Finance Laboratories and IDX website utilizing purposive sampling method. The sample population targeted in this study industrial firms which were 74 firm. The gained data then were detected by utilizing regression analysis. The outcomes of the research point the results show that ISO framework positively impact the company financial performance
[bookmark: _Hlk170932062]- (Alsaadi & Norhayatizakuan,2021) aimed to execute risk management in construction sector to guarantee to deliver the construction with high quality on time and within specific cost. and the study showed that integrating risk management enhance the construction project performance greatly and the study recommended to employ project managers who has adequate experience in risk management and its major schedules.
- Butt et al., (2021) conducted study to prove that structured risk management technique via planning phase of the project is the optimal method. The study adopted quantitative technique The study has successfully attained its goal to define the influence of risk definition  
the study showed that there is robust positive correlation between risk identification and performance of the project.
-Bijańska, J., & Wodarski, K. (2014) executed a study to provide risk management model it used during the development project planning of industrial companies. The model comprises techniques of risk definition, measurement and assessment of danger. The model was generated based on    several years of study of the challenges of planning and assessment of the efficiency and hazards of the development projects execution in industrial firms.
[bookmark: _Hlk171587066]- Ebrahimia et al.,(2012) carried out research to initiate a public framework to analyze risk management regulations of a company in petrochemical industries. It was noted that in the case that exterior resources or financial sources are higher costly to the projects comparing to interior financial how project decision makers should be ensured to have benefit of attractive interior investment probabilities.  The significant note is not only to prevent dangers, but to identify the hazards computed by defining and administering them efficiency. Using efficient risk management framework, has assisted the making decisions in this project to utilize interior financing and consequently make them to change their supply chain management plan in a more efficient manner. It has been revealed that how the efficient risk management framework assisted them to change their suppliers to minimize their budget.
Savchina et al., (2021)   aimed of this study is to analyse the financial condition, evaluate the prospects for development and enhance the activity of one of the highest systemically significant companies of the petrochemical manufacture in Russia - PJSC “SIBUR Holding”. To execute the study, the authors have gathered financial information from the reports of financial outcomes and the budget sheets of the firm. They have chosen the key performance indices and solvency indices in specific, liquidity, profitability, solvency.    the factors related to financial dangers were the impacting the probabilities for business expansion. Econometric modelling techniques were applied to identify the firm's development possibilities that are based on the interior regulation of cash flow management. study findings propose that the continuous cash flow, namely, the constitution of a regulation to manage accounts payable in the crisis, has a great influence on the further of the firm development.
Regarding the study of potential risks that industrial companies may face, all potential risks were reviewed through the latest previous studies in this regard. These risks were divided into several categories, namely: operational risks (Table 2.1), human risks (Table 2.2), maintenance risks (Table 2.3), and environmental risks (Table 2.4)  
Table 2.1 presents overview of the operational risks in petrochemical companies that researcher and academics have been addressed in their studied.
Table 2.1 overview of the operational risks in petrochemical companies 
	Authors
	Operational Risk
	Symbol

	(Bahadori et al.,2014), (Ancione et al.,2020), (Vinnem & Røed,2015), (Bahadori,2020), (Groysman,2017), (Loganathan et al.,2018), (ABESI, 2017), (Μοσχογιάννη, 2023), (Jarvis, R., & Goddard,2017), (Boulamanti & Moya, 2017), (Ruqaishi, M., & Bashir, 2015), (Moktadir et aal.,2018), (Ahmad et al.,2016)
	Chemical concentration inside vessel due to cleaning result in O2 deficiency
	O1

	
	Crane Lifting faults that cause deterioration in Production lines and pipes.
	O2

	
	Crane Lifting faults that cause Falling lifted object.
	O3

	
	Oil escape from equipment during service.
	O4

	
	Production, storage and disposal of general waste result in pollution and fire
	O5

	
	Corrosion in natural gas systems
	O6

	
	Gasket damage/worn out result in Leakage of service fluid
	O7

	
	failure of valve lead to fluid leakage, Increased gland packing wear and tear, Service fluid loss and fire hazard, Inconsistent process output
	O8

	
	tube failure led to Intermixing of service fluid, Low flow, Loss of heat transfer
	O9

	
	Lack of equipment
	O10

	
	Equipment operating errors
	O11

	
	energy waste
	O12

	
	Delays of material supply
	O13

	
	Lack of proper suppliers
	O14

	
	Lack of supply chain management
	O15



 Table 2.2 presents overview of the Human risks in petrochemical companies that researcher and academics have been addressed in their studied.
Table 2.2 overview of the Human risks in petrochemical companies
	Authors
	Human Risk
	Symbol

	(Zahiri et al.,2020), (Kangavari et al.,2015), (Morag et al.,2018), (Sweis et al.,2019), (Raut et al.,2017)
	Lack of skilled maintenance staff
	H1

	
	Lack of skilled labor to operate plant, equipment and machines
	H2

	
	Lack of supplying information
	H3

	
	Lack of regular checks for machines and plants
	H4

	
	Lack of communication result in shortage in inaccurate maintenance
	H5

	
	Delay to make decision for maintenance processes
	H6

	
	Poor knowledge of the original design of the equipment by the maintenance team
	H7

	
	Lack of managerial processes
	H8

	
	Lack of knowledge of operating machines and plants
	H9

	
	Insufficient training
	H10



Table 2.3 presents overview of maintenance risks in petrochemical companies that researcher and academics have been addressed in their studied.
Table 2.3 overview of the maintenance risks in petrochemical companies
	[bookmark: _Hlk170938662]Authors
	maintenance Risk
	Symbol

	(Bouafia et al.,2020), (Jafarinejad & Jiang,2019), (El-Borhamy et al.,2022), (Qi et al.,2024), (Narayanan et al.,2023), (Ekefre et al.,2024), (Jung et al.,2020), (Khahro et al.,2023), (Saloua et al.,2019), (Chen et al.,2019), (Duma et al.,2021), (Yolchuyeva rtal.,2020),
	Release Chemicals hazardous material into atmosphere as a result of Pipe lines Modification
	M1

	
	Filter Cleaning & Replacement result in Product spillage
	M2

	
	Filter Cleaning & Replacement lead to Chemical powder inhalation.
	M3

	
	Pump Strainer Cleaning result in Product splash
	M4

	
	Reactor Cleaning & Inspection can lead to Fire & Explosion
	M5

	
	Reactor Cleaning & Inspection can lead to lead to Emission of Fumes and Smoke.
	M6

	
	Scaffolding collapse
	M7

	
	Reactor Cleaning & Inspection can lead to lead to release   hazardous material into atmosphere
	M8

	
	Flying of welding Flash.
	M9

	
	Valve Replacement led to Release Chemicals into atmosphere.
	M10

	
	Electrocution
	M11

	
	Fire & Explosion.
	M12

	
	Exposing Ultraviolet or IR.
	M13



Table 2.4 presents overview of environmental risks in petrochemical companies that researcher and academics have been addressed in their studied.
Table 2.4 overview of the environmental risks in petrochemical companies
	Authors
	Compliance Risk
	Symbol

	(Rostami& Rahimpour,2023), (Rahmatmand et al.,2023), (Motahari et al.,2015), (Ragothaman & Anderson, 2017), (Hassani et al.,2017), (Ciucci et al.,2023)
	Rain
	E1

	
	High temperature
	E2

	
	storm
	E3

	
	Wind speed
	E4

	
	Earthquakes
	E5

	
	Fire
	E6



Regarding the study of risk management strategies that industrial companies to mitigate risks, all risk mitigation strategies were reviewed via the latest previous studies in this regard. These risks were divided into several categories, namely: risk retention (Table 2.5), risk control (Table 2.6), risk prevention (Table 2.7), and risk transfer (Table 2.8)  
Table 2.5 presents overview of the risk retention in petrochemical companies that researcher and academics have been addressed in their studied.
Table 2.5 overview of the risk retention in petrochemical companies
	Authors
	Risk Retention
	Symbol

	(Al Attar et al.,2015), (Li et al.,2019), (Hassani et sl.,2017), (Li,2016), (George et al.,2016), (Akbarpour et al.,2020), (Negara et al.,2021), (El-Sherif et al.,2016), (Kangavari et al.,2016), (Huang rt al.,2016), (Kozhemyatov & Bulauka,2019)


	Waste shall be stored securely
	RR1

	
	Minimize the consumption of natural resources
	RR2

	
	Operation and maintenance as per manufacturer’s instructions
	RR3

	
	Introducing new technology
	RR4

	
	Training and awareness Programs.
	RR5

	
	Ensure following company rules
	RR6

	
	Regular intervals workshop and program shall be organized
	RR7

	
	Proper grounding.
	RR8

	
	Management consider and calculate risk management during the initial project planning
	RR9

	
	Equipment High Temperature Detection and using Cooling System
	RR10

	
	Control Fatigue Gas Detection, Oil Detection, Overpressure Detection
	RR11


 
Table 2.6 presents overview of risk control in petrochemical companies that researcher and academics have been addressed in their studied.
Table 2.6 overview of the risk control in petrochemical companies
	Authors
	Risk control
	Symbol

	(Shu et al.,2017), (Bahadori, 2020), (Clancy et al.,2018), (DeRosa & Allen,2015), (Hosseinnia et al.,2021), (Van et al.,2017), (Al-Shatti et al.,2021), (Gholami et al.,2015), (Groysman, 2017), (Dong & Chen, 2016), (Jaderi et al.,2019)
	Regular monitoring & checking for the leakage.
	RC1

	
	Regular monitoring & checking that waste is disposed as per the requirements.
	RC2

	
	Any spilled must be cleaned as soon as possible using an appropriate procedure/instruction.
	RC3

	
	Commercial regular follow up with suppliers.
	RC4

	
	Proper communication channel
	RC5

	
	implement follow-up system
	RC6

	
	Conduct regular checks, inspect sites with QHSE Patrols and regular audit.
	RC7

	
	Management to be updated as and when required and continuous communication
	RC8

	
	Quality checking of service fluids at laboratory
	RC9

	
	Management & employees are involved in periodic review and risk management planning exercise to monitor, identify and manage risks
	RC10

	
	The management use specific risk management tools to control and manage risk
	RC11

	
	Control Corrosion via Shock and Vibration absorber
	RC12

	
	Limit hydrocarbon leak Dike
	RC13

	
	Toxic Air Control
	RC14



Table 2.7 presents overview of risk prevention in petrochemical companies that researcher and academics have been addressed in their studied.
Table 2.7 overview of the risk prevention in petrochemical companies
	Authors
	Risk prevention
	Symbol

	(Hosseinnia et al.,2021), (Van et al.,2017), (Chineke et al.,2016), (Groysman, 2017), (Kangavari et al.,2016), (AW & oMAr Mk, 2015), (Balkhyour et al.,2019), (Andreeva et al.,2018)
	Safe handling techniques shall be employed
	RP1

	
	Personal Protective Equipment Insurance
	RP2

	
	Frequent review of client needs and strategy
	RP3

	
	Ensure Scaffold or Platform are safe.
	RP4

	
	Use Electrical Rated Gloves.
	RP5

	
	Trained in Work at Height
	RP6

	
	Cartridge Respirator must be use.
	RP7

	
	Standby firefighting equipment.
	RP8

	
	Prevent Temperature Rise High by Temperature Detection and Process Shutdown
	RP9

	
	Prevent Internal Overpressure via Overpressure Detection, Process Shutdown, Clogging Detection
	RP10

	
	Prevent Presence of Oxygen Detection via Oxygen Remover, Process Shutdown
	RP11

	
	Prevent Vibrating Resonance Effect via Shock and Vibration absorber
	RP12

	
	Prevent Ignition Source Isolation, Emergency Shutdown Initiation, Electrical Isolation
	RP13



Table 2.8 presents overview of risk prevention in petrochemical companies that researcher and academics have been addressed in their studied.
Table 2.8 overview of the risk transfer in petrochemical companies
	Author
	Risk Transfer
	Symbol

	(Tong et al.,2020), (Yin et al.,2021), (Chin et al.,2020), (Qin et al.,2020), (Zhang et al.,2015), (Wanasinghe et al.,2020), (Wu et al.,2018), (Filatova et al.,2021), (Wirjo & Pasadilla, 2016).
	
	

	
	Suppliers’ performance evaluation
	RT1

	
	Mechanize processes and build improvements
	RT2

	
	Skilled & certify people allow to work only
	RT3

	
	Detect Crack Propagation Inspection and Maintenance
	RT4

	
	Equipment Insurance
	RT5

	
	Machinery Breakdown Insurance
	RT6

	
	periodic maintenance contracts with specialized companies
	RT7

	
	Purchasing Extended warranties from equipment manufacturers
	RT8

	
	Partnerships with specialized maintenance companies
	RT9

	
	Using smart monitoring systems to continuously track equipment performance
	RT10

	
	Using asset management systems to track equipment status
	RT11

	
	hiring leases instead of outright purchase of equipment
	RT12

	
	Develop comprehensive contingency plans to address any major breakdowns
	RT13
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