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Introduction
Chemical Manufacturing is no longer an option. It's a necessity. Why?

Because you can’t think of modern life without the products of the

Chemical Industry. But how?
Chemical Industry Products

Because most of the products today are made directly or indirectly by the
chemical industry. Many products can’t be made without the input from

the Chemical Industry.

Let's see how:

Active pharmaceutical ingredients in the Medicines, which actually
fight with the diseases are made in Chemical Industry.

e Polymers and monomers are made in Chemical Industry. Without
them the polymer based industries like plastic, rubber, and

synthetic fiber wouldn’t have been possible.

e Agricultural efficiency depends on agrochemicals and fertilizers.
And these products are made in Chemical Industry.

e The color of today’s colorful world are due to the Chemical
Products - Dyes and Pigments.
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e A host of Industrial Chemicals are made in Chemical Industry
without which many industries will have to stop their operations.

e Consumer goods like Cosmetics, Cleaning agents, Adhesives,
Disinfectants and many more essential products wouldn’t have

been possible without the inputs from Chemical industry.
In short, the modern world can’t sustain without Chemical Manufacturing.

But when you talk about chemical manufacturing you need to think in
totality. In fact, chemical manufacturing is a mixed blessing. On the one
hand there’re difficult challenges to address and on the other hand ample

opportunities are there to utilize.
Efficient Chemical Manufacturing

Even if there’re difficult challenges to address, we don’t have any other

option. Chemical manufacturing is necessary.
The only way remains is to make Chemical Manufacturing Efficient.
Imagine a situation with chemical manufacturing where:

e The manufacturing facility is so efficient that you can meet the
market demand of high quality products at low price. That’s the

reason why your market leadership is unchallenged.
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e Thanks to the selection of products and processes along with
optimized manufacturing processes, your manufacturing
performance is much better than others. No wonder the profit

margins are much higher than the industry average.

e You've made your customers satisfied to such an extent that
repeat orders have become common. That’s precisely the reason

why you’re planning to expand your business in a big way.

e You’re able to comply with the pollution control requirements

economically.

e Thanks to the effective Safety Management System along with
proper plant design and efficient operations, your manufacturing

facility is inherently safer and accident free.

e You're going on adding manufacturing facilities one after another
in order to cater to the hungry market. And your efficient project
engineering and management team ensures that you complete the
projects before schedule and below budget. In fact, you're able to

achieve hundred percent capacity utilization from the day one.

It's not just an imagination. It's possible. And many industrial leaders
have already achieved and many are on their way to achieve this difficult

target.
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It’s the Techno-Economic Innovations which can help you achieve
extraordinary results in Chemical Manufacturing in spite of the

constraints.
So how can you achieve it?

When you approach each and every business functions in the right way

to make them efficient, it becomes possible.

In fact, application-oriented knowledge which can help the industry
professionals do their functions efficiently is of utmost importance.

Chemical Industry Professionals and Industrial Leaders can play a very
important role to make the knowledge available and ensure it's proper

application.

This ebook covers those areas which can help the Chemical Industry

Professionals become efficient.
What will we Cover

First of all you need to have some idea about the chemical industry. How
the products are made. What kind of manufacturing facilities are
required? What are the important industrial functions? We’ll discuss

about these in the first chapter : Know about Chemical Manufacturing
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Once you’re aware about the details of chemical manufacturing you need
to know about the challenges and the opportunities. Then only you can
do something about them. We shall get into the details in the second
chapter : Chemical Manufacturing is a Mixed Blessing

Irrespective of whether you're interested in solving industrial problems or
encash the opportunities you need to do technical evaluation of the

manufacturing processes. And you’ll need technical tools to do that.

These technical tools will not only help you evaluate the processes but
also making chemical manufacturing efficient. We shall discuss about
those powerful technical tools in the third chapter : Utilize the Technical
Tools

Most of the chemical manufacturing depend on Molecular Conversion.
The molecules of the raw materials get changed to the product

molecules.

That’s why it's necessary to use optimization to make the conversion
processes efficient. We shall see how to do that in the fourth chapter :

Molecular Conversion Processes

Only making the product molecule is not enough. The product molecules
need to be separated from other undesired molecules and purified

efficiently. Why?
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Because then only you can make the final products as per the customer
requirements. We shall discuss how to make the separation processes

efficient in the fifth chapter : Separation Processes

For efficient manufacturing operations — be it the molecular conversion or
the separation processes - you need suitable equipments and systems to

carry them in the plant scale.

In fact well designed and well maintained equipments and systems are
essential for excellent manufacturing performance. We shall get into the

details in the sixth chapter : Chemical Plant EQuipments and Systems.

Chemical plant can’t run without utilities. Suitable utilities are necessary

for manufacturing operations.

Not only the generation but also the supply and distribution of the utilities
must be efficient. We shall see how to do that in the seventh chapter :
Utility Generation, Supply, and Distribution.

Chemical manufacturing is resources intensive. We use various types of

resources in the manufacturing facility.

Optimum usage and wastage reduction can make the business profitable
and sustainable. We shall get into the details in the eighth chapter :

Utilization and Conservation of Resources.

Complying with the Pollution Control requirements is a must for the

Chemical Industry to save the environment from adverse impacts.
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Waste management comprising of reduction and treatment with an
integrated approach can help. We shall discuss about it in the ninth

chapter : Integrated Waste Management

Sustainable business growth is the outcome of efficient chemical
manufacturing. You need to go on adding manufacturing facilities to meet

the market demand.

And it's possible only when the project engineering and management
function is efficient. Let’s see that in the tenth chapter : Project

Engineering and Management

When you apply the knowledge and utilize the powerful technical tools to
operate the manufacturing facility, the manufacturing performance
improves. We’'ll discuss about them in the eleventh chapter : How To

Improve the Manufacturing Performance.

Now the most important question is how to make it happen in the
organization. Unless it's implemented properly there’ll be no value
addition. Effective Training Programs and Integrated Evaluation and

Enhancement of the manufacturing facility can help.

Industrial leaders can play a very important role to improve the

organizational culture.

It's important to decide on the action plan. We’'ll discuss about that in
twelfth chapter : Action Plan to Make Chemical Manufacturing
Efficient.
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Application oriented knowledge is essential to make the Chemical
Manufacturing Efficient. Improvements of all kinds can add value. When it
comes to the utilization of knowledge based on techno-commercial
expertise and industrial experience the value addition gets maximized.

So let’s start. Enjoy learning!

Email this ebook freely to your friends and the people who can benefit

from it.
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INTEGRATED TECHNICAL TRAINING

(Chemical, Pharmaceutical, and Other Process Industries)

Effective Technical Training is Not an Option. It's a Must. Why? Because
It's to Avoid:

e Thinning Down of the Profitability due to Low Productivity and
Production Bottlenecks

e Inferior Product Quality in spite of High Manufacturing Cost

e High Resources Consumption leading to Reduced Profit Margins

e Expensive Operational Mistakes resulting in Huge Losses.

e Non Compliance of Pollution Control requirements in spite of Huge
Investments and High Waste Treatment Costs

But it’s a Difficult Challenge to Address. Why? Because...

e It's Technically Complex. it calls for Technical Expertise and
tremendous Industrial Experience.

e It's Not a One Time Work. The Operation must be perfect every time.

e It's Not for a Selected few. It's for All Concerned

Industry Professionals Must be Trained so that they can perform their
jobs Efficiently. Effective Technical Training is the Only Solution.

Leading Chemical, Pharmaceutical, and other Process Industries
are Already taking the Advantage of Periodic Technical Training.

Perhaps you can consider our Integrated Technical Training

Programs

Email us at rom.innovations@gmail.com for more details.
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EFFICIENCY ENHANCEMENT

(Chemical, Pharmaceutical, and other Process Industries)

It's possible only when you address the Industrial Challenges Effectively
like:

e Achieving Profit Maximization in spite of High Resources Costs.
e Manufacturing Highest Quality Products at Lowest Cost
e Complying with Stringent Quality System Requirements

e Technological Development to Prepare the Organization for the
Future

e Complying with Pollution Control requirements Economically
e Ensuring Safe Industrial Operations

e Achieving Project Success in spite of Difficult Business
Constraints

However addressing these Difficult Challenges calls for Technical
Expertise and tremendous Industrial Experience.

Perhaps you can consider our End-to-End Technical Support.

Email us at rbom.innovations@agmail.com for more details.
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Know about Chemical Manufacturing

If you’re want to succeed in chemical industry you must learn as much as
you can about chemical manufacturing. What kind of manufacturing
processes are utilized? How the manufacturing processes are carried out
in commercial scale? What kind of manufacturing facilities are essential

to manufacture the products efficiently?

But before getting into the details you must have some idea about the
manufacturing processes. Why? Because almost all aspects of chemical
manufacturing depend on the specific details of the manufacturing

processes you’re utilizing.
Chemical Manufacturing Processes

If you focus on chemical industry products, you'll observe five different

manufacturing processes. Let’s list them down.
e Chemical Synthesis
e Fermentation
e Enzymatic Processes
e Extraction from Natural Sources

e Chemical Formulation
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Chemical Synthesis

When you make changes in the raw material molecules to make products
it results in molecular transformation. The molecules are no longer the

same. They get changed.

You can use chemical reactions to bring about the changes in the
molecules. We call it chemical synthesis. You're in fact synthesizing new

molecules by using the power of chemical reactions.

If you focus on the manufacturing processes used in the chemical

industry you’ll observe an important fact.

A large chunk of chemical industry products are made by chemical

synthesis.

There’re different types of reactions to make different products. Each
reaction has it's own optimum conditions. But only molecular conversion

is not enough. Why?

Because the product molecules are still in the reactor along with other
undesired molecules. You need suitable separation processes to recover

them and process them as per the customer requirements.
Fermentation

Sometimes the molecules are too complex. And the chemical synthesis
fails to achieve required molecular transformations economically. In such

cases you can utilize the power of the fermentation technology.
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Specialized microorganisms are grown in the Fermentors under
optimized process conditions to make those molecules. Different types of

microorganisms are used for different products.

Once the fermentation processes are over, proper recovery processes
are used to recover and purify the products in order to meet the customer

requirements.
Enzymatic Process

Do you know why the biochemical reactions in the body of the living
organisms are perfect? It's because of the Enzymes which are

Biocatalysts.

They make the complex reactions possible in a living body under normal
conditions. No extreme process conditions. No requirement of hazardous

chemicals. And the output is perfect.

That’s precisely the reason why we use enzymatic processes for making
chemical products especially which are difficult to make by chemical
synthesis. Sometimes a combination of enzymatic processes and

chemical reactions are used to make the molecules.
Extraction from Natural Sources

Natural sources like plants contain many useful chemicals. All parts of

the plant like leaves, seeds, fruits, flowers, and barks are used.
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In many cases it’s very difficult to synthesize them by using manmade
processes. So it becomes economically efficient to get them from the
natural sources. Of course it's important to ensure that the separation

process yields good quality products.
Chemical Formulation

Chemicals need to be useful to the society. But the customers ask for
many features in the products. Different chemicals can perform different
functions. So in most of the cases no single chemical molecule can meet

all the requirements of the final product.

As a result the only way left is to mix different chemicals. They carry out
different functions. Of course some components in the mixture do the
major job while others help in meeting minor requirements. We call these

chemical mixtures Chemical Formulations.

In a Chemical Formulation, individual components never react with each
other. The proportion in which they’re blended is based on the
requirements. The idea is to make the Chemical Formulation effective for

the application it is designed for.

Irrespective of the manufacturing processes utilized you need a well-
designed chemical manufacturing facility to make the products at

commercial scale.
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Chemical Manufacturing Facility

The design of chemical manufacturing facilities depend on the type of the
products to be made, manufacturing processes used, and the scale of
operation.

Of course, the requirements vary from facility to facility. But there’re some

critical requirements every chemical manufacturing facility must fulfill.
Raw Materials Storage

Raw materials are critical for chemical manufacturing. They’re basically

of three types:
e Solid raw materials
e Liquid raw materials
e Gaseous raw materials

Of course their storage details are different. But with most of the chemical
industry raw materials there’re issues with respect to the shelf life and

hazardous nature.

So it becomes necessary to store them in proper way considering safety

and environmental aspects along with ease of handling.
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Production Facility
The production facility must have three critical plants:

e Intermediates Plant : In most of the chemical manufacturing
processes intermediates are made separately. It helps in
optimizing the resources and making the manufacturing cost-

effective.

e Final Products Plant : Manufacturing of the final product start
with the intermediates. The manufacturing processes are

optimized to achieve the product quality customers want.

e Formulation Plant : Sometimes single molecule finished products
doesn’t meet the customer requirements. It calls for blending with
other chemical ingredients to make suitable formulations. Of

course, it's optional.

Of course, the arrangements will vary based on the product types as well

as the scale of operation.
Solvent Recovery Plant

Most of the chemical manufacturing processes use solvents of different
kinds. Solvents are used in chemical reactions, separation processes and

even in formulations wherever necessary.
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Though the solvents are critical to the manufacturing processes, they’re
expensive. So it becomes necessary to recover them from the spent

streams and recycle in the manufacturing processes.

That’s precisely the reason why you need a well designed solvent
recovery facility to recover the solvent and give it back to the

manufacturing processes.

And the quality of the recovered solvents must meet the specifications so
that the finished product quality doesn’t get affected. The solvent

recovery plant design and the recovery processes must ensure that.

The solvent management including the usages and recovery need to be

efficient in order to avoid losses and minimize the solvent consumption.
Utility Supply

Most of the chemical manufacturing processes need multiple utilities. So
it becomes necessary to generate, supply, and distribute utilities as per

the process demand
Electrical Power

Electrical power is essential for most of the chemical industry. It's
necessary for all most all parts of your manufacturing facility including the

utility generation.
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So well-designed electrical power supply system considering electrical
safety and energy efficiency is essential for efficient chemical

manufacturing.

Most of the larger chemical manufacturing facilities generate their own

electricity.
Water Plant

There’s hardly any chemical manufacturing which can operate without

water. Most of the areas in the manufacturing facility need water supply.

So it becomes necessary to store, purify and supply water to various

parts of the manufacturing facility.

Due to the water scarcity the recovery and recycling of water along with

other water conservation measures are getting more and more important.
Waste Treatment Facility

In most of the cases chemical manufacturing generate wastes which can

impact the environment adversely.

You can reduce the waste generation, but you can’t avoid waste
generation completely leaving aside some special cases where no waste

gets generated.

That’s why it becomes necessary to treat them in order to make them

harmless to the environment.
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There’re many other areas important in a chemical manufacturing facility.
They’ll vary according to the type of the products, the manufacturing

processes utilized, and the scale of operation.

However chemical manufacturing has got it's own challenges as well as

opportunities. So it's important to know about them.

Let’s discuss about the them in the next chapter...
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Chemical Manufacturing is a Mixed Blessing

You'll agree with me in that the gifts of Chemical Industry to the modern
world are immense. The contributions of the chemical industry towards

the quality of life we enjoy today is absolutely clear.

But the coin has two sides. Every good thing has some bad attributes.
Chemical industry is no exception. As we’ve already discussed there’re

incredible opportunities as well as difficult challenges to address.

Let’s get into the details of the challenges so that we can think of doing

something about them.
Difficult Challenges to Address

e Because of the tough global competition in the market the
customers have become very demanding. Now they want highest
quality products at lowest price. And they’ve got options. But
looking to the complexities of chemical manufacturing you know

how difficult it is

e Industrial competitors are flooding the market with high quality
products at unbelievably low prices. They’re using the power of
advanced technologies and taking the advantage of higher scale
of operation to reduce the manufacturing costs significantly. It has

become really difficult to compete in the market place.
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e The chemical industries generate significant amount of wastes.
Due to the polluting nature of the wastes, the environment is
getting impacted badly. It has caught the attention of the pollution
control authorities. That’s the reason why they’re tightening the
laws for effective control of the pollution levels. And it's necessary.
Otherwise, what kind of world we want to leave behind to our next
generations? We need to comply with the requirements, even if

both capital investments and the operating costs are high.

e The cost of resources are going up day by day. Be it the raw
materials or the manpower cost — everything is going up. The
profit margins are thinning down dangerously. It has become very

difficult to maintain the profitability.

e It has become very difficult to comply with the quality system
requirements. In order to ensure high product quality, the quality
regulators are making the requirements stringent. And due to the
global competition, the market place has become quality
conscious. So effective implementation of the quality system has

become a necessity even if the costs are very high.

e High project failure rates have become very common in chemical
industry. Cost overruns, project delays along with teething
problems have made the project engineering and management

very challenging. Business growth is getting affected adversely.

But that doesn’t mean everything is bad with the chemical industry.
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There’re many good aspects. Let’s talk about the incredible opportunities

the Chemical Industry offers so that we can take advantage of them.

The Opportunities to Encash

Wide varieties of profitable products are already available with the
Chemical Industry. And many more high profit chemical products
are getting added to the long list. So it's possible to select the right
products based on the resources available to you and the

organizational objectives.

The products of chemical industry are serving the society by
fulfilling the human wants. Most of the products available in the
market are manufactured with the input from the chemical
industry. That’s precisely why there’s high demand for chemical
industry products. You can expand the manufacturing capacity

and achieve rapid business growth.

Many powerful technologies have already been developed and
many are getting developed to address each and every challenge,
the industry is facing. And they’re effective enough to exploit the
opportunities. In fact, as far as the technologies are concerned we
are passing through a golden phase and it's going to last for a long

time.

© Copyright 2022 By Rasa Bihari Mishra 27



How To Make Chemical Manufacturing Efficient Rasa Bihari Mishra

Techno-Economic Innovations

Irrespective of the challenges and the opportunities chemical

manufacturing is essential for the modern world.

So we don’t have any other option than to address the challenges
howsoever difficult they may be. And we need to utilize the opportunities

in order to make chemical manufacturing profitable and sustainable.
But how to do that?

In this sort of industrial situation Techno-Economic Innovations can be
effective. Why?

Because Innovation Initiatives can only make the processes and systems
efficient. When all the critical manufacturing processes are optimized to

function efficiently things start improving. Problems become very rare.

As we’ve seen there’re many difficulties and resource constraints as far
as chemical manufacturing is concerned. But the most important
requirement is to get desired output from the existing resources in spite

of the difficulties and resource constraints.

In fact, Techno-Economic Innovations can help you achieve

Extraordinary Output from Ordinary Resources.

But one of the major challenges industrial leaders are finding is to start

the Improvement Process.
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However before you can improve anything you need to know about the
details about the actual issues. You need to evaluate the processes and

the systems.

That’s precisely the reason why you must apply powerful Technical Tools

for detailed Technical Evaluation.

You’'ll need these Technical Tools not only for finding the Gaps but also
for making significant Improvements in the Systems and Processes

related to Chemical Manufacturing.

Let’'s know about them in the next chapter...
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Utilize the Technical Tools

Irrespective of whether you want to solve chemical manufacturing issues
or interested in improving the processes, you need to evaluate the
processes. You need to know what'’s really happening in the

manufacturing processes.

Here you see the importance of the Technical Tools. They’re powerful
enough to not only help in evaluating the manufacturing processes but
also achieving significant improvements in all aspects of chemical

manufacturing.

You’re using huge quantities of materials in the plant. But you don’t know
what’s happening to them. Will it not be wonderful if you know which

material is going where? Well, Mass Balance can help here.
Mass Balance

The output will depend on the input. The total quantity of output will
exactly match with the input quantity in any system or process. Chemical

Industry is not an exception.

In any chemical manufacturing process, the input mass will be equal to
the output mass. Of course, the physical forms — solid, liquid, and gas —

may change. But the total mass will remain same.
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Where there’s chemical processing the molecules may change. But the

number of specific atoms will remain same. And so the total mass.

In a chemical manufacturing process the raw materials are processed to
get the finished products. Sometimes there’s only physical change and
sometimes there’re molecular changes. Whatever be the process the

total mass remains constant. It doesn’t get created or lost.

Mass Balance takes advantage of this concept. When you do detailed
calculations across the manufacturing processes you come to know a lot
about them. It helps a lot to identify the loss areas so that you can do

something about them.

Mass Balance is powerful enough to improve the chemical manufacturing
processes. You can enhance it's usefulness further by adding two

important attributes:

e The first one is to incorporate the costs along with the quantities.

It'll result in Value based Mass Balance.

e And the second aspect is to incorporate the atomic balance. Once

you look for the atoms the Mass Balance will become more useful.
Mass Balance can give you an idea about what happens to the materials.

But what about the energy. You're spending a lot on energy. So if you're
interested in knowing whether you’re using the energy efficiently you can

opt for Energy Balance.
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Energy Balance

You can neither create nor destroy energy. Unless you’re dealing with
nuclear reactions total amount of energy remains constant. At the most
the energy can change it's forms like heat energy, potential energy,

electrical energy and so on.

But it has got great significance to the chemical industry. Why? Because
in any industry nothing moves without energy. And when it comes to
chemical industry the importance of energy gets multiplied. It's because

chemical industry uses huge amount of energy in different forms.

Different types of utilities are required to run the chemical processes.
Electrical energy is essential to power the machinery. Every
manufacturing process consumes energy. Of course, the type and
amount of energy varies from process to process. So, when you know
which process consumes how much energy you learn more about your

manufacturing processes.

Energy Balance takes advantage of this idea. You do detailed
calculations and match the outcome with actual measurements. And it
helps you to know how exactly you’re spending the energy. The idea is
to identify the loss areas and improve the process.

Energy Balance is powerful enough to improve any chemical

manufacturing process.
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You can enhance it's usefulness further when you add the cost attribute

to it. I'll help you to know the energy cost of different processes.

Let’s now talk about the Heat Transfer which is of utmost importance to

chemical industry.
Heat Transfer

Each and every step in any chemical manufacturing process happens at
certain temperature. Some steps need low temperature whereas some

need higher temperature.
But how to achieve the temperature?

You can achieve it by changing the temperatures. If you need lower
temperature then you have to cool the materials from their existing
temperatures. And if higher temperature is the need, your have to heat
the materials from the existing temperatures.

So you need to either cool down or heat up. For cooling you need to take
out some heat from the materials. And similarly to heat up you have to

add some heat to the materials.

Heat is a form of energy. Energy can not be created or destroyed. So the
reducing of temperatures and increasing of temperatures call for
transferring the heat energy from one place to another. To cool one
material you have to heat the other. And to heat one material you have to

cool some other material. This is nothing but Heat Transfer.
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But why heat transfer is important?

Because most of the chemical manufacturing processes involve heat
transfer. So if you want to improve the chemical processes you must
make the heat transfer efficient. Heat transfer depends on many
parameters. If you evaluate the situation and optimize the parameters

meticulously you can make it efficient.

Another very powerful technical tool is Mass Transfer. Let’'s see why.
Mass Transfer

Mass transfer deals with the movement of materials from one area to
another. But the question is why it happens. There must be some

reason. Right?

Where there’s a difference in the chemical potential there’ll be the

movement of mass.

Molecules will move from the area of higher chemical potential to the
area of lower chemical potential. It's necessary to maintain the chemical
equilibrium and deal with the free energy of the molecules. And it results

in changes in the concentration of chemical components.
But why is it so important?

Mass transfer plays a very important role in the reaction processes. It's

equally important for the separation processes. Why?
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Because in most of the chemical reactions mass transfer becomes
controlling. And similarly mass transfer controls many separation
processes like evaporation, drying, precipitation, absorption, distillation

and so on.

In fact, all most all chemical manufacturing processes involve mass

transfer.

Mass transfer depends on various factors. When you optimize the factors

responsible for efficient mass transfer the processes improve.

If you're interested in achieving significant improvements in the chemical

manufacturing processes you need to focus on the mass transfer.
Now there’s another equally important technical tool — Mixing.
Mixing

Mixing is important in chemical manufacturing. It helps in making non
uniform systems more uniform and heterogeneous systems

homogeneous.

You can mix solid, liquid, or gas into other gas, liquid or solid. Of course

the mixing system design will depend what you're mixing with what.

In most of the chemical manufacturing processes proper mixing becomes
necessary. Mixing helps in heat transfer as well as mass transfer. If you
study the chemical manufacturing processes you’ll find how important it's

to have efficient mixing.
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That’s precisely the reason why whenever you face performance issues
in the manufacturing processes think of mixing. Who knows it may be

due to inefficient mixing.

Various types of mixing equipments are used in the industry. Static mixer
achieves mixing by flow. Agitation is done by using agitators. You may
use different equipments for different applications. But the aim is to

achieve efficient mixing.

If you observe how the mixing systems work, you'll find an interesting

fact.

You need to spend energy to achieve mixing. And to enhance the
intensity of mixing you need to spend more energy. But energy is
expensive. So, you need to optimize.

There’s another Technical Tool based on Mathematic which can help you

achieve the results faster.
Statistical Tools

When you’re manufacturing your products day in day out variations are
bound to happen. Some of the variations may be positive while some of

them may be negative.

You're getting all the information. And most of them are getting recorded.
But do they make any sense? What factors are playing critical role with

respect to the manufacturing performance.
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In fact, only recording the data is not enough. You need to ensure that
they’re correct and relevant. But more important aspect is to analyze
them. Why?

Because only when you analyze the voluminous data effectively, you'll be
able to know what'’s really happening in the manufacturing processes.
Then only you can avoid making assumptions. You'll start making your

decisions based on concrete facts.

But the problem is with sheer amount of data. Unless you use some
really powerful methods it'll become unmanageable. Here comes the

importance of statistical tools.

Statistical Tools use the power of information technology to the fullest.
They’re powerful enough to analyze voluminous data quickly and help

you understand what’s really happening.

If you’re interested in making the chemical manufacturing efficient you
need to accurately take the stock of the situations quantitatively. And you

know the statistical tools can help you a lot here

And once you know about the gaps and improvement opportunities you

can think of optimizing the critical factors quickly and accurately.

But there’s a really issue. How to optimize numerous parameters?

© Copyright 2022 By Rasa Bihari Mishra 37



How To Make Chemical Manufacturing Efficient Rasa Bihari Mishra

The classical optimization processes follow an approach to optimize one

parameter at a time. Two critical issues make this approach inefficient:

e First of all, it's a very slow process. In today’s business

environment if you can’t conclude quickly you can’t succeed.

e Since one parameter is getting optimized, you can’t reach the

global optimum. It's only the local optima is what you can achieve.

Statistical tools overcome these limitation by using powerful algorithms
and can be very useful in plant conditions where you need quick

conclusions.

You can use the Chemical Process Simulation Softwares including
Computational Fluid Dynamics for Process Evaluation and Enhancement.

Once you start using these powerful technical tools on daily basis, you'll
see how effective they are. These technical tools will compel you to think
in the right way. You'll start using quantitative information to evaluate and

enhance the chemical manufacturing processes.

Most of the chemical manufacturing processes use molecular conversion

processes. So it becomes important to focus on them.

Let’s see how to optimize them in the next chapter.
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Molecular Conversion Processes
Most of the chemical manufacturing processes involve molecular change.
The raw material molecules are changed to the product molecules.

As we’ve discussed earlier in most of the cases chemical reaction
processes are used. The chemical reactions are carried out in chemical
plants using both batch processes as well as continuous processes.

Types of Chemical Reactions

As far as the types of chemical reactions used in chemical
manufacturing, there’re many. Each reaction type has got it's own
optimums and issues with respect to the reaction parameters, processes,

environmental concerns and safety issues.

That’s precisely the reason why you must study the reactions
meticulously. Then only you can be able to solve the problems and

improve the processes.

There’re many chemical reactions like:
¢ Halogenation
e Nitration
e Sulfonation

e Esterification

© Copyright 2022 By Rasa Bihari Mishra 39



How To Make Chemical Manufacturing Efficient Rasa Bihari Mishra

e Oxidation

e Reduction

e Hydrogenation
e Condensation
e Ammonolysis
e Alkylation

e Hydrolysis

Other Reactions
Please note that there’re many chemical reactions we’ve not mentioned.
Why to Optimize the Chemical Reactions?

Optimization of the Reaction processes is essential. Why? It's because of

five compelling reasons:

e Unless your reaction processes are efficient you can’t expect high

product yields.

¢ Inefficient chemical reactions can result in the generation of
impurities and by-products. So the product quality may get
affected badly.
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e Product degradation depends on how efficient the chemical

reactions are. It can affect the product yield as well as quality.

e Optimization of the chemical reactions can help in minimizing
waste generation. That's how it can help in reducing the pollution

load.

e In most of the cases optimization of the reaction processes results

in significant reduction in the manufacturing cost.
How to Optimize the Reaction Processes

Optimization of Reaction Processes call for a systematic approach.
Identifying the critical parameters and functions and focusing on them

become important.
Some of the major areas you need to focus are:

e Maintaining the process parameters at optimum level is important.
Efficient instrumentation and control systems can help a lot. Of
course, adequate utility supply to meet the process demands is

equally important.

e Study the effect of reaction conditions on the product and the
intermediates meticulously. And optimize them in order to avoid

product degradation.

© Copyright 2022 By Rasa Bihari Mishra 41



How To Make Chemical Manufacturing Efficient Rasa Bihari Mishra

e Reaction conversion is of utmost importance. Utilize the technical
tools like mass balance to know about the actual conversions.
Once you know the gaps you can use the technical tools like heat

transfer, mass transfer, and mixing to maximize the conversion.

e Consistency in reaction output is essential for manufacturing
performance. Make the reaction processes robust so that the
processes will become immune to the deviations and the reaction

output will not get affected.

e Heat Transfer and mixing play a very important role in making the
reaction processes efficient. Optimize them with an integrated

approach.

Once the reaction is over the product will remain in the reactor along with
other reactor contents. So you need use separation processes to isolate
the products from the reaction mixture and purify them. The processes

need to be optimized in order to meet the customer requirements.

Let’s get into the details of optimizing the separation processes in the
next chapter...
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Optimize the Separation Processes

You may use different processes for molecular conversion. But only

achieving the molecular conversion is not enough. Why?

Because once the conversion is done along with the product molecules

there’ll be other undesired molecules in the reaction mixture.

But it's essential to separate the product molecules and purify them in
order to meet the customer demands. Because of that you need effective

separation processes.
Know about the Separation Processes

There’re many separation processes. Which separation process or a
combination is to you can use will depends on the type of the products as

well as the conversion process.

So it becomes necessary to learn about them. You can focus on the

powerful separation processes like:
e Solid Liquid Extraction
e Liquid-Liquid Extraction
e Crystallization

e Filtration
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e Drying

e Distillation

e Absorption

e Adsorption

e Industrial Chromatography
e Membrane Separation

e Other Separation Processes

Each separation process is different. All of them work on different criteria
to achieve separation and purification. That’'s why it's necessary to select
the separation processes based on many factors. The aim is to get
highest separation and purification in minimum steps.

How Efficient the Separation Processes are?

First of all you need to know how efficient are the separation processes
you’re using. Unless you are aware about what kind of output you’re

getting from the separation processes you can’t improve them.

Mass balance is very useful to know the actual Efficiency. Consider the
limitations of the analytical procedures and confirm the results by

comparing with other direct and indirect measurements.
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The output of the mass balance study will tell you about the separation
efficiency. And the most important aspect, it'll show you where are you

losing your products.

The purity of the input and output from the separation processes will
decide what extent of purification you’re achieving. Unless you achieve
the required purity of your products you won’t be able to meet the

customer demands.

Both the separation efficiency and the extent of purification you're

achieving are important. But at what cost?

That depends on the number of separation and purification steps you're
using. And how much product you're finally getting is important. Does it

meet the product quality requirements?
How to Make the Separation Processes Cost-Efficient

Once you know about the separation and purification efficiencies, you

need to think of the corrective actions.
Product Degradation

If the separation efficiency is less, you're losing your products. When it
comes to the loss of products you need to ensure that your products are

not getting degraded. Why?
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Because the product degradation will not only reduce the separation
efficiency but also result in the formation of impurities or undesired

molecules.

And it'll be difficult to achieve the product quality and control the

manufacturing cost.

Avoid or at least minimize the product degradation during the separation

processes.

You need to optimize the process parameters or even change the
separation processes all together to avoid product degradation. It’'s

important.
Separation Efficiency

When it comes to separation processes it's important to focus on
capacity and the product quality. But equally important aspect is to keep

the separation cost at minimum level.

The solution is to optimize the separation processes to make them

efficient.

Detailed study is essential to decide on the improvement initiatives and
make the separation processes efficient. It depends on the actual

situations.
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However you can follow some general guidelines:

e Maintaining the process conditions is important. The requirements
of extreme process conditions will make the processes difficult and

expensive.

e In many separation processes other resources like solvents and
other chemicals are used. Optimum selection and minimizing the
specific consumptions will help in controlling the manufacturing

cost.

e The equipments and Systems used for separation must be energy

efficient.

e The separation technologies need to be selected based on ease of
operation and efficiency.

e Optimum combination of separation processes help in maximizing
the efficiency and minimize the cost. The number of separation

steps must be minimized.

You need to consider many aspects and optimize many factors in order

to make the separation processes cost-efficient.

We've discussed about the reaction processes as well as separation

processes.
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But you need proper equipments and systems to carry out the processes

at the plant scale.

Let’s get into the details of the Plant Equipments and Systems in the next

chapter...
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Chemical Plant Equipments and Systems

Chemical manufacturing is not possible without the chemical equipments
and systems. Only when they’re well designed and well maintained you

can be sure about the manufacturing performance.
Types of Plant EQuipments

Various chemical manufacturing processes need different facility

arrangements. Let’s list down some them.
Reaction Systems

Different types systems are used for carrying out chemical reactions at

plant scale.

When you use catalysts then you have Catalytic Reactors. Of course, the
design must include the arrangements for efficient handling of the
catalysts and facilitates the catalytic reaction.

In most of the cases other equipments and systems are connected along
with different accessories and systems to meet the requirements of the

reaction processes.

As such you can run the reaction processes in batch, continuous or semi-

continuous mode.
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Separation Systems

Different types of systems are used for carrying out separation
processes at plant scale. Batch processes as well as continuous
processes are used. And under each category of separation systems

there’re many variations.
Some of them are:

e Distillation Systems

e Evaporators

e Extractors

e Crystalizers

e Filters

e Centrifuges

e Dryers

There’re many types of separation systems to do justice to wide
variations in the process and product requirements. And most of them
work along with other accessories and systems to meet the requirements

of different separation processes.

If you observe the chemical manufacturing processes you’ll find many

equipments which are utilized for various processes.
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Agitated Vessels

When it comes to heat transfer and especially in batch chemical

manufacturing you can’t ignore agitated vessels.

Agitated vessels are used for many purposes. Be it reaction, separation
or solid mixing agitated vessels are the choice. And that’'s why the design

of the agitators is based on the intended processes.

In most of the cases maintaining optimum temperature is necessary foin
order to make the processes efficient. So you need efficient heat transfer
arrangements. For indirect heating jackets, limpet coils, internal coils and

even external heat exchangers are used.

Of course the design must be based on meticulous study of the process

requirements.
Heat Exchangers

Heating and cooling are essential for most of the chemical manufacturing
processes. So you need heat exchangers. Why? Because heating and

cooling, or condensing are nothing but heat exchange.

In heating you provide heat energy. While in cooling and condensing you

take out heat energy.

And you need suitable equipments to carry out heat exchange.
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When it comes to the heat exchangers there’re many designs to choose
from. Some of them are Shell and Tube Heat Exchanger, Plate Heat

Exchanger, Double Pipe Heat Exchanger, and Spiral Heat Exchanger.
Fluid Handling

There’ll be hardly any chemical manufacturing process where fluids —
liquids and gases — are not handled. In fact large volumes of fluids are

used in chemical manufacturing processes.

When it comes to fluid handling the major challenge is to move large
volumes efficiently. Here comes the importance of the pumps, blowers ,

and the compressors.
Pumps, Blowers, and Compressors

Pumps are used to pressurize and transport the liquid and slurries. While
the blowers and compressors deal with the gases. They compress the

gases and transport them.

These devices work using different mechanisms like rotary or
reciprocating. The suitability of the devices depends on the applications.
Whatever be the case all of them consume energy to function.

Pipe, Pipe Fittings and Valves

A network of pipes becomes essential for the transport of the fluids.

Industrial piping makes use of a wide variety of materials for construction.
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Material of construction becomes important as the fluid properties vary

widely.

In order to make the piping network only pipes are not enough. You need
to change the piping diameters, change the directions and make
branches to cater to the process needs. The pipe fittings make this

possible.

And in most of the chemical manufacturing processes controlling the fluid
becomes essential. Here suitable valves are employed to regulate,

control and diverting the flow in the required directions.
Instrumentation and Control

If you’re interested in maximizing the manufacturing performance you
need to ensure that all the processes are running at their optimum level.

So it becomes necessary to maintain the process parameters accurately.

Here Efficient instrumentation and control systems come into the picture.

Efficient instrumentation and control systems consists of systems like:
e Smart Instrumentation
e Process Control Systems

e Process Data Recording, Retrival, and Analysis
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The design of the equipments and systems must achieve critical aspects
like:

e They need to be Cost-efficient.

e They must be user friendly

e The design must meet the process demands efficiently
e Material of construction is of utmost importance.

In fact proper design and operation of the manufacturing facility is

essential to make chemical manufacturing efficient.

When you talk about chemical manufacturing you can’t ignore the

Utilities. Efficient utility generation and supply are critical.

Let’s discuss about them in the next chapter...
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Utility Generation, Supply, and Distribution

Most of the chemical manufacturing processes need utilities. Why?
Because every chemical manufacturing process has got it's optimum

temperature. And in order to maintain the temperature you need utilities.

You need heating to achieve higher temperatures. And to heat you need
utilities like steam, thermic fluid, hot water or any other heating fluid. To

achieve lower temperatures you need to cool. And you need the utilities

like cooling tower water, chilled water, brine or any other coolants.

Know about the Utilities

Of course, the type of utilities will depend on the applications.

Efficient chemical manufacturing calls for proper utility selection based on
the material characteristics, process requirements, costs involved and

others.

So it becomes necessary for you to know about the utilities. Some of the

major utilities you can focus on are:
e Steam
e Cooling Tower

e Refrigeration utilities
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e Thermic fluid
e Vacuum
e Other utilities
Efficient Utility Generation

Efficient utility generation is important. Why? Because the manufacturing
performance like product quality, production capacity, manufacturing cost

depends strongly on adequate utility supply.

In order to enhance the efficiency you need to ask many probing

guestions:

e Are the utilities you are generating proper? Do they meet the

process requirements?

e What about the costs? What are you doing to minimize the cost of

utility generation?

e What kind of resources are utilized to generate the utilities? What
about their availability and cost? Can you use alternative

resources to minimize the utility generation cost?

e Are the equipments and systems you’re using for utility generation

energy efficient? What about their specific energy consumptions?

The answers to the above questions will help you in improving the

efficiency of utility generation.
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However you can consider some aspects like:

e Match the utility with the process demands with respect to the

quality and the rate of supply.

e Utilize energy efficient equipments and systems for utility
generation. Measure the actual energy consumption figures

regularly to confirm.

e Explore the possibilities of utilizing advanced technologies for
utility generation based on the techno-economic advantages.

e Optimize the resources used for utility generation. Explore the
possibilities of using cheaper fuels. See if you can use the waste

heat as the energy source improving the waste heat usage.

A complete energy balance across the manufacturing processes can

help. It'll be more useful when you incorporate the cost factors.
Effective Utility Supply and Distribution
Supplying right utilities in right quantities is important.

Of course sometimes the constraints in plant layouts and equipment

layouts make it difficult to supply utilities efficiently.

In most of the cases especially controlling the fluid flow becomes

essential.
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Heat loss or heat gain are major issues with heating and cooling utilities.
Especially with the refrigeration losses the situation becomes critical. It

must be avoided as per cost saving measures.

Here efficient insulation plays a very important role. You must ensure that
the insulations are in perfect condition as far as the equipments and

piping network are concerned.

If you're interested in efficiently running the manufacturing processes you

must ensure that the utility supply matches with the process demands.

In chemical manufacturing facilities various types of resources are

utilized. So it becomes important to utilize them efficiently.

Let’s discuss about it in the next chapter.
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Utilization and Conservation of Resources

Optimum utilization of the resources is essential for efficient chemical
manufacturing. Why? Because the resources costs are increasing day by
day. Apart from the cost excess utilization and wastage can result in

waste generation and other manufacturing issues.
Types of Resources

Different types of resources are used for different chemical processes.
So you need to know the details about the resources with respect to cost,
process requirements , environmental and safety issues and other

relevant business aspects.
Water

Water is the most important resource. Almost all chemical manufacturing
processes use water in some form or the other. One aspect is cost of
water and handling issues. But more important is the waste water
generation. Excess water usage results in increasing the pollution load.

So it becomes more important to optimize the water usages.
Fuel

You need fuel to generate the utilities. Sometimes it’s direct and

sometimes it’s indirect.
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As for example you need fuel to make steam. And you need steam for
generating refrigeration utilities. In some cases fuel is used directly for

manufacturing processes.

Whatever be usages optimization of the fuel consumption and loss
reduction are of utmost importance. Because the fuel prices are

increasing day by day.
Electricity

No chemical manufacturing facility can run without electricity. Aimost all
equipments and systems need electrical power to function. With the
rising cost of electrical power it becomes essential to optimally use
electricity and take energy conservation measures.

Solvent

In most of the chemical manufacturing processes solvents are used.
Once the solvents are used a lot of spent solvent gets generated which

needs recovery so that they can be recycled.

That’s why an efficient solvent management system becomes essential

to make the chemical manufacturing cost-efficient.
Efficient Utilization of the Resources

Unless you utilize the resources optimally it'll be difficult to make

chemical manufacturing successful.
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Proper resources utilization call for careful evaluation of the resources

used and do what it takes to minimize the consumption.
Resources Usage

You must know where the resources are getting utilized. Once you know
about the usages of the resources in quantitative terms you can have an

idea if there’s some issue.

You can compare the actual usage with the theoretical requirements. If

there’re significant gaps meticulous evaluation becomes necessary.
But how to do that?

Practical mass balance as well as energy balance can help a lot. Of
course you need to consider the limitations of the analytical procedures

and the instrumental measurements.
Optimize the Usages

It's necessary to optimize the resources usage. Some of the ways you

can optimize the resources are:
e Utilize the technical tools to improve the operations.
e Optimization of the reaction processes and separation processes.

e Avoid or at least minimize the losses by taking appropriate

measures.
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Efficient utilization of the resources key to making chemical

manufacturing successful.

But there’s another aspect which need immediate attention. It's the
generation of wastes. It’s a serious issue in chemical manufacturing. In
order to make the manufacturing efficient you must minimize the waste

generation and treat the wastes properly.

Let’s get into the details in the next chapter...
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Integrated Waste Management

Pollution Control is the single most important aspect of chemical
manufacturing. And pollution control depends on waste generation and

waste treatment. Why?

Because chemical manufacturing generates waste. And in most of the
cases the wastes impact the environment adversely. So it becomes

necessary to do what it takes to minimize the environmental impact.

Complying with the pollution control requirements is mandatory. But how

to achieve it economically is what is important. Isn’t it?

In order to achieve it you need to focus on taking two initiatives:
e Minimize the waste generation
e Treat the wastes effectively

Minimize Waste Generation

The most economical way of waste management is to minimize the

waste generation. Why?

Because when less waste is generated, you need to treat less amount of
waste. So the operating cost as well as investment in the waste treatment

facility will go down.
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More important aspect is that when you’re generating less waste you're

making the manufacturing processes more efficient.

First of all you need to know about the waste generation sources and

think of how to reduce them.
But how to do that?

Practical Mass Balance study considering all manufacturing processes
can reveal a lot about the waste generation. And if you add the
component balance to it the study becomes more effective.

When you know quantitatively how the material resources are getting

consumed identifying loss areas becomes easy.

Once you know the loss areas you need to work on the manufacturing
processes to check whether the consumption is optimum. And so the

process improvement measures become important.
Process Improvement

Process improvement measures can play a very important role in
minimizing the waste generation. In most of the cases optimization of the
reaction processes as well as separation processes results in reduction

in waste generation.
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Resources Conservation

Resources Conservation is very effective in reducing the wastage and

minimizing the resources consumption.

When you adopt Reduce, Reuse, Recover, and Recycling efficiently the
resources utilization becomes optimum. And it results in significant

reduction in the waste generation.
Why Waste Treatment is Necessary?

You can make all efforts to minimize the waste generation. But you can’t

make it zero.

So the only option remains is to treat the wastes properly to make them

harmless to the environment.

When it comes to waste treatment, you need to address two major
challenges effectively.

e Achieve effective treatment so that you can meet the pollution

control requirements.

e Minimizing the waste treatment cost without compromising on the

quality of the treatment.
How to achieve the waste treatment objectives?
First of all its necessary to get the details of the waste streams. What'’s

the quantity? What are the types? What about the pollution load?
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Waste Stream Characterization

Based on the characteristics the waste streams must be separated.
Why? Because the only way to achieve economical waste treatment is to
use the right treatment techniques. Different waste streams need

different treatment methods.
When you talk about the industrial waste they’re of three types.
e Solid waste : Proper disposal is necessary.

e Liquid waste : Effective treatment of the waste water streams is

essential before disposal.

e (Gaseous waste : Proper treatment is essential to avoid air

pollution.

Solid waste streams need separate treatment methods. And when it
comes to the waste disposal it must be as per the pollution control
guidelines.

Gaseous waste streams need treatment in order to avoid air pollution. In
fact effective treatment techniques like scrubbing, electrostatic
precipitation, incineration and others must be used to make the air free

from the pollutants.

In most of the chemical manufacturing facilities waste water is the major
waste stream. That’s the reason why full fledged effluent treatment plants

are built.
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Waste Water Treatment

Once you segregate the waste water streams you need to think about the

primary treatment.
Primary Treatment
Why the primary treatment is necessary?

Because it's main purpose is to make the waste water suitable for the

secondary treatment. It involves the processes like:
e Screening to remove the bigger solid particles.
e Equalization of the diverse waste water streams
e Neutralization to achieve the optimum pH for the treatment
e Removing the suspended solids by flocculation and filtration
e Chemical precipitation to reduce the dissolved pollutants level

The primary treatment plays a very important role to reduce the waste

water treatment cost.
Secondary Treatment

The major job of waste water treatment is done by the secondary

treatment. It makes the waste water pollution free.

It involves the processes like:
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e Biological processes use both aerobic (with air) and anaerobic
(without air) biological treatment techniques. They use the power

of microorganisms for treatment.

e Advanced Oxidation processes which utilizes the power of

hydroxyl radicals for treatment.

e Wet Air oxidation which uses high temperature and pressure to

achieve air oxidation of the pollutants in the waste streams.
Secondary Treatment help in meeting the pollution control requirements.
Tertiary Treatment

It's the final treatment for making the waste water free from the pollutants

and suitable for disposal.
It involves processes like:

e Final filtration to make the treated waste water free from

suspended solids.

e Activated Carbon treatment to get rid of last traces of the

pollutants.

e Special treatment techniques based on the waste water

characteristics.
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In some industrial situations the liquid waste disposal is possible due to
the statutory and other constraints. Here Zero Liquid Discharge (ZLD)

systems help.

This technique converts the treated liquid waste into the solid waste by
using concentration and drying processes.

Waste generated in most of the chemical manufacturing facilities are
difficult to treat. That’s why an effective combination of waste
minimization initiatives along with the usage of cost-efficient treatment

techniques is a must.

In fact environmental optimization with an integrated approach will help
you to comply with the pollution control guidelines and minimize the

waste treatment cost.

In order to retain the leadership position in the market you need to
expand your business. Then expansion of the existing manufacturing
facilities and building new manufacturing facilities will be necessary. An
efficient project engineering and management function can only make it

happen.

Let’s get into the details in the next chapter...
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Project Engineering and Management

Growth is essential for any business. Chemical manufacturing business
is no exception. When you improve the manufacturing performance,

you’ll expand the existing market and capture new markets.

In that situation it’ll be very difficult to meet the market demand even if
you expand your existing manufacturing facilities. You'll have to create

new manufacturing facilities.

When it comes to building new manufacturing facilities, engineering

design becomes the deciding factor.
Engineering Design

Integrated Design optimizes the resources availability as well as the

constraints.

It's really a challenge to design a new manufacturing facility. Why?

Because it must serve many important business objectives like:

e |It's very important to minimize the capital investment without
compromising on the quality anywhere. It must be based on

integrated optimization.

e Achieving excellent manufacturing performance consistently is
essential. Performance with respect to Cost, Quality and Capacity

must be well above the industry average.
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e The plant design must be operation friendly with enough scope for

expansion.

e Smooth plant commissioning and achieving more than hundred
percent production capacity is the goal. That’s possible only when
all the critical manufacturing aspects were taken care of in the

design stage.

First of all you must think of the technology. Why? Because technology
decides many things. In fact the business sustainability depends on the

technology selection.

You can either buy the process technologies or develop them in house.
It all depends on the products , techno-economic feasibility, and

organizational objectives.

But irrespective of the source, the technology must be world class.

Investing in the best available technology can fetch you rich dividends.

The designing of any chemical manufacturing facility proceeds through

different stages like:
¢ Process Development
e Scale Up
e Basic Engineering Design

e Detailed Engineering Design
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Once the design phase is over it’s time to think of constructing the

manufacturing facility.
Constructing the Manufacturing Facility

Constructing an world class chemical manufacturing facility is
challenging. It becomes necessary to ensure important business

objectives like:

e Constructing the facility within the budget is no doubt important.
But it’s not that easy. Why? Because of many constraints and
difficult issues project cost escalation has become common in the
industrial world. Looking to it's importance to the business, ensure

proper monitoring and control of the project.

e The constructed facility must meet the requirements of production,
maintenance, safety, environment and other critical industrial

functions.

e Finally it's important to complete the project before the schedule
and start the manufacturing right away without any modifications

or alterations. This is essential for project success

It's possible only when you have an efficient project engineering and
management team. Why? Because Successful project involves many

critical functions like:
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e Integrated efforts of many engineering functions are necessary to

construct a successful chemical manufacturing facility.

e |t's important to ensure project safety and complying with the
statutory requirements. Necessary approvals and permits are

essential.

e The most important aspect is project coordination. Why? Because
all the functions are interdependent. When all agencies work in
coordination with each other for the project achieving success

becomes easy.
Plant Commissioning

Designing and constructing a chemical manufacturing facility is not the

end. The main purpose is to manufacture the products.

Before the manufacturing facility is handed over to the operation team the
project engineering and management team must ensure that it serves the
purpose. It's essential to ensure that the facility meets all the

manufacturing requirements.

All parts of the plant must be checked thoroughly to ensure that the
facility design and construction is asper the requirements. A system
based on good engineering practice and statutory guidelines must be

followed.

© Copyright 2022 By Rasa Bihari Mishra 73



How To Make Chemical Manufacturing Efficient Rasa Bihari Mishra

The Plant Commissioning involves Pre-Commissioning, Plant Start-Up,
and Commissioning. The project engineering and management team
along with the research and development team must show that the facility
is performing perfectly.

Smooth plant commissioning results in achieving important objectives
like:

e The manufacturing requirements with respect to Production
Capacity, Product Quality, Yield and Manufacturing Cost are
fulfilled.

e Environmental and Safety aspects are of utmost importance. The

plant operations must be inherently safe and environment friendly.

e Successful plant commissioning helps in achieving hundred

percent production capacity from the day one.

A system driven approach along with close cooperation between the
team members are essential to make the plant commissioning

successful.

The most important aspect in this competitive business environment is
the efficiency. You need to put in massive efforts to make the chemical

manufacturing efficient.

Let’s discuss how to do that in the next chapter...
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How to Make
Chemical Manufacturing Efficient

In today’s competitive business environment only maintaining the
manufacturing performance is not enough. You need to improve all

aspect of manufacturing. Why?

Because your competitors are not sitting idle. In fact, every organization
is trying for the leadership position. And enhancing the manufacturing

efficiency is the only way.

But before you think of efficiency you need to ensure that the
manufacturing performance is consistent. Irrespective of whether you're
interested in improving the manufacturing operations or achieving

consistency, you need to follow a systems driven approach.

If you're interested in making all aspects of chemical manufacturing

efficient, you need to focus on two areas:

e Implementing Industrial Innovations

e Conducting Periodic Technical Training
Industrial Innovations

Efficient chemical manufacturing can help you maximize the profitability

and achieve sustainable business growth.
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But how to make Chemical Manufacturing efficient?

The secret is Techno-Economic Innovations. Innovations can help you

achieve extraordinary performance out of ordinary resources.
And it’'s achievable. Why?

Because many Industrial Leaders have already achieved it and many are

on their way to achieve the same.

Implementing Innovation Initiatives can help your organization achieve

overall improvement.

Manufacturing Performance Improvement

You can expect significant improvements in the manufacturing

performance like:
e Product Yields will get maximized.
e Significant improvement in the Product Quality

e You can enhance the Production Capacities with very little

investment.

e Plant Troubleshooting will become easy. As you’ll be able to make

Manufacturing Processes Robust, plant problems will be rare.

e You can improve the plant productivity significantly along with
effective Plant Debottlenecking which will result in overall

improvement.
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e Efficient Design and Operations will result in making the Plants

and Processes Inherently Safer.

Manufacturing Cost Reduction

Manufacturing Cost is very important for Profitability and Sustainability.

Innovations can help you in this.
e Raw Materials Cost will get reduced.
e Energy Costs will go down.
e |t'll result in minimizing the wastages resources conservation
e Other Costs will get reduced significantly

e You'll be able to utilize the By-Products and Co-Products

efficiently which will result in significant value addition.

Effective Environmental Management
You can’t make chemical manufacturing efficient without making the
environmental management efficient. Again innovation initiatives can

make a difference.
e You can Minimize Waste Generation by process improvements.
e |t'll be easier to comply with the Pollution Control requirements.

e You can Minimize the Waste Treatment Costs significantly.
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Sustainable Business Growth

Growth is necessary to keep the business healthy. To achieve
sustainable business growth you need to focus on the innovation

initiatives like:
e Going for Forward and Backward Integration
e Innovative Marketing and Business Development
e Introducing New Products and Improved Processes
e Optimum Expansion and Modifications.
e Business expansion by New Projects
But how will you be able to think of Innovation Initiatives?

You need to identify the improvement areas and the gaps in your
business processes. Integrated technical evaluation and optimization can
help a lot.

And it will involve the studies like:

e Techno-Economic Feasibility Study

e Optimization of the Reaction Processes

e Optimization of the Unit Operations

e Value Based Mass & Energy Balance Study
e Productivity Enhancement Study

e Resources Optimization
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e Manufacturing Cost Analysis & Improvement

e Making the Manufacturing Facility Energy Efficient

e Value Addition by optimum utilization of By-Products and Co-
Products

e Making the Manufacturing Processes Robust

e Making the Equipments and Systems Efficient

e Plant Debottlenecking Study

e Integrated Waste Management including Waste Minimization.

e Targeted Process Development & Scale Up

e Optimization of the New Projects to Minimize the Investment

Conducting Periodic Technical Training

Efficient chemical manufacturing operations and the implementation of
Improvement Initiatives can yield incredible results. But it's not easy to

practically achieve it in the plant scale. Why? Because...

e Chemical manufacturing is technically complex. it calls for
technical expertise and tremendous industrial experience.

e It's not a one time work. The operation must be perfect every time.

e It's not for a selected few. It's for all involved in chemical
manufacturing. In fact all concerned must be knowledgeable
enough to not only do their jobs efficiently but help in achieving

significant improvements.
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Team work is important. It’s possible when everyone concerned with
chemical manufacturing know each and every aspect of chemical
manufacturing. Then only they will understand what difficulties other

functions are facing. As all the functions are interrelated it's important.
Effective Training is the only Solution.
Effective Technical Training Programs need to have the features like:

e |t must help in improving the Individual Job Skills
e Developing Business and Cost Awareness is important.

e Effective training programs will result in Employee Motivation and

Engagement

e |t need to be based on Integrated Approach covering all aspects of
the Manufacturing Business

e Interactive Learning incorporating Questions & Answers; Problems
& Solutions can help.

e There must be enough Case Studies to explain the Technical
Concepts.

e The training content need to be based on application-oriented
knowledge which can be implemented in the Job.

e The Training need to incorporate Personal Projects for all

Participants to Improve some aspect of manufacturing.
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Though training is important just conducting any training will not help.
Why? Because the training programs must be effective in achieving the

training objectives.

In addition to the general training program on efficient chemical
manufacturing there must be customized programs for individual
functions. Perhaps you can consider separate functional training modules
like:

e Production Function

e Process Development

e Engineering Maintenance

e Project Engineering and Management
e Special Topics

Only properly designed technical training programs with an integrated

approach can help. Training programs must be conducted periodically.

Review sessions to monitor the effectiveness with active involvement of

the senior management can make the training programs effective.
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Let’s Conclude

Making chemical manufacturing efficient is not easy. It calls for significant

improvements in all aspects of the business.
Techno-Economic Optimization

Looking to the Challenges and Opportunities, the only is to use the power
of Techno-Economic Optimization. It will result in Overall Improvement in

business performance.

But an integrated approach becomes essential. Why? Because all the
business functions are interdependent. Improving the business functions
separately will not serve any purpose. You need to improve them

simultaneously. You must go for Integrated Optimization.
Innovation Culture

When it comes to chemical manufacturing business, the situation
becomes challenging. Why? Because there’re numerous constraints. The
market fluctuations are very common. The business environment is very

competitive.

In this situation operating the business efficiently is very tough. In order to
retain the leadership position you need to invest money, time, and efforts
on improvement initiatives. But how to ensure adequate return from your

investments?
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It's possible only when you achieve extraordinary output from your

investments. Here comes the importance of Innovative Approach.

But to effectively Implements the Innovation Initiatives you need to

develop an Innovation Culture in the organization.
Application Oriented Knowledge

When the professionals involved in chemical manufacturing are
adequately trained it'll be easier to develop an innovation culture in the

organization.
Periodic training programs can help a lot here.

When the chemical industry professionals become knowledgeable and
adopt innovation based approach wholeheartedly, the organization will

change. So application oriented knowledge is what is important.

Chemical Industry Professionals and Industrial Leaders can play a very
important role to make it happen. It'll help them taking the business to the

next level.
Centralized Efficiency Enhancement Function

A centralized cross functional team working on Efficiency Enhancement

can make the Improvement Process faster.
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When they’re backed by Centralized Research & Development functions
along with Site Process Development functions, efforts will be aligned

towards a common goal.

Making the Chemical Manufacturing Efficient is important to take the
business to the next level. It will help the organization achieve the

Leadership Position.

Perhaps you can consider our programs - “EFFICIENCY
ENHANCEMENT” and “INTEGRATED TECHNICAL TRAINING”.

You can email us at rbm.innovations@gmail.com for more details.
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