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Basic Process Design: Documents and Workflow

Process Simulation: Its Role, Inputs, and
Outputs

Process engineering plays a pivotal role in industries such as chemical, oil and gas,
petrochemical, and pharmaceuticals. It encompasses designing and optimizing
processes that convert raw materials into valuable products. As the backbone of a
project, process engineers collaborate closely with various disciplines, including piping,

instrumentation, and mechanical engineering. Their primary objective is to ensure [...]

A Proper Process Design: Better Efficiency,
Operability, and Safety

Process design plays a crucial role in the success of any plant operation. It’s a long
journey starting from process modeling and passing through sizing and design activities,
then ensuring that process components are procured as requested up to starting up the
plant at site. This involves a series of decisions and calculations, including equipment

[...]

Understand Process Design Stages From
Conceptual Design To Startup
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Basic Process Design: Documents and Workflow

In the world of engineering and project management, process design is a critical
component of turning ideas and concepts into reality. Whether it's a new chemical
plant, an oil refining or gas, or petrochemical plant, or a power generation system, the

process design stages play a crucial role in ensuring that the final product is [...]

The Fundamentals of Process Design: Activities
and Documents You Need to Know

Chemical engineering plays a crucial role in the design and operation of chemical plants,
oil and gas refineries, petrochemical facilities, and various other process industries. It is
essential for chemical engineers to understand the core principles of process design and
the key activities that contribute to the successful execution of a project. This

comprehensive guide [...]
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Basic Process Design: Documents and Workflow

Chemical engineering plays a crucial role in the design and operation of chemical plants,
oil and gas refineries, petrochemical facilities, and various other process industries. It is
essential for chemical engineers to understand the core principles of process design and
the key activities that contribute to the successful execution of a project. This
comprehensive guide will provide a deep insight into the world of project execution in
chemical engineering, touching upon essential activities, documents, and the use of

simulation software in the process industry.

Context of Chemical Engineering Projects

Project execution in chemical engineering revolves around the effective management of
various tasks to ensure that projects are delivered on time and within the allocated
budget. It involves the coordination of multidisciplinary teams, including piping, civil,
mechanical, electrical, and instrumentation engineers, to ensure seamless integration
of all project components. Effective project management is essential to maintain the

safety, quality, and reliability of chemical plants and other process facilities.

In the world of chemical engineering, project execution is @ multidimensional process
that requires a combination of technical knowledge, analytical skills, and effective
communication. Chemical engineers must not only have a strong foundation in core
engineering principles but also be adept at managing resources, evaluating risks, and

making informed decisions that contribute to the overall success of a project.
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Know

Core Principles of Process Design

Process design is @ fundamental aspect of chemical engineering that focuses on the
creation of efficient, safe, and economically viable processes for the production of
chemicals, fuels, and other valuable products. The core principles of process design in

chemical engineering include the following:

1. Process Simulation: By carrying out simulation activity for our process, we would
come up with the expected capacities and conditions for each process stream and
piece of equipment, along with optimizing energy consumption and minimizing
operating costs. We shall use the simulation data to carry out downstream sizing
activities.

2. Unit operations: Designing and sizing individual process units and equipment, such
as heat exchangers, reactors, towers, and separators.

3. Process control: Implementing control strategies to maintain process variables
within desired ranges and ensure safe, stable, and efficient operation.

4. Safety and environmental considerations: Ensuring that the process adheres to
stringent safety standards and minimizes environmental impact.

Master Hydraulics as a Chemical/Process Engineer (4 in 1 Course)
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Key activities in chemical engineering project
execution

a. Process simulation and its importance

Process simulation is an important activity in chemical engineering that uses specialized
software such as Aspen Plus, Aspen HYSYS, and PROII to simulate chemical processes.
The aim of this activity is to predict how a chemical process will behave under various
conditions and to optimize the process design to improve its efficiency and profitability.

The key outputs of process simulation are:

1. The flowsheet provides a visual representation of the process and its various unit
operations. It shows the direction of material flow, as well as the physical and
chemical changes that occur as the material passes through each unit operation.
The simulation flowsheet can be considered the base on which the process flow
diagram (PFD) will be created.

2. The Heat and Mass Balance (HMB) is used to quantify the mass and energy
balance of the process. Based on HMB, we can start sizing equipment and piping
and add process requirements for the instruments.

In summary, based on process simulation, the whole plant shall be designed. That’s why
care should be taken to ensure a smooth process that considers optimizing fixed and

operating costs while achieving product specifications.

b. EQuipment Sizing
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Equipment sizing is a critical activity in chemical engineering project execution, as it
ensures that process equipment is appropriately sized to handle the required throughput
and operating conditions. This includes the sizing of reactors, heat exchangers,

distillation columns, separators, pumps, and other process equipment.

Proper equipment sizing is crucial for several reasons:

1. It ensures that the process operates efficiently and meets the desired product
specifications.

2. Helps to minimize capital and operating costs by optimizing equipment dimensions

3. Ensures the safe and reliable operation of the process by preventing equipment
failure and minimizing the risk of process upsets

Through equipment sizing activities, a process engineer can give the main equipment
dimensions and requirements. Based on the sizing output, mechanical and structural
design is performed by fellow mechanical and civil engineers. If a piece of equipment
needs some utilities or some power, then this should be considered as well by the

concerned disciplines.

c. Line Sizing
Line sizing is another essential activity in chemical engineering projects, which involves
determining the appropriate diameter for the piping that transports fluids throughout

the process. This is important for several reasons:
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1. Proper line sizing ensures that flow velocities are maintained within acceptable
limits, minimizing the risk of erosion and corrosion to the piping system.

2. A pipe size with a reasonable diameter shall give a low-pressure drop. Hence it
contributes to the hydraulic balance of the system.

3. It helps to optimize the energy requirements of fluid transport, reducing pumping
costs and improving process efficiency.

4. For two-phase fluids, proper pipe size shall reduce the probability of slug
formation, which shall help reduce vibration stresses on the pipe, which can
eventually lead to pipe rupture.

So here, a process engineer is responsible for providing the correct pipe size that shall

help ensure the hydraulic balance and system efficiency.

d. PSV Sizing

Pressure Safety Valve (PSV) sizing is a critical aspect of process safety in chemical
engineering projects. PSVs are designed to relieve excess pressure in process equipment

and piping, preventing catastrophic failures and ensuring the safe operation of the plant.

Proper PSV sizing is essential to ensure that the valve can adequately relieve the
required flow rate under various overpressure scenarios, such as equipment overfill, fire

exposure, blocked outlet conditions, ...etc.

e. Hydraulic Calculations and Flare Study
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Hydraulic calculations are necessary to evaluate the performance of fluid transport
systems in chemical engineering projects. These calculations involve the analysis of
pressure drops, flow rates, and other parameters to ensure that the process operates

efficiently and safely.

A flare study is a specific type of hydraulic calculation that focuses on the design and
performance of flare systems, which are used to safely dispose of excess hydrocarbons
and other process gases during emergency situations. A well-designed flare system is
essential to ensure the safety and environmental compliance of chemical plants, oil

refineries, and other process facilities.

The Fundamentals of Process Design: Activities and Documents You Need to Know


https://boostrand.com/the-fundamentals-of-process-design-activities-and-documents-you-need-to-know/

The Fundamentals of Process Design: Activities and Documents You Need to

Know

Hydraulic Calculations for a Process
Engineer 4 in 1 Course

Understand hydraulics of pipes, pumps, compressors and control
valves as a process engineer. It includes the 4 courses shown below:

1. Pipe Sizing 2. Pump Hydraulics 3. Compressor Operation 4.
Control Valve Hydraulics

Learn more

The Fundamentals of Process Design: Activities and Documents You Need to Know


https://boostrand.com/the-fundamentals-of-process-design-activities-and-documents-you-need-to-know/

The Fundamentals of Process Design: Activities and Documents You Need to

Know

f. Determine design conditions

Here, we are talking about design pressure and temperatures. Design conditions are
different than the operating conditions. If a vessel is expected to operate at 10 barg,
then its operating pressure is 10 barg. However, if something wrong went into operation
and the pressure was raised, then there is a pressure on which the vessel is
mechanically designed to withstand, let’s say, 15 barg. The same applies to

temperature.

A process engineer is responsible for determining the expected upset scenarios for each
component, whether it's a pipe, piece of equipment, or instrument. Based on the upset

scenario, we can determine the design pressure and temperature.

Considering the proper design condition is of high importance. Based on the design
conditions, mechanical design, stress analysis, and structural calculations are carried
out. If these are based on improper conditions, the relevant component will be subject

to failure. That’'s why this activity should be taken with care.
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Essential documents for project execution

a. Process Flow Diagram (PFD)

A Process Flow Diagram (PFD) is a schematic representation of the overall process,
depicting the main process units, equipment, and piping, as well as the flow of
materials and energy throughout the process. The PFD serves as a valuable
communication tool for engineers, operators, and other stakeholders, providing a high-

level overview of the process and its key components.

b. Piping and Instrumentation Diagram (P&ID)

The Fundamentals of Process Design: Activities and Documents You Need to Know


https://boostrand.com/the-fundamentals-of-process-design-activities-and-documents-you-need-to-know/

The Fundamentals of Process Design: Activities and Documents You Need to

Know

A Piping and Instrumentation Diagram (P&ID) is @ more detailed representation of the
process, showing the specific layout of piping, equipment, and instrumentation. The
P&ID includes information on pipe sizes, materials, valve types, and instrument
locations, as well as the interconnection of process units and control loops. The P&ID is a
crucial document for the design, construction, and operation of chemical plants and
other process facilities, serving as a basis for equipment procurement, construction

planning, and operator training.
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Understand Process Design Stages From Conceptual Design To Startup

P&ID DESIGN GUIDELINES

Understand the basic role of P&ID in a Project, basic data shown on
a P&ID, its anatomy, and level of details based on project stage.
Expand your knowledge by going through the main operational and
maintenance considerations in a P&ID.

Go even further and dive into plant safety and protection measures
and see an example of 3 HAZOP / SIL assessment.

Learn more

c. Cause and Effect
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A Cause and Effect document, also known as a Cause and Effect Matrix or Shutdown
Logic, is a systematic representation of the process safety interlocks and shutdown
systems in a chemical plant or process facility. It outlines the various safety functions
that are triggered by specific process events or conditions, such as high pressure, low
temperature, or equipment failure. The Cause and Effect document serves as a
valuable reference for engineers, operators, and maintenance personnel, helping to

ensure the safe and reliable operation of the process.

d. Control Philosophy
Embed Video

A Control Philosophy document defines the overall strategy for process control and
automation in a chemical plant or process facility. It outlines the specific control
objectives for each process unit, the selection of control variables, the design of control
loops, and the integration of advanced control techniques. The Control Philosophy
serves as a guide for the design and implementation of the plant’s control system,
ensuring that process performance and safety are maintained under a wide range of

operating conditions.

e. Equipment List and Line List

An Equipment List provides detailed information on all process equipment, including

equipment tag numbers, descriptions, specifications, and other relevant data.

A Line List focuses on the process piping system, providing information on pipe tag

numbers, sizes, materials, and other details.
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These lists serve as valuable resources for budget quotations and a rough estimation of
project costs. They also serve for downstream engineering activities such as plant

layout drawings and Material Take Off.

f. Utility and Effluent Summary

A Utility and Effluent Summary is @ document that provides an overview of the utility

requirements and effluent streams for a chemical plant or process facility.

The utility summary includes information on the consumption of water, steam,
electricity, and other utilities, as well as the production of by-products and waste

streams.

The effluent summary outlines the composition, flow rates, and treatment

requirements for process effluents, such as wastewater, air emissions, and solid waste.

These summaries are essential for the design and operation of utility systems and
environmental control facilities, ensuring that the process meets its resource and

compliance objectives.

g. Equipment Datasheets

Equipment datasheets are documents that provide detailed specifications and design
data for individual process equipment, such as reactors, heat exchangers, pumps, and
valves. These datasheets include information on equipment dimensions, materials,
operating conditions, and other technical data, serving as a basis for equipment

procurement, fabrication, and inspection.
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h. Process Datasheets for Instruments

Process datasheets for instruments are documents that provide detailed specifications
and design data for process instrumentation, such as pressure transmitters, flow

meters, and temperature sensors.

These datasheets include the process requirements from the instruments, such as the
expected flow or pressure or temperature operating range, the fluid physical
properties, and the design pressure and temperatures. Based on these data,
instrumentation engineers shall select the appropriate instruments and consider the

proper instrument range and design.

Conclusion

So we have seen how the role of a process engineer is highly important during a project
execution. Based on the process design, all downstream activities carried out by

different engineering disciplines.

In conclusion, mastering project execution in chemical engineering requires a deep
understanding of core process design principles, key activities, and essential documents,
as well as the effective use of simulation software and a thorough knowledge of the oil
and gas and petrochemical industries. By developing these skills and knowledge,
chemical engineers can contribute to the development of efficient, safe, and
sustainable processes that meet the world’s growing demand for energy and

petrochemical products.

Understand Process Design Stages From Conceptual Design To Startup


https://boostrand.com/understand-process-design-stages-from-conceptual-design-to-startup/

Understand Process Design Stages From Conceptual Design To Startup

To master project execution in chemical engineering, it is essential to continuously
learn, evaluate, and optimize processes, as well as to develop effective communication,
collaboration, and leadership skills. By doing so, chemical engineers can contribute to
the success of their projects and the overall growth and development of the chemical

engineering profession.

In the world of engineering and project management, process design is a critical
component of turning ideas and concepts into reality. Whether it’'s a new chemical
plant, an oil refining or gas, or petrochemical plant, or a power generation system, the
process design stages play a crucial role in ensuring that the final product is efficient,
safe, and reliable. In this article, we’ll take a deep dive into the various stages of process

design, from the initial conceptual design to the final startup of the plant.

As we progress through each stage, we’ll explore the importance of each step, the key
deliverables, the cost accuracy, the effect of change on the project, and the role of
various engineering disciplines in shaping the final design. When the project team has
the correct understanding of each stage within the project, this shall help give the

optimum solutions that shall reduce overall project cost and avoid delay in the project.

Importance of Process Design in Project
Execution
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Process design is a central element of any engineering project. It is the blueprint that
guides the construction, operation, and maintenance of a facility. A well-executed
process design ensures that the plant operates efficiently, safely, and in compliance
with environmental requlations. It also helps to minimize capital and operating costs,
making the project more financially viable. Ultimately, the success of any engineering

project hinges on the quality and completeness of its process design.

So in the beginning, the process engineer creates the Process Flow Diagram (PFD) and
Heat and Material Balance (HMB) summary, which determine the expected flow rate
and physical properties of the fluid, fluid composition, operating pressure and

temperature, and plant control.

Based on this information, downstream activities can be initiated, such as pipe and
equipment sizing, hydraulic activities, equipment and line lists, P&ID, control system
logic, equipment protection and shutdown logic, utility and effluent summary, PSV
sizing and flare system requirements, and instrument specification process data. This
article explains the main activities of process design and what a process engineer

typically does in a project.

A process design shall give the information needed for our piping, instrumentation, and

mechanical colleagues to proceed in their detailed activities, such as:
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e Plant Layout

e 3D model and pipe isometrics creation based on the P&ID

e Purchase of equipment based on our sizing

e Purchase of different instruments based on the process data in hand
e Purchase of bulk items such as piping, valves, and fittings

e Consider the expected electrical loads needed by our plant

e And even more other activities...

All the above shall be based on process design requirements. As we see, The process
design serves as a roadmap for the entire project team, from process engineers to

construction managers and operators.

Master Hydraulics as a Chemical/Process Engineer (4 in 1 Course)

Understanding the Project Phases is Highly
Important

By following a systematic approach to design, the team can identify and address
potential issues early on, reducing the risk of costly errors and delays during
construction and startup. That’s why it should be understood that the maturity of

process design depends on the project stage.

For example, in the very early project stages, process design is still very preliminary;
that’s why it is not common to proceed with detailed activities or purchasing activities,

as the design can change.
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However, after the process design has reached a mature stage, where equipment, bulk
material, and instruments are already purchased or even got constructed, it would be
very difficult to change the design as it shall lead to a huge cost impact and project

delay.

So let’s shed light on the main project stages:
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Conceptual design: the foundation of process design
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The first step in any process design journey is the conceptual design stage, which
serves as the foundation for the entire project. It involves transforming the project’s
initial idea into a preliminary design that outlines the basic process flow and identifies
the major equipment required to achieve the desired outcome. Here are some key aims

and common deliverables of the conceptual design stage:

Aims

e Define process requirements such as production capacity, product specifications,
and environmental constraints

e Conduct a preliminary feasibility assessment

e Establish a starting point for the subsequent design stages

e Provide a basis for decision-making and whether we shall proceed in this project or
not

Common deliverables

e Process flow diagram (PFD)
e Preliminary equipment list
¢ Initial cost estimate

Cost Accuracy

t 30- 50% of the estimated budget

Flexibility to Modifications

High

The resulting deliverables from a conceptual design provide a solid starting point for the
subsequent design stages, allowing for a more efficient and effective process design
journey. By emphasizing the importance of conceptual design, the project team can

establish a strong foundation that sets the stage for success.
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Basic engineering / FEED : laying the groundwork for
detailed design

Following the conceptual design, the project moves into the Front-End Engineering
Design (FEED) stage. The FEED stage is a crucial step in the process design journey, as it
bridges the gap between the preliminary concept and the detailed design that follows.
During this stage, the process design is refined and expanded upon, with a focus on

optimizing the process flow, equipment selection, and overall plant layout.

Aims
e Develop a comprehensive plan for the project
e Ensure process flow is efficient and optimized
e |dentify and assess risks
e Lay the foundation for the subsequent detailed engineering stage

Common deliverables

e Process flow diagram (PFD) with a high accuracy

Preliminary P&ID

More accurate equipment list

Equipment and instrument datasheets
More accurate cost estimate

These documents serve as the basis for the detailed engineering stage, where the focus

shifts to the final design and specification of all equipment, piping, and instrumentation.

Cost Accuracy

+ 10- 30% than the estimated budget

Flexibility to Modifications
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Still high flexibility. But less than the conceptual design

Overall, the FEED and basic engineering stages lay the foundation for a successful
project outcome. The careful planning, analysis, and documentation produced during
these stages ensure that the project moves forward with a clear understanding of its
goals and constraints, reducing the risk of delays, cost overruns, and technical problems

down the line.

Detailed engineering: finalizing equipment and
pipe sizing, hydraulics, and plant 3D model

The detailed engineering stage is a critical phase in the process design journey, where
the final design and specification of all equipment, piping, and instrumentation are
completed. The aim of this stage is to finalize equipment and pipe sizing, and hydraulics

and develop a comprehensive 3D model of the plant.
Detailed design in itself passes through different stages.

For example, in its beginning, we haven’t purchased anything yet. We don’t have

enough vendor data, so there is still some room for changes.

Then afterward, HAZOP and SIL sessions are conducted to challenge the design and
ensure that the system is well protected; some changes may arise here due to the

HAZOP outcome.
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We shall then start to receive the data from vendors and incorporate it into our design.
Here, we have already purchased the material we need. So changes shall be very

limited and, in many cases, not tolerated.

Here are some key aims and common deliverables of the detailed engineering stage:

Aims

e Finalize sizing equipment and pipe in addition to hydraulic checks

e Incorporate the final data from vendors

e Develop a comprehensive 3D model of the plant

e Ensure that the final design meets all technical, safety, and requlatory
requirements

Common deliverables

e Final Piping and Instrumentation Diagram (P&ID)

e Final equipment and instrument data are now verified by their vendors
e Piping isometrics

e Completed 3D model

e Detailed construction schedule

Cost Accuracy

+0- 10% than the estimated budget, depending on which phase we are in.

Flexibility to Modifications

Low flexibility. Any change can affect the project cost and cause delays to the project.
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The detailed engineering stage requires close collaboration among the project team,
equipment vendors, construction contractors, and other stakeholders to ensure that the
final design meets all technical, safety, and requlatory requirements. The resulting
deliverables serve as the basis for the procurement, construction, and commissioning of

the plant.

With a focus on finalizing equipment and pipe sizing, hydraulics, and developing a
comprehensive 3D model of the plant, the detailed engineering stage sets the stage for

a successful construction and startup process.
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Commissioning and startup: bringing the
process to life
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Once the process design has been completed and the plant has been constructed, the
final stage is the commissioning and startup of the facility. This is where the process
design comes to life, as the plant is brought online and begins to produce the desired

products.

Commissioning and startup form a critical phase of the project that includes:

e Ensuring that the plant was constructed as per the design

e Verification of control schemes

e Carry out leak tests to prepare for start-up

e Any issues that arise during startup are addressed and resolved, and the plant is
gradually ramped up to full production capacity.

e Fine-tuning of operating parameters to ensure that the plant meets its
performance targets

e Performance testing of all equipment

Once the plant has achieved steady-state operation, the final step is to hand over the
facility to the operations team. This includes the transfer of all documentation, such as
equipment manuals, maintenance procedures, and operating instructions, as well as the

training of personnel on the safe and efficient operation of the plant.

Conclusion: the importance of a well-executed
process design

In conclusion, the process design stages play a crucial role in the successful execution of
any engineering project. From the initial conceptual design to the final commissioning
and startup, each stage serves a specific purpose in turning ideas and concepts into a

functioning plant.
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The importance of a well-executed process design cannot be overstated. It ensures that
the plant operates efficiently, safely, and in compliance with environmental regulations.
It helps to minimize capital and operating costs, making the project more financially

viable. And it lays the foundation for the long-term success of the facility, ensuring that

it meets the needs of its stakeholders for years to come.

By understanding the intricacies of each process design stage, engineers and project
managers can appreciate the complexity and importance of the overall process design.
They can identify potential issues early on, reducing the risk of costly errors and delays
during construction and startup. And they can work together to ensure that the final

plant is safe, reliable, and capable of meeting its performance targets.

So, the next time you’re involved in an engineering project, remember the critical role
that process design plays in its success. By focusing on each stage of the process design
journey, you can help to ensure that your project is completed on time, within budget,

and to the highest standards of quality and safety.

Process design plays a crucial role in the success of any plant operation. It’s a long
journey starting from process modeling and passing through sizing and design activities,
then ensuring that process components are procured as requested up to starting up the

plant at site.
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This involves a series of decisions and calculations, including equipment sizing, control
schemes, and process shutdown protocols. If you like to know the story from the

beginning, you can start reading the previous articles talking about the process design
documents and activities and the role of process design in a typical project, depending

on the project stage.

In this article, we will talk more about the importance of proper process design, the key
components of an effective process design, and how it can lead to increased efficiency,

enhanced operability, and improved safety in plant operations.

The Importance of Proper Process Design

The importance of proper process design cannot be overstated. A well-designed process
improves plant efficiency and ensures the facility’s safe and smooth operation. An
efficient process design can reduce operating costs, increase production capacity, and
improve product quality. On the other hand, a poorly designed process can result in

costly downtime, equipment failure, and even catastrophic accidents.

One of the primary goals of process design is to optimize the use of energy and
resources while minimizing waste and environmental impact. This requires a deep
understanding of the physical and chemical properties of the materials involved, as well
as the complex interactions between the various components of the process. By
carefully analyzing these factors, engineers can create a process design that maximizes

efficiency, enhances operability, and ensures safety.

Optimizing Plant Cost
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Proper process design can significantly impact the overall cost of plant operations. By
optimizing the flowsheet and system capacity, equipment sizing, pipe sizing, and other
design factors, engineers can help to reduce fixed costs and avoid oversized equipment.
Additionally, a well-designed process can result in increased production capacity and

improved product quality, further contributing to the overall profitability of the plant.

For example, when simulating the operation of a tower, optimizing the reboiler and
condenser duties shall result in a8 smaller size of the condenser, reboiler, and overhead

drum.

A high reflux ratio shall decrease the number of the tower’s trays, which may lead to a
tower with smaller dimensions. However, it shall increase the reboiler and condenser
duties, leading to larger reboiler and overhead system. In addition, we shall need a

reflux pump with a higher capacity.

So here, it’s a process engineer’s job to optimize the tower’s operation to ensure it shall

lead to optimized dimensions of the tower, reboiler system, and overhead system.

Maximizing Plant Efficiency Through Effective Process
Design
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Effective process design is crucial for maximizing plant efficiency. By carefully selecting
and sizing equipment, implementing appropriate control schemes, and optimizing
process parameters, engineers can help to ensure that the plant operates at peak
performance. Improved efficiency can lead to reduced operating costs, increased

production capacity, and a more competitive position in the market.

For example, we may consider energy integration between hot and cold fluids in the
process. This shall minimize the consumption of cooling water and steam. If we have a
stream that needs to be cooled, we can use an air-cooled exchanger, which shall
eliminate the use of cooling water. Even if the air temperature is high compared to the
temperature we are targeting, we can use an air-cooled exchanger followed by a
water-trim cooler. This shall also minimize the cooling water consumption. For example,

you can check out the article comparing air-cooled exchangers to water coolers.

Ensuring Safety in Plant Operations with Proper Process
Design

Safety is a top priority in any plant operation, and proper process design is critical in
ensuring the safety of both plant operators and the surrounding environment. By
designing processes with the necessary safety measures in place, such as equipment
protection and relief and blowdown systems, engineers can help to minimize the risk of

accidents and equipment failure.
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A safe process design should ensure that all upset scenarios shall be addressed and the
plant is already protected. For example, what if the discharge system was blocked in a
centrifugal pump? This shall lead to high pressure in the discharge. That’s why a process
engineer should consider the discharge system’s design pressure to withstand the
pump’s shutoff pressure. In this case, we shall be sure that even if some valve on the

discharge is closed by mistake, the discharge system can withstand maximum pressure.

If this pump is a positive displacement pump with no discharge pressure limit. Here, we
cannot assign a design pressure that withstands blockage in the discharge pressure; we
shall need to protect the system externally. So we shall install a pressure transmitter
with a high-high alarm. If some blockage occurs and a very high pressure is detected, a
signal shall be sent through the shutdown system to trip the pump. So here we

prevented the blockage.

In addition, we shall add another layer of protection to mitigate the blockage. This can
be through a pressure safety valve that shall open once the pressure reaches its set

pressure and divert the flow to an open system.

Enhancing Operability with Well-Designed Processes
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Well-designed processes focus on improving plant efficiency and target easy
operability. By creating processes that are easy to control, maintain, and troubleshoot,
engineers can help ensure that plant operators can effectively manage the facility’s
day-to-day operations. This can lead to reduced downtime, increased productivity, and

a more positive work environment for plant personnel.

This can be noticed in the following factors:

o Proper control schemes, where the control loops give an accurate response in time
based on the criticality of the loop.

e Adding required instruments to measure process parameters so that the operator
can easily monitor and track the performance of each piece of equipment. This
shall help him troubleshoot any issue.

e Add alarms at critical parameters so the operator is notified of any issue. Alarms
should be added only as needed, as too many alarms shall disturb the operator.

Easy Plant Maintenance

Proper process design can also contribute to more straightforward plant maintenance.
By designing processes with easy access to equipment and isolation points, engineers
can help to ensure that maintenance tasks can be performed efficiently and safely. This

can lead to reduced downtime, lower maintenance costs, and extended equipment

lifespan.
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That’s why the design should always consider how the system or the piece of

equipment shall be maintained. This can be shown in:

e Choosing a maintainable equipment type: For example, if we have a shell and tube

exchanger serving a fouling fluid, we shall need a removable bundle in order to
consider its cleaning.

e Isolation: How the equipment shall be isolated in order to start examining it.

e Evacuation: How we shall get rid of trapped liquid and vapor. This is done through
drainage points and purging the vapor.

Minimizing Complicated Design
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Engineers should strive to minimize the complexity of process design whenever possible.
Complex designs can lead to increased costs, more frequent equipment failure, and a
higher potential for operator error. Engineers can create a more efficient, reliable, and
safe plant operation by simplifying process design and focusing on the essential

elements.

That’s why a conventional equipment type is always preferred unless the service needs
an unconventional one. A simple control scheme that is easy to tune and maintain

would also be preferred, and so on.

Key Components of Process Design

a. Equipment Sizing

One of the most critical aspects of process design is equipment sizing. Properly sized
equipment ensures that the plant can handle the required production capacity without
overloading or underutilizing the equipment. This helps to minimize energy
consumption, reduce maintenance costs, and extend the equipment’s lifespan.
Engineers must consider factors such as flow rates, pressures, and temperatures when

determining the appropriate size for each piece of equipment.

Undersized equipment shall negatively affect the whole process and may lead to an off-
spec product. On the other hand, highly oversized equipment would mean unnecessary
costs, and sometimes, it can even affect the process. That’s why a process engineer

should always optimize the equipment size.
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b. Choosing Proper Design Pressure and Temperature

Selecting the correct design pressure and temperature for each process stage is crucial
for maintaining the integrity of the equipment and ensuring safe operation. Design
pressure and temperature should account for fluctuations in process conditions and
accommodate any potential disturbances that may occur during operation. Failure to
account for these factors can result in equipment damage or failure, posing a significant

risk to plant operators and the surrounding environment.

c. Control Scheme

The control scheme is the system used to regulate and maintain the desired process
conditions. A well-designed control scheme can help maximize plant efficiency,
enhance operability, and ensure safety. Engineers must carefully select the appropriate

scheme for each system or equipment to ensure smooth control.

In addition, choosing the appropriate parameter to control the system, whether it is
temperature, pressure, flow rate, or level, is essential for monitoring and adjusting the
desired process conditions. Proper selection of control parameters is essential for

maintaining stable process operation and smooth control.

If you'd like to know more about choosing the proper control scheme, you can check out

this article:

d. Proper Hydraulic Checks
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Conducting proper hydraulic checks is critical for identifying and addressing any

potential issues with the flow of fluids through the process.

This includes ensuring that the piping and equipment are designed to handle the
required flow rates and pressures and making any necessary adjustments to optimize

efficiency and prevent equipment damage or failure.

For example, we should ensure that pump hydraulics are carried out to calculate its
required differential head, based on which the pump type shall be chosen and
purchased. This also applies to a control valve where the pressure drop affects its CV.
For a reboiler or a condenser to work efficiently with a very narrow pressure range,
hydraulic calculations should be carried out to ensure that the required duties shall be

fulfilled.

Master Hydraulics as a Chemical/Process
Engineer (4 in 1 Course)

Understand the hydraulics of pipes, pumps, compressors, and control valves as a

process engineer.

e. Maintenance, Isolation, and Drainage

As a process engineer ensures the plant’s best performance during normal operation,
he should also ensure that equipment maintenance activities shall be carried out

smoothly.
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In order to carry out maintenance activities, equipment or system would need to be
isolated, and it should be emptied from the process fluid. Proper isolation, maintenance,
and drainage procedures are essential for ensuring the safe and efficient operation of

the plant.

Engineers must design processes with easy access to isolation points for equipment
maintenance or shutdowns. Drainage systems should be designed to handle any

potential spills, minimizing environmental impact and ensuring worker safety.

That’s why the project should follow a clear isolation philosophy and a clear drainage
philosophy that should be shared with the operation team and applied in the process

P&IDs.

f. EQuipment Protection

Engineers must design processes with the necessary equipment protection measures in
place, such as pressure relief valves, rupture disks, and shutting down the system at
upset conditions. These measures help to ensure the safe operation of the plant and

prevent catastrophic equipment failure in the event of a process upset or disturbance.

This is highly important that safety sessions and studies, such as HAZOP and SIL, should
be carried out before implementing any project in order to ensure that the design

addresses all potential upsets in the plant and that the equipment is well protected.
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g. Relief and Blowdown

The relief and blowdown system is an essential component of plant safety, designed to
release excess pressure or vent hazardous materials in the event of an emergency.
Properly designed relief and blowdown systems shall ensure proper operation of
pressure safety valves and blowdown systems and ensure efficient equipment
protection, thereby minimizing the potential for equipment damage or failure and

protecting plant operators and the surrounding environment.

Conclusion
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In conclusion, proper process design is essential for maximizing plant efficiency,
enhancing operability, and ensuring safety. By carefully considering factors such as
equipment sizing, control schemes, process parameters, plant safety, and easy
maintainability; engineers can create an effective process design that not only improves
plant performance but also contributes to a safer and more productive work
environment for plant personnel. That’s why prioritizing process design as a key

component of plant success is more critical than ever.

Subscribe to out YouTube Channel
Share this:
See also:

Process engineering plays a pivotal role in industries such as chemical, oil and gas,
petrochemical, and pharmaceuticals. It encompasses designing and optimizing

processes that convert raw materials into valuable products.

As the backbone of a project, process engineers collaborate closely with various
disciplines, including piping, instrumentation, and mechanical engineering. Their primary
objective is to ensure the project adheres to safety, environmental standards, and
profitability goals. You can check out this article to gain a deeper understanding of the

role of a process engineer and their key responsibilities and explore their main activities.
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In this article, we will focus on the critical first step in any project: plant simulation. By
developing a comprehensive and optimized process simulation, process engineers
significantly impact downstream process activities and subsequent engineering tasks. A
proper process simulation results in an efficiently functioning plant that remarkably

meets project objectives.

Role of Plant Simulation within a Project

Plant simulation allows process engineers to create a virtual representation of the plant
process, thereby, we can figure out what we need to achieve the target of building the

plant.

Through a proper process simulation, we can know what pieces of equipment are
required, their expected inlet and outlet flow rates, or in other words, capacities, fluid
compositions, physical properties, and the operating pressures and temperatures at

each piece of equipment.

Knowing this information is essential for carrying out all the downstream activities. For
example, when we know the flow rate and physical properties, we can begin sizing
activities of equipment and piping. Through the fluid composition, we can know the

material of construction of different process components.
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Operating pressure and temperature are also essential to carry out hydraulic
calculations and equipment selection. In addition, specifying the correct pressure and
temperature ensures proper mechanical design and selection of equipment, piping, and

instruments.

If the plant simulation isn’t carried out properly, this would severely affect all these
activities, which means that all these activities should be revisited. Otherwise, this can

lead to oversized or undersized plant components and even safety issues.
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Common Process Simulation Software
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Plant simulation is carried out using proven software dedicated to this task. Several
process simulation software packages are available in the market, each with its unique
set of features and capabilities. These software packages enable process engineers to

develop comprehensive and accurate models of the plant and its processes.

Through a robust set of features and capabilities for both the design and optimization of
steady-state processes, particularly those that involve complex reactions and
separations. Efficient simulation software offers an extensive library of thermodynamic
models and property estimation methods, which are essential for accurate process

modeling.

Some of the most widely used modeling software tools include:

Aspen Plus: mostly used for chemical industries

HYSYS: mostly used in gas plants and in many other processes

PROII: mostly used in refining processes
And even others!

Factors to consider in process modeling and
simulation
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When carrying out process simulation, we must handle the input data with high care.
This is because the data we input to our model will highly affect the output results. If
we enter exaggerated or distorted data, this can lead to extreme conditions that are
difficult to handle by equipment or lead to modes of operation that won’t occur in
reality, which may lead to a plant that is sized based on false data. This can cause
many issues such as undersized equipment, wrong materials of construction, an

operation that cannot be achievable, ..etc.

=
J S0
[
® = =
S8 ch3 549 L =2
I 01 s
- Cb
; Ebﬂ £ar
S 36 18 WA ;’mw

= ABLY h
504 J
= p—>——————>—
—— d - X
506 Vi 5407 ] s
S03 |
=
\ = £01
Seron 1,55 L 54 A =
505

000w

BOOSTRAND.COM/CHEME

So let’s dive into the main input data to a process simulation software:

a. Feed composition and physical properties

The composition and physical properties of the feedstock play a crucial role in the

accuracy of process models and simulations.
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Examples:

e Ensuring accurate and up-to-date information on the feedstock’s composition.

e |Impurities should be well recognized as they can affect the plant operation and
may lead to adding new equipment to get rid of them.

e Proper fluid package relevant to the feed type should be well chosen. The fluid
package shall affect the output physical properties such as density, viscosity, and
thermal conductivity. This shall highly affect the sizing and type selection of
equipment, instruments, and piping.

b. Product specifications

Product specifications are another important factor when developing process models
and simulations. These specifications define the desired quality and properties of the
final product, and process engineers must ensure that the process is designed and

operated in @ way that meets these requirements.

Examples:

e A product purity of 95% may lead to much simpler tower configuration than a
target priority of 99%.

e Or if we want a target pressure at the battery limit of the plant to a downstream
facility of 20 barg. This can lead to more compression stages than a target
pressure of 15 barg, for example, which means more compressor coolers and
receivers.

By incorporating product specifications into the process models and simulations, process
engineers can evaluate the impact of various process alternatives on the final product

and select the best option.

c. Available Utilities
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The availability and cost of utilities such as electricity, water, and steam can
significantly impact the design and operation of the plant. Process engineers must
consider these factors when developing the plant model, as they can influence the
selection of equipment, operating conditions, and overall plant performance. By
considering available utilities, process engineers can optimize the plant’s energy
consumption and minimize operating costs, while ensuring that the plant meets its

production requirements.

Example:
Steam availability, so if we need to heat a fluid, is there steam available to use? If it is
not available, shall we consider a new steam system to heat our fluid? Or we would

need to look for another alternative, such as hot oil or electric heating for example?

d. Ambient conditions

Ambient conditions, mainly temperature, can also impact the performance of the plant

and its equipment. Another famous example here can be the

Example:

Use of air cooled exchanger: If we need to cool a fluid, shall we cool it by air or by
water or by both? If there is enough temperature difference between the air
temperature and the target temperature we want to reach, then we may think about

an air cooler. | have made an article about

when to use an air cooled exchanger versus a water cooler
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, you can check it out if you like.

Simulation Software Main Output

So what are we expecting from a process simulation? Process simulation software

packages generate several essential outputs, let’s check them out:

a. Process Flow Sheet

The process flow sheet is a graphical representation of the plant and its processes,
illustrating the flow of materials and energy through the various unit operations.
Through the flow sheet, we can see the equipment we need, and the purpose of each
one. We can also have a preliminary process scheme that shall be the base of the

Process Flow Diagram (PFD).

b. Heat and Mass Balance

Heat and mass balance is a fundamental output of process simulation software,
providing a detailed account of the flow of materials and energy throughout the plant.
Through the Heat and Material Balance (HMB) Table, we know each process stream’s
expected flow rate and operating conditions. We can use this data to carry out sizing

activities of piping, check plant hydraulics, and specify instrument process data.
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c. Equipment Design Parameters (e.g. exchanger duty,
tower tray profiles, inlet and outlet streams, etc.)

The equipment design parameters are another essential output of process simulation
software, providing detailed information on the design, operation, and performance of

various equipment within the plant.

Examples:

e exchanger duty

e tower tray profiles

e inlet and outlet streams
e and even more.
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By analyzing this data, process engineers can optimize equipment design and selection
of main type and internals, ensuring that each piece of equipment shall achieve its

function in harmony with other plant components.

Master Hydraulics as a Chemical/Process
Engineer (4 in 1 Course)

Understand the hydraulics of pipes, pumps, compressors, and control valves as a

process engineer.

d. Identifying Operating Cases / Scenarios

When carrying out process simulation, a process engineer should consider all the plant’s
expected operating scenarios (also known as cases). For example, feed temperature
may be higher in summer than in winter. This can affect lots of factors that shall impact

downstream activities.

Examples:

e Maybe we fear very high viscosity or reaching the fluid pour point. This can
drastically affect pump selection, pipe sizing, heat transfer equipment, ...etc.

e In summer, air and water coolers will perform worse than in winter, and so on.

e Fluid compositions: The feed gas contains more light ends in some cases than in
other operating cases. This can highly affect the capacity of the tower overhead
system, compressor capacities, ...etc.

So here, a process engineer should be aware of all expected scenarios to ensure that all

downstream activities are carried out on a solid basis.
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Next step: Creating process flow diagrams
(PFDs)

Process flow diagrams (PFDs) are graphical representations of the process flow sheet,
illustrating the flow of materials and energy through the various unit operations. PFDs

are an essential tool for process engineers, as they visually represent the whole process.

The creation of PFDs is a critical step in the project, especially during early project
phases, as it enables process engineers to communicate the process design and
operation to other engineering disciplines and stakeholders, such as operators,
maintenance personnel, and management. PFDs also serve as a basis for developing
piping and instrumentation diagrams (P&IDs), which provide a detailed representation of
the plant’s equipment and instrumentation, based on which other discipline activities

are carried out.
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Conclusion

Plant simulation is an indispensable activity carried out by a process engineer, offering
numerous benefits such as reducing the time and cost associated with process
development and optimization. Common process simulation software packages such as
Aspen Plus, PROII, and HYSYS provide process engineers with comprehensive and
accurate models of the plant and its processes, which serve as the foundation for a

successful project.
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Process modeling and simulation require process engineers to consider several factors,
such as feed composition and physical properties, product specifications, available
utilities, and ambient conditions. By accounting for these factors, process engineers can
develop accurate and reliable process models and simulations that reflect the real-world
operating conditions of the plant. The creation of PFDs is a critical step in the process
modeling and simulation process, providing a visual representation of the process design

and operation and a basis for P&ID development.

Overall, the role of process engineers in process modeling and simulation is critical,
enabling the successful design, optimization, and operation of processes that produce

valuable products while minimizing costs and energy consumption.
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So we started our project, we carried out our plant simulation activities, and we
modeled different cases using simulation software. Now, it’s time to wrap up all that we
have modeled. This is an essential step in order to move forward in the project. Here

comes the role of a Process Flow Diagram (PFD).

A Process Flow Diagram is a schematic representation of a process, illustrating the main
plant data and serving as the foundation for developing Piping and Instrumentation
Diagrams (P&IDs). It plays a vital role in the overall process design, providing engineers
with a visual representation of the process and aiding in identifying and analyzing

various process parameters.
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In the world of engineering and industrial processes, the creation of a Process Flow
Diagram (PFD) is a crucial step in designing and understanding the system. Based on a
PFD, project workflow is transferred to a more critical stage. This is because it is
considered the official document summarizing all the results we had from plant

simulation, so we can now unlock our downstream process activities.

In this article, we will delve into the significance of PFDs, their relationship with process

simulation, the data they encapsulate, and their role in creating P&IDs.
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PFD as a Key Document
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A Process Flow Diagram serves as a key document that provides a high-level overview
of a process. It showcases the main plant data, including the major equipment and

process streams, allowing engineers to understand the overall process configuration.

As we have explained before, PFDs are essential during the conceptual and preliminary
design stages. This is because they help define the project’s scope and determine the

equipment required for the process.

Moreover, PFDs serve as the foundation for developing detailed Piping and
Instrumentation Diagrams (P&IDs), which contain more specific information about the

process. Based on P&IDs, non process disciplines can start their work.

PFD is Based on Process Simulation Output

The creation of a PFD is typically based on the output of process simulation software.
We have discussed plant simulation’s role in a project in the previous article. In a
nutshell, process simulation involves using specialized software to model and analyze
the behavior of a process under various operating conditions. It takes into account
factors such as fluid properties, heat transfer, mass balance, and reaction kinetics to

simulate the process behavior accurately.
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The simulation software provides valuable data used to construct the PFD. So based on

the simulation output, we can get a simplified process flowsheet showing all necessary
equipment, and we can get the heat and mass balance output table. In most projects,
we have multiple process simulations based on different operating cases. So we want to

show this output in one document.

So here, the simulation output shall be reflected in the PFD so that it can serve

downstream activities.

Data shown on PFD

So what are we expecting the PFD to show? Let’s see:

Equipment Representation
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A Process Flow Diagram provides a comprehensive view of the major equipment units
involved in a process. For instance, in a chemical manufacturing plant, the PFD may
include reactors, distillation columns, pumps, heat exchangers, and separators. Each
equipment unit is represented by a unique symbol on the PFD, accompanied by relevant

information such as size, capacity, and operating conditions.

So, for example, if we are dealing with a tower, a PFD typically shows the operating
pressure and temperature of the top and bottom sections. For heat transfer equipment,
we show the inlet and outlet temperatures. For a8 pump, we sometimes show the pump

volumetric flow rate.
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This visual representation allows engineers to analyze the overall process configuration
and make informed decisions regarding equipment selection, placement, and sizing. By
showing the overall process scheme, we can start evaluating the expected operating
scenarios and process upsets that shall occur. This shall be further analyzed when

developing the P&IDs.

Process Stream Analysis
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Process streams are the lifeblood of any industrial process, carrying materials, energy,
or information throughout the system. A well-constructed PFD provides detailed
information about the main process streams, including their names, compositions, flow
rates, and temperatures. Although a PFD may show the main process conditions of
important streams, the stream data are usually accompanied by heat and mass balance

tables attached to the PFD.

Let’s consider an oil refinery as an example. The PFD would display the various streams
involved, such as crude oil, intermediate products, and finished products. By analyzing
flow rates and physical properties of these streams, we can identify bottlenecks and

ensure proper downstream equipment and pipe sizing activities.

Master Hydraulics as a Chemical/Process
Engineer (4 in 1 Course)

Understand the hydraulics of pipes, pumps, compressors, and control valves as a

process engineer.

Process Control

A Process Flow Diagram (PFD) goes beyond a flowsheet output from simulation

software by incorporating control loops.
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So, for example, a PFD shows the process parameters that we shall control, such as
pressure, temperature, level, and flow rates. In addition, it shows the behavior of the
control loop, whether it shall be feedforward or feedback, or cascade, or if there is a
low signal selector, a custom function such as summation of 2 flow sources or ration
control,..etc. If you like to know more about the factors that affect choosing the control

scheme, you can check out this article.

By choosing the optimum control parameter, the PFD assists in establishing effective

control strategies to ensure that the process operates within specified operating limits.

In addition, a PFD also shows manual control. This is not the common case. But if, for
some reason, there is a specific parameter that is controlled manually by the operator,
then the PFD shall show the manual valve and the instrument from where the operator

shall see the reading.

Reflecting the control schemes on a PFD gives engineers and operators a holistic
understanding of the process dynamics. In addition, this optimizes control strategies for

efficient and safe operation.

Modes of Operation

By including utility information in the PFD, engineers can assess energy requirements,
identify opportunities for heat integration, and optimize utility consumption to minimize

energy costs and environmental impact.
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Understanding the modes of operation is essential for optimizing process performance
and ensuring safe and reliable operation. The PFD captures this information, indicating

whether the process operates continuously or intermittently.

Let’s consider an example of pressure swing adsorption process, this is a semi-batch
process. So sometimes we are having a bed in adsorption modes. The bed is then
saturated. So the inlet and outlet valves positions are switched in order to start bed
regeneration. For the other bed, it’s now regenerated, so the position of its inlet and

outlet valves are also switched to start adsorption mode.

So here, although the PFD doesn’t show manual or on-off valves, both beds’ inlet and
outlet valves are commonly shown with the required positions. This is because they are

part of the operation.

The PFD would outline the different stages of the batch process, including charging,
reaction, separation, and product storage. This information helps engineers design
appropriate control systems, establish operating procedures, and optimize cycle times

for efficient batch production.
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Utilities and Energy Management
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Utilities play a critical role in energy management and overall process efficiency. That’s
why a process engineer should clearly understand the utilities used. For instance, when
considering a water cooler in a PFD, it should consider the maximum inlet temperature
of cooling water. So if the plant has cooling water available at 25 C, we can’t use
cooling water to cool a fluid down to a temperature less than this temperature. On the
contrary, we should consider a reasonable temperature approach for the outlet fluid

temperature.

If we are using steam for heating or stripping operations, then the PFD should consider
the operating pressure of the available steam and whether it is saturated or

superheated.

So a PFD should be in harmony with the available plant resources. If the available
utilities cannot fulfill the PFD requirements, we may need to look for other solutions.
Otherwise, we may find ourselves adding new utilities, increasing the overall project

cost.

PFD is the Base for P&ID Development

The Process Flow Diagram serves as the foundation for creating detailed Piping and
Instrumentation Diagrams (P&IDs). P&IDs provide a more comprehensive representation
of the process, illustrating the specific piping arrangements, instrumentations, control

systems, and safety measures.
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For example, a PFD for a wastewater treatment plant would show the general flow
path and major treatment units. Based on this PFD, engineers can develop P&IDs that
outline the precise piping connections, instrumentation locations, and control loops for
each treatment unit. The PFD acts as a reference, ensuring that the P&IDs accurately
reflect the overall process configuration and facilitate the smooth operation and

maintenance of the plant.
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Conclusion

Process Flow Diagrams (PFDs) play a pivotal role in process design activities. They
provide a visual representation of the process, encompassing information about

equipment, process streams, utilities, and modes of operation.
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By analyzing the PFD, engineers can understand the plant’s operation modes, carry out
sizing activities, make informed decisions regarding equipment selection, manage
utilities effectively, and develop detailed Piping and Instrumentation Diagrams (P&IDs).
The accurate representation of the process through PFD promotes efficient

communication, process optimization, and safe operation in various industries.
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