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Introduction 


In industrial plants, there are various control settings that result in either consumption of a high amount of energy among other vital utilities, malfunctioning of various systems, or even accidents. It is important for an operation engineer to minimize the amount of energy required in various operations and prevent possible dangers by altering several control settings. Precisely, in a case study involving Flixborough (UK), an explosion destroyed the systems because of inadequate control systems (Lees, pg. 120). Operation shutdowns have significant influences toward an organization. The term ‘shutdown’ from a literal point of view has an extended list of negative connotations that include a decline in revenue, the rise in cost, and susceptibility to hazards (Schwartz, 2016). Majority of safety shutdowns are complex and incorporate substantial risks because of the inherent unpredictability of the outcomes (UOP, 2014). Therefore, unlike typical operational maintenance controls, safety shutdowns adhere to an effective Safety Instrumented Functional Shutdown. The Safety Instrumented Functional Shutdown has become a strategic approach that facilitates operational engineers to improve machinery performance, integrate modifications, in addition, to minimize wastage, risks factors, or energy consumptions. The multifaceted objectives associated with Safety Instrumented Functional Shutdown demonstrate the primary goal of a triple shutdown procedure in a process industry model
Importance of Operation Plant

From the Chernobyl disaster, it is apparent the significance of efficiency in engineering plant operation to safeguard lives, resources, and environment. Kletz & Amyotte outline the emergent of increased process intensification has become interestingly intertwined with the contemporary chemical engineering plant operation (2010). The process intensification has significant benefits in the general engineering fraternity that include improvement in the scale, cleanliness, efficiency, and safety resilience. The level of physical changes and molecular structural modification, which reduced the size requirement of an operating plant demonstrate the principle objective of the plant intensification process in the engineering sector. 

Similarly, the importance of operation plant also enhances the use of interdisciplinary approaches to influence the inherent safety, efficiency, and cleanliness of an engineering plant. The economic benefits of process intensification in the chemical engineering plant motivate the designers to focus on micro-devises, which are effective and sustainable (Kletz & Amyotte, 2010). The demand for economical utilization of the scarce resources influences the transformation of the plant sizes to micro-capabilities that involves minimal resources and yield substantial outcomes. An adequate exemplar of increased process intensification in the operation plant is a micro-reactor device that transforms the typical heat exchanges because of efficiency in minimal energy consumption and superior performance. 

An engineer strives to provide proactive solutions to critical challenges that engulf the society. The design of safe engineering operation plant has transformed significantly with attention geared toward providing add-on layers in the plant structures to facilitate detection of hazard (Hendershot, 2016). An elaborate engineering operation plant integrates risk management system with distinctive add-on necessary to detect, collate, and analyze the trend of hazardous events. Therefore, the new operation plant merits because the add-on layer provides an intelligent system to improve the safety measures. 

Further, the implementation of add-on protection layer reveals the commitment by the chemical engineers to avoid hazard as a remedy to the Flixborough explosion in 1974. The new operation plant that incorporates intensification process and add-on layer of protection could have prevented the detrimental vapor cloud explosion (Kletz & Amyotte, 2010). In reference to the Flixborough explosion, the advancement in the operation plants facilitates detection of the cyclohexane oxidation and initiates an emergency shutdown. Alternatively, the add-on protection layer can prevent further escape of the vaporized gas by initiating a solidification process and prevent successful escape. 


Environmental protection is an extra-discipline in a chemical engineering that has significantly benefited from the emergent of safer operation plants. Air pollution has become a critical concern for the engineers and industrialists because of the extensive pressure from the environmental lobbyists toward adoption of process intensification within the systems (Kletz & Amyotte, 2010). The operation plants that minimize wastage and emission using intensification and add-on layers of protection exemplify a broad importance of chemical engineering plants. For example, an industry involving the use of sulphuric acid in its processing activity is required to disclose the dangers associated with the chemical, provide protective garments to workers, provide precautions and stipulate the first aid procedures in case of an emergency. This ensures not only the safety of the people working in the plant but also those living nearby.

Factors in the Startup of the Plant Operation 


An effective startup to the plant operation involves three critical factors that relate to installation, validation, and commissioning. A Carver-Greenfield Plant is a model of a complex chemical processing that incorporates installation, validation, and commissioning factors to influence the startup, operation, as well as maintenance processes (Gonzalez et.al, 1989). The process installation adheres to the initial startup plans developed in a consultative meeting with interdisciplinary teams (Bradley, 2013). The specific procedures that outline the installation, personnel requirement, time duration, and scope of the work can be determined during the post-installation process. 

In the case of the Carver-greenfield Process for drying the municipal sludge entailed complex factors because of the level of sophistication and the continuous-processing capabilities. Gonzalez et al reveal that a multiple discipline team of engineers was tasked to subject the startup plan into a rigorous examination and troubleshooting evaluation (1989). Other engineering-based examinations regarding the machinery, chemicals, technologies, and materials were individually subjected to a performance as well as strain-tests to determine their suitability (Ibid). Therefore, it is a general practice to undertake a performance test on the startup materials. 

Second important factor relates to a pressuring-up factor that merits because it facilitates data collection and retention. The complex startup-operation increases the routing plan for the pipes involved (Hendershot, 2016). Further, public service projects have long-term goals to ensure protracted service-delivery as evident in the drying sludge plant for the Carver-greenfield (Ziyuan, Sujing, Qiang, & Thomas, 2016). Effective pressuring up of the lines involved in the layout the route facilitates the retention of the desirable materials that can withstand strains and provide services for a protracted duration. The effective pressuring process also merits because it enables the pipes to withstand high boiling point of the vaporized liquids and other chemical properties. 

Importantly, modern engineering plants adopt mechanization processes to facilitate efficiency in the processes. Computerization can be an effective factor that facilitates systematic data collection (Ziyuan, Sujing, Qiang, & Thomas, 2016). The data collated enable the system to analyze, which is necessary to facilitate tracking and detection of the unforeseen problem after the startup. The mechanization process also is relevant during the startup because of the future modifications and decommissioning processes depend on the reliable data collection and subsequent system analysis. 

Lastly, an Anti-Surge Assessment activity is vital toward minimizing emergency shutdown after the commissioning of the startup process. A surge process is a validation test that provides an alternative and effective approach to the reverse- engineering method (Gonzalez et al, 1989). The traditional validation processes dependent on a reverse engineering process to undertake the validation processes. However, a surge analysis that focuses on the current pipe and the layout plan is critical toward ensuring continuous process in addition to facilitate an add-on player of protection to an engineering plant. 

From an implementation point of view, successful plant startup involves the lead engineer initiating an Anti-Surge Assessment. An Anti-Surge Assessment Worksheet involves a summarized the critical components associated with the pressuring up process and multiple performance tests (Gonzalez et al, 1989). Therefore, effective modifications of the critical startup factors have a significant influence on the control systems. Besides, an Anti- Surge Assessment is applicable to site activities that include the gas parameter, which requires the lead engineer to provide reliable anti-surging controlling tuners. 


Another critical startup operation that requires an anti-surge validation test relates to the process gas. The anti-surge validation test that focuses on the Process Gas aims to facilitate reliability of the startup because it establishes critical criteria to determine the harmonic and sub-harmonic contributions of the radial vibration (Kletz & Amyotte, 2010). Therefore, the outcome of the Anti- Surge Validation Test tabulated using an appropriate worksheet serve the control and operational purposes. First, an Anti- Surge Validation Assessment ensures continued operation in a public municipal engineering project because it aligns the Process Gas flow with the theoretical surge curves. Second, an Anti- Surge Validation Test controls the startup process because of its document and outline potential sources of surge phenomenon likely to affect the implementation processes. The establishment of the harmonic and sub-harmonic criteria significantly influences elimination of surge occurrence during and after the operation plant commissioning. 
Types of Shutdown

A plant shutdown is a temporary halt in production processes and performance, which has dire consequences include lack of revenue generation. The ideal objective of a planned plant shutdown is to enhance preventive preparedness by focusing on an inspection capability (UOP, 2014). Planned shutdown facilitates a plant engineer to replace the worn-out machines, ineffective parts, and increase performance. Therefore, undertaking a planned shutdown involves a tradeoff process that related to loss of revenue because of perceived idle machinery in the short-term and reduction in plant downtime. 

The scope definition is the basic pillar of a plant shutdown process because it facilitates brainstorming of the most-suited strategy for the plant to undertake and formulation of appropriate criteria to determine the success of a shutdown intervention. The front-end planning is more detailed than the scoping stage because it involves the formulation of plan, estimation, and requirements (Bradley, 2013). The detailed planning results in a formation of a planned schedule. The scheduling process is critical because it influences the shutdown duration. An extended scheduling process incurs additional shutdown window, which can result in a delay in the implementation process. The functional shutdown involves a rigorous inspection process to influence the development of a corrective course of action (Ibid). Establishing effective measurement is vital because deviations from the planned scope, budgets, and schedules have an adverse effect on the quality of outcome. The resume of duty is a post-shutdown process that depicts the effectiveness of the turnaround strategy adopted. The profound transient strategies that determine the type of shutdown process include an emergency procedure.

Emergency Shutdown


An emergency shutdown is prominent in engineering plant because of unforeseen conditions that induce impromptu shutdown. An Emergency Shutdown Value-selection is a critical model of transient strategy because it focuses on the concept of functional safety in an engineering process. The International Electrotechnical Commission is a regulatory body that proposes standards to perform safety functions in an engineering related discipline (Bradley, 2013). Therefore, an important clause the affects the safety function is the IEC61511:2004 Functional Safety, which outlines a Safety Instrumented Shutdown in process industry sector. An Emergency Shutdown Value Selection is a Safety Instrumented Shutdown that focuses on process anomalies. Notable activities in an Emergency Shutdown Value-selection include Work Shutdown Identification, Shutdown Work Planning, Work Scheduling, Execution, and Maintenance Data Recording.
 Figure 1: Emergency Shutdown Valve-selection Process
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(Source, Li, Kawajiri, Rawaisah, & Seidek-Morgan, 2011)


1. Shutdown Work Identification 

The first phase determines the actual scope of work involved in a valve-selection. The key aspects involved in Work Identification relate to the rate of value failures, cause, and cost implications. 

2. Work Planning

The three criteria involved in an Emergency Shutdown Value-selection in a steam engine require decisive allocation of tasks regarding specific time, resource requirement, availability, and procedures involved. The machine “C-Stream” has been identified for an emergency overhaul because of frequent valve-failure. The key components include the Conveyor1, Conveyor2, Crusher, and Conveyor3

3. Work Scheduling 


The focus is on the allocation of specific jobs to the respective timeframe to facilitate assessment on task requirement, availability of resources, and data collation. The task distribution relates to the following
Works component: 4 (C1, C2, C3, C4)
Activities: 11

Working shifts available: 8

Shift allowance: 1

Labor groups: 2

3. Resource Planning 


An organization resource refers to the endowments that facilitate employees to complete various tasks. Therefore, a PERT and CPM tools are vital tools that enable adequate resource allocation.
Table 1 represents resource allocation for the shutdown
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Another scheduling activity involves combining activities in the ‘same shift’ and demote with new identifiers. Therefore, identifier A7 denotes activities (A2, A5, A7); A4 represents activities (A1, A4); A11 demonstrate (A10, A11); A6 identifies (A9, A6); independent identifiers are A3 and A8       
The combination facilitates distribution of work shift as evident in table 2
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A Critical Path Method facilitates distribution of the six-activities within the available work shifts with the nearest shift. 

Figure 2: CPM Tool
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5. Shutdown Maintenance and Budget Control


A bottom-up approach can help to allocate budgets of the identified maintenance activities. A cost-benefit approach and variance analysis bolster the control activities

Importance of Shutdowns

Effective shutdown strategies have positive effects on the implementation of the engineering projects. A successful chromatographic process involving a Simulated Moving-Bed demonstrates the merit of optimizing the shutdown strategies when applied in pharmaceutical engineering (Li, Kawajiri, Rawaisah, & Seidek-Morgansteing, 2011). The efficiency in another engineering field also inspires the chemical engineering fraternity to optimize the startup and shutdown strategies for optimum efficiency in the project. Precisely, the industrial application of Simulated Moving Bed Chromatography that is characterized by potential emergency processes, the optimization of the transient strategies involved in optimizing the shutdown and startup process has been useful. A reliable shutdown strategy enhances the prompt return of services during the emergency shutdown in a commercial chromatographic process involving a Simulated Moving Bed process. 

Similarly, optimization of the transient procedures is vital in small-scale chemical engineering procedure that includes an academic application. Chemical engineering processes involving repetitive and intermitted processes in small batches are effective strategies to enhance optimization (Li, Kawajiri, Rawaisah, & Seidek-Morgan, 2011). The small batch production process results in numerous shutdowns that influence the realization of product changeover (Ibid). The startup and shutdown processes in a small-scale production of Simulated Moving Bed Chromatography influence the production time, which demonstrate the significance of optimizing the transient periods in an engineering project. Besides, several literature studies have sought to elucidate on the shutdown problems and derivatives in a conventional Simulated Moving Bed Chromatography. 

Moreover, the shutdown process has a significant influence on the effectiveness of the startup operation when applied in a reverse engineering process. An assessment to determine the influence of the shutdown operation to the preload column in a feed engineering project depicts a substantial reduction in the startup process (Li, Kawajiri, Rawaisah, & Seidek-Morgansteing, 2011). The preload shutdown procedures have been documented to influence positive outcomes in the project outcomes in a single-column chromatographic analog process. The analog processes are critical effective when used in projects with time- constraints, which provides an ideal opportunity to enhance the startup process (Ibid). Therefore, reducing the duration involved undertaking the mathematical modification and experimental validation processes can be significantly enhanced using a fed concentration, stable shutdown behavior, as well as flow-rate ratio. 

Facilitating air-quality modeling and cost-effective emission is another multidimensional importance of a chemical engineering plant shutdown. Dynamic shutdowns have a significant influence toward managing the level of transient Ozone layer depletion because it utilizes a critical Chemical Process Industry (CPI) to localize pollution events (Ziyuan, Sujing, Qiang, & Thomas, 2016). In a study that, multiple simulation strategies are designed to enhance the knowledge and efficiency of the plant shutdown emission, which exemplifies the significant influence of plant shutdown toward the environmental conservation. The critical Chemical Process Industry merits because it improves the flow rate and facilitates air- quality modeling during the emission of an ethylene plant shutdown (Kletz & Amyotte, 2010). Therefore, a lead chemical engineer in collaboration with an environmental engineer can achieve mutual benefits during the plant shutdown using the capabilities of a Chemical Process Industry to model the air- quality and cost saving in mitigating transient Ozone layer conservation initiatives. 

 Enhanced automation technique in the process industry has positive influences toward the plant operations and shutdown activities. The current system aims to minimize the shutdown risks associated with human errors during the Safety Instrumental Functional Shutdown in a process industry setting using the standard software capabilities (Schwartz, 2016). The two profound process shutdowns planning strategies include an Integrated Shutdown Plan (ISP), which merits because it influences an operation engineer to monitor and document the high-density shutdown risks in the short-term (Beck, 2013). The Integrated Shutdown Plan paradigm enables a high-level planning to undertake a quarterly based Safety Instrumental Functional Shutdown because long-term goals, scopes, and duration of the particular shutdowns are communicated to the stakeholders in advance.  

Factors Involved in Shutdown Process

The execution of a Safety Instrumental Functional Shutdown involves modification and decommissioning processes that are defined in the IEC 61511-1, 17, and 18. The modification of the Safety Instrumental Functional Shutdown requires the use of a Change Request Note to document and seek authorization to enhance the system integrity specification (Bradley, 2013). Adequate planning toward the intended changes should also adopt a multidiscipline approach similar to the hazard identification process in the first lifecycle process.


The effective modification is a critical factor that enhances the shutdown process because it eradicates potential hazard inherent in an engineering plant startup process. A value- identification and in-plant container labeling are considered effective modification practices that influence the efficiency level in an engineering plant shutdown operation (Lees, 2012; Schwartz, 2016). According to Lees, a prominent value identification activity influences the modification process and avoids consequential errors (2012). The valve-identification is a common modification process because it addresses the difficulties associated with users in recognizing the appropriate valves when a system has multiple opening and closing Process Separator Vessels. 


Equally, an in-plant labeling is another cause of modification in a chemical engineering process because of the substantial influence toward the design when errors occur.  Inappropriate labeling of chemical containers can elicit significant consequences when the wrong chemical is used for another process (Schwartz, 2016). Therefore, an effective modification that regards to mislabeling includes provision of three pieces of information in the entire containers to detail the substance name, hazardous properties, and manufacturer’s name.  


Establishing a Safety Requirement Specification is another reliable post-shutdown activity, which bolsters the effectiveness of the long-term outcomes of an engineering project. The enactment of effective specifications that regard to the safety requirement facilitates the validation of the allocation of the safety function on the protection of the layers in the system (Bradley, 2013). Particularly, the use of a Trip-capability, as well as adherence to IEC 61511-1/2 Clause 10 and 12, facilitate the operation engineer to enhance the specification of the safety and integrity requirements. Specifically, the IEC 61511-1/2 Clause 10 and 12 outlines the frameworks that an operation engineer ought to communicate in a structured manner to the other stakeholders involved in a Safety Instrumented Functional Shutdown. Among the prominent frameworks to validate a Safety Requirement Specification input, include clear statements that describe the safe-state in a Safety Instrumental Function, effective operational criteria, response to system mode failures, and the ideal mode of operation (Bradley, 2012). Another pertinent statement relates to a description of the functional relationship involving the input and output properties using the reliability engineering capabilities. 


Another important factor that enhances stability in a system shutdown transient period includes enacting a Trip-inducing Add-on Technology to facilitate the implementation of an intensification strategy. A Trip-inducing System influences the efficiency of the Safety Requirement Specification in a system because it bolsters the application of hazard identification techniques (Lees, 2012). The Trip System hinges on the design of safe engineering operation plant to influence early detection of leakage in the plant after the commissioning process because of an integrated risk management module (Hendershot, 2016). An elaborate engineering operation plant integrates risk management system with distinctive add-on necessary to detect, collate, and analyze the trend of hazardous events. 

The Trip System is essential because it influences the automation of the shutdown process when the system is susceptible to a certain caliber of hazards. Adequate modifications to the Safety Requirement Specification facilitate the provision of a sophisticated Trip System, which accords protection during the typical operationalization processes and in extreme conditions of start-up (Lees, 2012). Further, temporary decommissioning of a Trip System facilitates the reliability of a system because it hedges against human errors that include failure to restore the system after temporary disarmament process. 


An aggressive unitary circuitry connectivity in a plant shutdown layout can increase the efficacy of the typical chemical engineering plants. The conservative shutdown process involves the recovery of the residual from the operation plan by flushing out the fragments in the feed tubes (Li, Kawasiri, Rawaisah, & Seidek-Morgansteing, 2011). The need to enhance quality product during makes the shutdown an aggressive process because of the additional process to flush out the leftover in the feed tubes facilitates the recycling capabilities. Therefore, during the shutdown commissioning, the added recycling line is opened to facilitate the lead engineer to expunge the relics from the supply pipes that feed in the shutdown digester tank. 


A simplified shutdown process in a optimize the transient units in a Simulated Moving Bed Chromatography plant can be replicated in multiple shutdown processes in chemical engineering. A shutdown process that involves replacing the feed concentrate pipes with a desorbent tank and preserving the rest of the system layout is a cost-effective and reliable strategy to integrate into multiple chemical engineering public projects (Li, Kawasiri, Rawaisah, & Seidek-Morgansteing, 2011). Further, the simplified approach improves the management processes because of the ease to implement and long-term outcomes that benefit a municipality project to achieve a return on investment. 


However, the reliance on simplified transient strategy entails substantial concerns that hamper widespread implementation. First, the need to integrate additional feed concentrate pipes and desorbent consumption result in extended startup processes. Second, the simplified conventional transient strategies have been applied in limited on-specification production processes (Li, Kawasiri, Rawaisah, & Seidek-Morgansteing, 2011). Therefore, the use of conventional shutdown strategies in an off-specification production increases the wastage, which contravenes the goal of enhancing recycling capability in a chemical engineering plant. 

Establishing an After Action Review (AAR) is a critical parameter that facilitates the achievement of a triple shutdown objective in a chemical engineering project. A triple shutdown process has become a strategic approach that facilitates operation engineers to improve machine performance, integrate modifications, and minimize wastage, risks factors, energy consumptions, and host of adverse parameters. Therefore, establishing an After Action Review (AAR) facilitates documentation and transfer of the critical lessons from the current Safety Instrumental Functional Shutdown (UOP, 2014). A reliable AAR relates to a spreadsheet that details the policy and communication strategy for use to disseminate key lessons learned from the shutdown process. 

Another key content in the AAR is the review of the current distribution of duties and responsibilities to facilitate competency as well as safety practices details (Bradley, 2013). The third item in of an AAR document relates to implementation and monitoring activities to ensure the existing procedures facilitate the adoption of the recommendations. The fourth key item concerns with the level of functional safety assessment and reliability, which is used to demonstrate the compliance with the PFD or PFH entailed in the Safety Requirement Specification.
The process of Sulfuric Acid Operation 
Figure 2: Sulfuric Acid Operation   
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(Source, Polakonda & Ganapathy, 2013)


A) THE STARTUP PLAN
1. Blow- Dry Activity

i. The dry blow process involves ignition of the heating in the converter using dry air that helps to minimize water condensation on the reactor catalyst. A single blow- dry process is recommended at 100-170o C. The blow-dry process enhances the effectiveness of sulfuric processing because it reduces the heating plan and minimizes the startup process (Polakonda & Ganapathy, 2013). Therefore, an initial startup condition requires a preheating of the Sulphur burner to an 870- 900o C at a steady rate for 3-4 hours. 

ii. Acid circulation is another startup process that facilitates the blow-drying activity in a sulfuric acid operation. The circulation of the acid to the tower gears toward drying the ambient air and absorb impurities that include SO3 gas. 

iii. Shutting off the Sulphur burner after the duration of 3-4 hours is aim to prevent denatured catalyst because of excessive temperature when it exceeds 470o C and the entire SO3 Gas has been socked out of the tower.

2. Gas Fire Preparation

iv. Continued circulation of the Hydrogen gas into the tower and restarting the compressor at a reduced rate is critical startup process. 

v. Introduce the combustion gas into the compressor chamber. The combustion gas is collected at the stripper chamber and the process continued for four intervals. The ideal temperature to prevent overheating the catalyst is 400o C during the first interval and reduces at a steady rate of -20o C

vi. The formation of a vapor cloud in the startup vent reveals the collection of a SO3 gas. Appropriate precautions are necessary to prevent emission as the vaporized SO3 gas accumulates into the first startup vent tower. An effective Conventional Startup Strategy is to channel the extra vapor into the second venting towers. Alternatively, a shutdown process is permissible to prevent potential leakage. The engineer needs to restart the Sulphur heater at the initial temperature of 870- 900o C. Using the add-on intensification on the startup vent towers, it is possible for the lead engineer to observe the strength of the acid the vaporized SO3 gas accumulates in the second-vent tower. The weak acid has distinctive attributes and is easier to distinguish from strong sulfuric. The weak acid can decompose at the bottom of the second startup vent tower to allow tapping out using a bypass duct to another container. 

vii. The catalyst burner has reached its optimum point. The engineer needs to shut down the compressor, stop the feeding process by switching the fuel supply and remove the Sulphur burner. Lastly, the cleaning of the burner should herald the commencement of sulfuric acid processing. 

3. Sulfur Burning 
viii. Identify the appropriate ducts, valves, and containers critical to the operation to minimize the emergency shutdowns. A verification process is critical at this stage with an Anti- Surge Assessment and Pressuring up processes necessary to ascertain the suitability of the critical components. 
ix. The commissioning process starts by switching the compressor first. The immediate process is to direct the feed concentration into the startup vent, which has been cleaned and dried in the previous processes. 
x. Initiate the Sulphur dioxide (SO2) production at a rate of 40-50% capacity. The Sulphur burner temperature should remain at a steady rate of 790o C and the injection of Oxygen and Sulphur dioxide (SO2) gas held at a concentration rate of 11.5% and 9% respectively. 
xi. A notable observation relates to a physical change in the catalyst when it contacts the combustion gases. Subsequently, a steady rise in temperature will be observed after a minimum of 40 minutes to a maximum of 50o C.
xii. The temperature level will commence declining after 2 hours, which necessitates the addition of Sulphur dioxide gas at a lower rate of 7% from the originally recommended 9%. 
xiii. The plant stability should be addressed by moderating the heating metric for the main compressor and further rise in the Sulphur dioxide gas injection rate. The two interventions aim to increase the overall combustion rate.
B). SHUTDOWN PROCESS


A simplified shutdown strategy is preferred because it is a cost-effective process. 

A. Condense the moisture in the shutdown vent to prevent the acid from decreasing the strength. An important precaution is to prevent the moisture from contacting the catalyst because the latter has a high hygroscopic attribute, which attracts water molecules. 

B. Remove the feed concentration tubes that ferry in the SO3 and SO2 gases into the system. Using the principles of Critical Chemical Process Industry, removing the two feed tubes from the plant aims to prevent the formation of Sulphur dew that forms remnant inside the pipe.

C. A planned shutdown involves allowing the catalyst temperature level to fall below the freezing point is critical because of the hygroscopic nature. Alternatively, the converter system should be filled with dry air to remove the residue of Sulphur dioxide and SO3 gases. 

D. The emergency shutdown requires an immediate purge of the entire system with the dry air to remove the leftover gases in the towers before the next process commences.  
Conclusion 

Effective engineering plant seeks to enhance efficiency in startup and shutdown operations. Therefore, an engineer has the obligation to develop a transient strategy that maximizes the temporary delay in production to eradicate system shutdown and inefficiency using preventative capabilities. The modern transient processes have apparent significant changes with the adaptation of intensification strategy a major improvement from the ordinary transient practices. An effective transient incorporates protection layers in the layout to detect explosion as evident in several cases including Flixborough and Chernobyl. The economic benefits of process intensification in the chemical engineering plant motivate the designers to focus on micro-devises, which are effective and sustainable. The demand for economical utilization of the scarce resources influences the transformation of the plant sizes to micro-capabilities that involves minimal resources and yield substantial outcomes. 


Further, simplified strategies provide triple-fold objectives that integrate cost saving, environmental sustainability, and human safety during the plant startup or shutdown operations. A shutdown process that involves replacing the feed concentrate pipes with a desorbent tank and preserving the rest of the system layout is a cost-effective and reliable strategy to integrate into multiple chemical engineering public projects. Therefore, the lead chemical engineers tasked to implement an operation startup and shutdown can facilitate cost saving, protect the environment, and safe employees against potential explosion by integrating the effective transient strategies. 

Equally, improving efficiency in an operating plant shutdown involve five generic phases. Usually, an engineering plant shutdown involves five generic phases that include scope definition, front-end planning, scheduling coordination -and- procurement activities, functional shutdown, in addition to a return of services stage. Achieving positive outcomes after decommissioning an operation plant hinges on the level of preparedness and strategic approaches that a plant engineer undertake to implement the five phases. 
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