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To the workers, design and shop floor
engineers, and progressive managements
who give priority to safety of all persons
associated in any manner with their indus-
tries and products to control the environ-
mental pollution, to maximise the efficiency,
and to manufacture the products with the best
possible quality.



Preface

Chemical industries are very important for our daily lives since we need various
products for personal hygiene and health care, fuels for cooking and vehicles, paints
and dyes, petrochemicals, synthetic fibres, water treatment chemicals, fertilisers,
insecticides and pesticides for agriculture, etc. Chemical industries also make a
large contribution to national economies. However, many of these industries pro-
duce or handle dangerous and highly polluting chemicals which must be very
carefully controlled. Hence, the governments of all countries insist on compliance
with the strict rules and regulations which are enacted to ensure the safety of
personnel and the control of environmental pollution.

It is necessary that management, and all those shop floor engineers working in
chemical industries (who are looking after the process and maintenance) should
operate their plants in a safe, pollution free manner along with an all-around effi-
ciency in order to keep the pollution and the production costs in control while
meeting the required product quality and delivery schedules for their products.

Some of their main activities are given as follows:

e Market survey to estimate demand for the product mix

Setting up new production units, expand/diversify running units, or revive idle
units

Ensuring safe operations and maintenance by Hazid and Hazop studies
Compliance with statutory rules and regulations

Procuring materials and machinery

Environmental pollution control by minimising effluents and treating them
properly

Production of chemicals as per specifications of quality control checks

e Dispatch as per the delivery schedules agreed with clients

The author has attempted to present information generally needed by these
engineers (and managers) about technical matters in a bullet format (rather than
lengthy explanations) for an analysis of their plants and for proceeding further. It is
seen that the main points are easily noted when checklists are given in this manner.
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viii Preface

It is hoped this format will enable them to quickly prepare reports for plant
expansion, diversification, and purchase of new equipment for presenting to the
higher management for approval and sanctions.

Suitable explanatory notes instead of lengthy descriptions are added only at
appropriate sections (in the relevant chapters of the book).

There are many excellent books available for researchers. However, 1 have
placed more emphasis on safety, environmental pollution control, and energy
efficiency while writing the book and hence request the persons carrying out
research to always consider these issues while developing new processes and
products.

The book is thus meant for use by production managements, shop floor engi-
neers, and for students who wish to join the chemical industries.

Kiran R. Golwalkar
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Chapter 1
Introduction

Chemical industries play a very important role in our life by contributing various
products using every day such as healthcare products, detergents, cooking gas, fuel
for vehicles, pharmaceuticals, paints and dyes, plastics, petrochemicals, synthetic
fibres, water treatment chemicals, fertilisers for crops, insecticides, and pesticides—
the list is very large—almost endless. The chemical industries also make a very
useful contribution to the national economies.

1.1 Typical Features of Chemical Industries

e They have large thermal and electrical energy changes (consumption/
generation).

e Their operations are mostly automatic. Very careful continuous monitoring is
necessary in most of them—(but less manpower is required).

e They do not produce much noise generally (except where crushing and grinding
are done).

e Effluents are generated in considerable quantities (toxic, harmful substances),
and they can pollute the environment since their disposal is not easy.

e There could be fire hazards or long-term health hazards.

There are a large number of chemical industries in operation and new ones are
being added all over the world. However, the general perception is that though very
useful, chemical industries pollute the environment and could be very dangerous
some times.

Governments of all countries are fully aware of this and have made stringent
rules and regulations to monitor their operations to ensure safety of personnel and
control of environmental pollution.

© Springer International Publishing Switzerland 2016 1
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1.2 Modern Managements

Modern responsible and successful managements make efforts to operate the
chemical industries without any accidents (completely safe for plant personnel as
well as outsiders), without causing any environmental pollution (minimising gen-
eration of waste and proper treatment of all the effluents) in a highly energy efficient
manner and minimising consumptions of raw material while delivering the products
as per specified quality and quantity required by the clients.

The revenues generated are used very judiciously for necessary maintenance of
safety devices, effluent treatment, process units and machinery; procuring supplies
of raw materials and other inputs; paying taxes and duties to the government,
welfare of all working personnel, carrying out innovation for improvement and
research for new technologies; and return of capital with interest as per terms of
agreement with all creditors and stakeholders.

Reasonable amounts are set aside for replacement of old (corroded) process units
and worn out machinery, and as a contingency fund for any unforeseen situation.
This is very important for a chemical industry because the rate of corrosion is much
more than general fabrication shops or engineering industries. The distribution of
profits to the promoters/owners (and the equity shareholders) is generally done after
above allocations.

1.2.1 Important Management Activities for the Chemical
Industry

Modern managements with a progressive and practical outlook apply their
knowledge, experience, and resources for executing their main functions of plan-
ning, organising, staffing, coordinating, directing, and controlling the activities
essential for the successful establishment, operation, expansion, modernisation, and
revival of idle units.

They are able to perform these important managerial functions by employing
professionals with knowledge and experience in their respective fields.

There can be a certain overlap among these functions and the activities during
execution. Though the activities are allotted to different departments, no sharp
divisions are generally made. All departments and sections are supposed to work as
one well-oiled machine with clear communication and cooperation with each other;
though some demarcation could be made for convenience of working by using the
individual expertise for meeting the aims of the organisation.

Broadly these activities are arranged to suit the nature of business (manufac-
turing or trading), geographic area of operations, whether running on a low-volume,
high-unit-price basis or high-volume, low-unit-price basis; dependence on local or
imported technology, or materials; producing items for mass consumption;
healthcare products, or industrial use; producing goods which need safe and careful
handling, and so on.
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The main activities typically required for setting up a chemical plant are as
follows:

Market studies and finalising the product mix,

Basic and detailed engineering (please see below),

Hazid and Hazop studies,

Incorporating safety devices and revising P and ID, operating procedures, etc.,
Obtaining statutory permissions and necessary licences,

Creating site infrastructure and carrying out site activities,

Procuring plant and machinery,

Erection and commissioning of the process plant,

Stabilising safe and efficient operation and maintenance of the plant,
Minimising generation of effluents and ensuring their proper treatment in-house
or disposal through common disposal facilities run by statutorily authorised
parties,

e Production of chemicals as per specifications given by customers,

Quality control checks before dispatch,

To meeting the delivery schedules agreed with clients.

Production management has to look into all these and ensure that the plant runs
safely, without causing any environmental pollution while complying with all
statutory rules and regulations, and generates sufficient revenues to get a satis-
factory rate of return. These essential activities are briefly described below and
elaborated elsewhere in this book.

1.2.2 Estimation of Demand for the Products

An initial estimation of demand for various products is carried out to shortlist them.
This is necessary for planning a new industry or for diversifying to additional
products from the existing running plant. It can be entrusted to a professional
agency if it cannot be done by the organisation itself. It should be a reasonably
reliable estimate of demand for the products and their specifications generally
required by clients. The products are shortlisted accordingly and the production
planning is based on these estimates.

1.3 Basic Engineering Documents

It shall be prepared for deciding further in the matter (as it gives more information):

e Production capacities to be planned for the product mix (at present and in
future);

e Process flow sheet (for selecting process and technology);
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Issues related to safety and environmental pollution control;

e Expected running days per year and stoppage for annual overhaul;

Rated capacity of the plant for various products (continuous operation) or

number of batches per year if it will be a batch type operation;

The expected total investment required;

Layout for the product mix (at present and in future);

Infrastructure required (land, approach roads, storage);

Raw material and utilities consumptions (water, power, and steam);

Engineers, technicians, and workforce required;

Maintenance requirements and other expenses;

The expected return on investment;

Time required to implement the project;

Shortlisted locations based on availability of raw materials, power, water,

geographic and climatic conditions, proximity to clients, existence of approach

roads, etc.;

e [t is important to look into the suitability of climate for safe storage, handling of
various raw materials, the products, and safe operation of the process plant. The
decision to set up the process industry or for adding more products to existing
industry can be taken on the basis of above information.

1.3.1 Rated Capacity

This shall be based on annual production and not on daily production. It should take
into consideration the plant stoppages due to annual overhaul, and occasional
breakdowns/process problems.

Example
A continuously running plant can produce 100 MT per day of sulphuric acid.

It needs about 20 days of complete stoppage for annual overhaul and mainte-
nance. It is also estimated that the plant would be stopped for a total of about
15 days due to various reasons during the year such as sulphur spray gun choking,
air blower maintenance, repair to control valves in acid lines, etc.

This leaves 365 — 20 — 15 = 330 days of actual running period.

The annual production would be 330 x 100 = 33,000 MTs and not 36,500 MTs.

The sales volume would be 33,000 MTs, and revenues will be obtained from
these only.

However, certain expenses on security, stores management, plant lighting, sal-
aries of supervisory staff, maintenance crew, water supply, etc., will be incurred
even when the plant is not producing. Money is spent on all these matters
throughout the year for 365 days.

The plant shall be rated as 33,000 MT/annum therefore, and cost of production
per MT shall be calculated by dividing total annual costs by 33,000 and not by
36,500 MT as this can give an incorrect figure.
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In case of plants operating with complicated technologies or handling very
corrosive products, the running days per year shall be considered even lower—say,
300/310 only.

The profit per MT and return on investment shall be estimated on these figures. It
is obvious that all efforts shall be made to minimise the annual shutdown period and
other stoppages during the year.

However, the plant shall not be operated at overload condition beyond safe limits
during the running days to achieve higher production for getting more profits.

1.4 Detailed Market Survey

This is to be done now to obtain reliable information through an experienced
marketing organisation. This is necessary before finally deciding to proceed further
on the basis of the basic engineering document.

It should cover all the aspects of the demand for the product—the product
quality generally specified by clients (minimum purity required, tolerance limits for
impurities), the types of containers preferred (carbouys/tankers); quantities of
products required and the delivery schedules convenient to them; the present pro-
ducers of the products, the demand—supply gap in the market, whether demand for
the product is seasonal or all through the year, in domestic market or overseas.

1.5 Finalising the Product Mix

e The initial planning for the production unit may be for only one product or more
products with a certain capacity for each of them.

e The future product mix (with more products) and the corresponding production
capacities can also be planned in the beginning itself while setting up the
industry.

e Expansion of production capacities in the future may also be planned in the
beginning.

e This will enable design of process scheme and the list of equipments 7o be
installed at present. Planning for the site infrastructure for the present and for
the future shall also be done accordingly.

e Some of the process units and machinery from the plant can be used as such in
future also, while some additional equipments may be required for the product
mix and production capacities planned for the future. Some existing units may
need only upgradation.

A plant for manufacture of sulphuric acid can produce 98.3 % technical grade
acid only or can also produce 25 % oleum by addition of an absorption tower with
accessories for circulation system. An oleum boiler can then be added to produce



