


OVERVIEW OF INDUSTRIAL

MANAGEMENT

After reading this chapter, you will understand :

Concept of lndustrial Management

Development of lndustrial Management

Difference between industrial management and production management
Organisation of an industry

Objectives of industrial management

Application areas of industrial management

lmportance of industrial management

Problems faced in industrial management

Scope of industrial management

1.1 TNTRODUCTTOX 
^l-iThe term "Industrial Ivlu-ug"^ent" is quite confusing as different authors

introduetionJo1hesu-$eet. By the time you finish reading the third article of this
chapter "Development of Industrial Management", the meaning, its nature,
scope and application areas will be quite evident and crystal clear. Some of the
discussion in these articles have been dealt in detail in the earlier courses of
"Industrial Psycholory/sociology" and "Engineering and Managerial
Economics". Here we will be giving only brief outlines. Those readers who are
interested in detail may refer to the books on these subject by the author ofthis
book. we have purposely avoided repetition of detailed subiect matter here.

,)

Industrial Management is the combination of twp word d
Mqntgerygnffndustrial implies referring_to industryl{ndust das of complex and sophistica[ed pethods to the production of
gc services''. The comprex and sophisticated methods refer to
the use of machines which improve the quantity and quality of production. In our

(1.1 )
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rs within the or

Production Management

,NDUSTRIAL MANAGEMENI

Fig. (1) Concept of lndustrial Management

context, "Industry" does not simply refer to activities related to manufacturing,
trade or business. It has a all sorts ofoperating or
working organisations s. al, governmental and
religious. On the other hand,_,management means planning, cii$aniiiing,

in'an
lar.r, tQ

nd to control". Flowever, this definition
r in terms of what at
? Oliver Sheldon is
I ation of policy, it of

the organisations analJJemployment". However, our simple worhing definition
is aManagement is a process used to accomplish organizational goals".

The combination of these two words results in a new branch of engineering.
Industrial Management may be defrned as :

y- "The brqnch of engineering'that deals with the creation and management of
systems that integrates people, mqterials and energy in productiue ways." I

c\ ,],.2 CONCEPT OF INDUSTRIAL MANAGEMENT
gtrategi_c

la man and
financial a
manaEeme s and storinE facts andmanageme
information fiii
mariagement planning involves adjustm_ent coutrol 4qd
coJpglqlig4--It draws upon specialized knowledge and skill in the mathematical,

Human -
resources

Marketing
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Oueruiew of Industrial Maruagement t;i:
physical and social sciences together with the principles and methods of
engineering analysis and design. In this way it specifies, predict and evaluate the
results obtained from such systems.

In its most comprehensive meaning, industrial management refers to the
systematic management of all aspects of the industry (or factory). The
techniques employed go beyond increasing productivity or controlling the
mechanical cost factor. They also include organization structure, administration
and human/labour problems. This has been shown in frg. (1).

(Industrial management involves studying the performance of machines as
rvell as people. to keep machines in good working
condition and t eir production. The flow of materials
through the plant is superuised to ensure that neither workers nor machines are
idle. Constant inspectiorz is made to keep output up to standard. Charts are used
lor recording the accomplishment of both workers and machines and for
comparing them with established standards. Careful accounts are kept of the
cost of each operation. When a new article is to be manufactured, it is given a
design that will make it suitable for machine production, and each step in its
manufacture is planned, including the machines and materials to be used.

Essentially, the industrial management is concerned with the e.

sl,stem and its primary function is that of management. As such i a
serviie function. Service fung[qn_-peans tq,provide expert information. The
facts are gathered, problems aie subjected to analysis, tentative conclusions are
made-compared-tested for various alternatives and frnally the findings are
presented with recommendations to the top management. For doing all this
various tools and techniques of industrial management are employed.

Note :r.!/J Industrial Management is a branch of engineering. As such the person
performing the functions of industrial management is an engineer by
profession.

(2f Industrial Management and Industrial Engineering are synonymous terms.
(3) Industrial Management is different from production or operations
management and is explained later on in detail.

1.3 DEVELOPMENT OF INDUSTRIAL MANAGEMENT
The term "industrial management" came into use in the United States

around the turn of the twentieth century after the Industrial Revolution./
llndustrial Revolution-The rise of factories,)
Before the Industrial Rev___ people worked with hand tools,

manufactunlgaq!ic_!g__s11!heir own-homes or in small shops. In the third quarter
of t no_!9yer_was applied to machinery. People and machines
ivere brought together unde. one roof in factories, where the manufactur.ing,
processcouldbesuperv@nningdt{hoft-maTtagement.Inthe
next hundred yeiis factories grew rapidly in size, in degree of 

-fEthinization,

and in comp eration. However, the growth was accompanidl by much
rvaste and'lneffielency. Tn-[he-United States many engineers, spurred by the

i
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S hub fi am's I ndu strial M anag ement

increased competition of the post-Civil War era, began to seek ways of improving
plant efficiency.

The result of Industrial Revolution was :

chine pffir beg-a-n a;--o subJutute for human power

goods

systems became available whiqh

o-g_s dgveloped to serve larger markets
and work that had become complex was felt to improve

Scientific Management
m The first sustained effort in the direction of improved efficiency was made

by Frederick W Taylor.

m His principles of scientific management resulted in :

od to define " ne.

by selecting and
t in one best

l-
ry Ford iqJrcdrce-d the divisioa qf_labour in the factories.

Human Relations Movement

Little attention was paid to the motivational content of work. The accidental
discovery of the importance of human relations was made by tIf Hiwl'horne
sififies from 1927 to 1932. The research was supervised by Elton Mayo. Wtlt"
conducting productivity studies at Western Electric, Mayo demonstrated that

as on compfrsation. g tql_p_g_.an eventual spli[ 9f
industrial management, with. one branch emphasizing an underslandlng gf
glCqp_l?ptig{hggry and behaviour and the _o,ther gmphasizing the mechanics of
pioduction,iiJo-'krro*n;J aperaficrrr. i'-- ilJscienee continied to provide the
b4qip for studies of both branches, th e t was
increasin ized as a complex set of kqqwl s eased
specialization of management talents led to the dissipation of comprehensive
studies in industrial management, with more attention paid to specialties like
financial management, human resources management, and operations
management.

Modern Trends

Following World War II, many of the dehumanizing aspects of factory life
were a leading concern of both union movements and studies to improve quality
of work life. Ulork.d-e-sign an{E-o_cio-technical 4pprqaqfres.!o ryqqk becaqe ths"
focus of industrial management. By the 1960s, however, the U.S. economy had

rygrk"fr_' "*tqqig-l:y_9e wide*range of rel3tions wi.!h ell
as on compensation. g le.5!.-!,o. an eventu?l split ot
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Oueruiew of Industrial Managemerut 1.5

shifted to a service economy, with more than half of the labour in the country
employed in services. This shift was to be followed by the information revolution
and extraordinarily high rates of global competitiveness, changes that had
dramatic impacts on work content. The term "industrial management" became
increasingly irrelevant as the nature and content of work shifted to
computerization and other spheres of the economy.

f Modern technological devices, particularly in the areas of computers,
electronics, thermodynamics and mechanics, have made automatic and
semi-automatic machines a reality. fhg-development of such automation is
bringing about a-second industrial revolution and is causing vast changes in
commerce as well as fhe way worli is organized. Such technological changes and
:he need to improve productivity and quality of products in traditional factory
s-r'stems also changed industrial management practices. ]

Today, the segment of management that seeks improvements in efficiency
and productivity is known as production and operations mclnagenxenf. Its most
recent developments includei.-ntegrated-meffroas of management that contain
elements of programmable technology, quality improvement, just-in-time
delivery lean production, and supply chain management.

In India, many colleges and universities provide degree in Industrial
Engineering. All big organisations like TISCO, TELCO, RIL, etc., employ
-ndustrial engineers. The reporting of such engineers is directly to the
:op-management.

SELF.STUDY
Assignruent r: what are the ancient civilization examples that

required Industrial Management applications?

Assignment rr : which was the largest industrial plant of the medieval
rvorld? List its industrial management applications.

1.4 INDUSTRIAL MANAGEMENT VERSUS PRODUCTION
MANAGEMENT

! y Industrial management deals with the analysis, design and contror of
productive systems. A productive system is any system that produces
either a product or a service. on the other hand, production management
attempts to familiarize a person with concepts and techniques specific to
the analysis and management of a production activity.

-, . m Production managemu-nt is mostly associated with managing a
production environment. The design and analysis of productive system
are outside its purview on the other hand, industrial management is
concerned with designing system and providing expert information
without actually operating the systems. Production or operations
management is a sub-speciality of industrial management.Li
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,'1;Ft .,, ' Sfru6fiant's Industrial Management

.5 INDUSTRTAL ORGANISATION
When we talk about management of an industry, we should be clear about

what is to be managed. There are various departments in a big organisation
engaged in various activities which play their own role in helping the production
department meet its objectives. Even in service organisations like banks,
software companies, hospitals, etc. there are various departments which have to
managed through industrial management. Here we will be discussing the
general organisation of a big manufacturing factory which can be modifred for
any service-industry also according to its needs"

(l) Head of Production Depat'tment: Production head is the supreme
officer of production organisation. He is called worhs manager or general
manager. He is the person who is responsible for all the function of production
department and all the other sub-divisions of production organisation is
controlled and directed by him.

(2) Manufacturing Department : Manufacturing department is that
portion ofproduction organization where the actual activities or operations are
performed for the transformation of raw material into finished goods. The head
of this department is called production rrlonager. The prime responsibility of
production manager is to ensure the production according to the predetermined
plan and directions received.

If the organisation is diversified, meaning producing different types of
product then in such a case the manufacturing department can be further
divided in various sub-manufacturing department like manufacturing unit,
repairing unit, assembling unit, etc.

(3) Technical Department : The primary task of technical department
is to enhance the quality of finished goods by performing research and
development on modern techniques of production. Technical director is the head
of this department. Generally following sub-sections are included in this
department :

(i) Development section
(iit Design section
(iii) Research section

(iv) Testing section
(4) Prod.uction, Planning and Control Department ; The main

function of this department is preparation of production plan and execution of
that plan in order to achieve predetermined goals in a given period of time. This
department also controls all the other department related to production. The
head of this department is known as Production Controller

(5) Quality Contral Department : Generally the function of quality
control is performed by production planning and control department but some
firms establish a separate quality control department to ensure the quality of
their finished product. Chief Inspeclor is the head of this department. He has a
group of inspectors under him. This department controls the quality at various
Ievel ofproduction.Li
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Oueruiew of Industrial Maruagement ,' li;,i

(6) Engineering Department : This department is headed by chief
engineer. Maintenance of machinery of firm as well as continuous improvement
in machines and tools used in production are included in the function of this
department. Department also prepares various dies used in production.

(7) Purchase Department : Generally the purchase department works
under the chief works manager. The main function of this department includes
the purchase of raw material, machine tools and other necessary items used in
production. This department evaluates the price and quality of purchased
material at the point of purchase.

Various department send their requirement to purchase department which
purchases the items at favourable price.

(8) Sfore Department : Each firm establishes a store department
headed by chief store lzeeper to balance the demand and supply of raw material
and frnished goods. Availability of required type of material of required quality in
adequate quantity, adequate andsafe handling, disposal of scrape, measurement
ofmaterial and record ofentries related to store in related books are the various
functions performed by the store department. Inventory management is also
performed by them.

(9) Maintenarlce Department : Maintenance department is a main and
necessary department of a manufacturing firm. Maintenance department looks
after the various assets of the frrm like machinery, building, vehicles, etc.
Department is headed by Maintenance Manger.

(lO) Security Department i This department is responsible for security
in the industry. Department is headed by Security Director. Department
formulates the security related rules and execute the rules at all the level in the
concern. In case of any accident, investigation and analysis is done by this
department and department also prepares necessary documents.

Along with all above departments, some other departments are also
established such as legal department, export-import department, Safety-Health
and Environment department, etc. in a big manufacturing concern.

.6 OBJECTIVES OF INDUSTRIAL MANAGEMENT
The ultimate objective of industrial management is to produce the right

quantity of right quality goods at the right time. These are attained through :

(l) Manufacturing Costs: The unit cost of the product should be
estimated carefully and every effort should be made to stick to the cost
standards. For this purpose, the efforts should be made to segregate the costs
into two-direct costs and variable costs. Efforts should be made for the
following:

(i) Reduction in the variable costs.
(ii) Reduction in the fixed costs.
(iii) Increase in the volume of production,

spread over more production resulting
absorption.

so that the frxed costs may be
in the reduction in the per unitLi
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1:.8:, Shu\frant'slndustriqlManagement

(iv) The allocation of the fixed overheads should be made on scientific basis.

(2) Machinery and Equipment : The objectives in the area of
machinery and equipment are divided into :

(i) Selection and acquisition of machinery and equipment according to
production process.

(ii) Utilization of machinery and equipment.

The adequacy of the existing machinery should be considered and proper
additions and replacements should be made according to the requirements.
Efforts should also be made to increase the utilization rate of machinery through
repaiq maintenance and maximum occupancy of the machines.

(3) Materials : The materials objectives must be prescribed in terms of
units, rupee value and space requirements. The per unit materials costs should
be specifred and efforts should be made to increase the inventory turnover of all
types of inventories-raw materials, work-in-progress and finished goods.

(4) Marupower: Manpower is an important as well as typical input in
manufacturing activities. So the objectives of the production activities are as
regards manpower must be closely allied with the objectives of selection,
placement, training, rewarding and utilization of manpower. Usually, these
objectives are considered in terms of employee turnover rates, safety
measurements, industrial relations, absenteeism, etc.

(5) Manufacturing Seraices: The provision of proper and adequate
services directly affects the utilization of other inputs such as men, machines and
materials. Proper objectives should be set for the installation of important
facilities such as power, water supply, material handling, etc. In a condensed
form, it can be stated that the objectives of the manufacturing activities are-to
manufacture a quality product on schedule, at the lowest possible costs, with
maximum asset turnover, to achieve consumer satisfaction. This statement is
closely related to the ultimate and intermediate objectives of the production
function.

(6) Product Quality : Generally, the product quality standards are often
established by the product specifications or by the consumers. The
manufacturing organization should try to translate such quality prescriptions
into some measurable objectives. It should be noted that the product quality
comes in conflict with the manufacturing cost objective and the manufacturing
time-schedule. The maintenance of the quality should not result in increase in
manufacturing costs or delay in the production. A proper balance must be
maintained between quality and cost as well as quality and time-schedule.

(7) Manufacturing Schedule: There are many forces which compel
side-tracking in the manufacturing activity. The time schedule should not be set
for the shipment alone; it should be broken up into all the sub-systems like
operating cycle time, inventory turnover rate, machine utilization rate, direct
and indirect man-hours per unit, capacity utilization, machine and Iabour idle
time, set-up, repair and maintenance time, etc. Time schedule objective directly
affects the cost, quality and the goodwill of the business in terms of regularity of
shipment.Li
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t,\
1.7 APPLICATIONS OF

Oueruiew of Industrial Management

INDUSTRIAL MANAGEMENT
Earlier, Indu,strial Ma4agement was mainly applied to manufacturing

industries for impro ions; to 4evelop qork standqr_{s or
to formulate produc policies. Later on, it's use started in
non-manufacturing activities such as construction and transportation, farm and
air-line operation and maintenance, public utilities, government and military
operations. Today also, Industrial Management find major applications in
manufacturing plants and industries. In the present era of cut-throat
competition at various stages ofoperations, an enterprise should produce goods
and services keeping into consideration the requirements and satisfaction of the
potential customer. The objective should be to produce goods at least costs and to
the maximum satisfaction of the buyer. To meet this objective, application of

areas :

: Product design and development
e,ti4gfuoction and several branches of

manufacturing engineering, including
production engineering. If the design of the production is not good from the
production stand point, ii-may iequi.e cottly adjustments to the production
process in terms of equipment, material and man power. If the design is good,
production costs may be low enough to substantially enhance a firm's profrt
making position. The key role of good and effective product design is rapidly
beCiiming evident and firms prominent in competitive market tends to exploit
details of design that reduce production costs or develop product features that
allow it to appeal to a wider market.

and Material HandHn[\ The physical arrangement
of ponents and the 

"q,riprr.lrt 
for handling the material

during production process has considerable effect on cost of production. The
material handling system and the plant layout shouid be most efficient for the
giv n.

od Study and Work Meosurement\ Method study and
me techniques are applied to find out the reld-tionship between output
of goods and services and input of human and material resources. If material
including scrap and waste, can be accurately measured and controlled, it is
possible to do so for labour component too. The problem associated with
measuring labour efficiency are more diffrcult than with material, but they are
not unmeasurable. The measurement should try to frnd the most appropriate
method of performing various operation involved in a production systern so as to
obtain optimum use of resources and man-machine relationship in increasing
produc

J4) Forecasting is necessary if the business
firm is its products and services. Sufficient time
must be allowed to get inputs and transform them into output at right time and
ritht place. Forecasts can be used as an analysis of past data, consideration of
current events and future developments. These forecasts becomes the basis for
the plants and schedules for buying, manufacturing, selling and other activities
of the firm.

*
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S[tu6 hqm,s Industrial Management

Schedulingil In order to co-ordinatedi h organisatiorr, a master plan of activities
and a schedule of their performance is needed. Careful planning anticipates the
need for people, materials and equipment so that sufficient time between order
and delivery of goods and services is available to make necessary changes, if
required. The planning and scheduling of a firm perform a co-ordinated effort
with resources and available time in attempting to utilise the full capacity to the

lri Inventory implies all the materials,
r finished products kept in stocks for some
e items requires careful consideration and

analysis. The purchases should be planned in economic ]ot sizes and the time of
purchase should be so scheduled that the investment in the inventory is at lowest
possible level. This implies determination of economic lot sizes and re-order
level. It also involves exploring reliable sources for obtaining materials and
supplies.

( While planning, scheduling and inventory control
are r g quantity and timing of production, quality control
is responsible for providing quality. Quality must be designed and manufactured
into the product. Although customers may desire higher quality, they may not be
willing to pay the resulting price. In such a way quality standard should be set up
that will be acceptable to the customers and yet economically feasible to thl
product. It is a matter of flrnding a balance between too much and too littlequalitv. 

\(8) ? Control ) lt is very necessary in today,s highly
compet hat organisftion should invest its resources intelligently and
carefully. A major part of these resources are utilised in production activities.
Through it is the prime responsibility of production manager to control the
quantity of the produced goods, proper Industrial Management avoids the
situation of over-production and under-production. In case of over-production
the resources which are scare in nature will be wasted and in the situation of
under production organisation will be unable to meet the demand in the market.
So both the situations will adversely effect the profitability of the company.

(9[ Method Azalysis\ There can be a number of ways in which some
operatioa can be executed. Through Industrial Management we select the most
efficient and economical method to perform the operation. Method analysis
improves the productivity of the concern and minimizes the cost of production.

(10) Worhers\ We have to motivate workers to generate theirinterest d increase'iheir efforts. This can be done by providing them
wage incentives. This will result in an increase of labour productivity.

(111'Otnq Alongwith the above functions andresponsiliilitieq t functions can be included in this list of
functions. Activities such as arrangement of efficient labour, attracl funds,
devise systems for coordinated efforts, to be in touch with modern production
techniques, interaction with marketing, research and dwelopment
departments, meeting environmental and other legislations etc.Li
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Oueruiew of Ind.ustrial Management i:

1..S IMPORTANCE OF INDUSTRIAL MANAGEMENT
Earlier when the scope of business was limited and total production, total

market and total demand was comparatively less, there was no accute need of
industrial management. But now the world has been changed a lot. Now the
enterprises are broader and more diversified. Today the world is of high
production and competition. So the concept of industrial management is
continuously developing and spreading. In the world of cut throat competition
only those product can survive which can be proved to be the best. Now
organisations are focussing on quality control, standardisation and use of
modern techniques in their production systems. The production function is

based upon the effective plans that serves organisation for achieving the
organisational objectives. So we can say that the industrial management is the
key function that plays a vital role in the success of organisation. The results of
industrial management are reflected in the serving of many interested parties of
an organisation such as :

(l) The Consumers.' The consumers benefits from higher productivity,
better and reliable quality, reasonable price, satisfactory service and timely
delivery of goods.

(2) The Inaestors.' The investors get higher return on investment and

their investments obtain capital appreciation also. Market value of securities is
governed by the earning power and asset value ofthe business.

(3) The Community.' When all business which are operating in the
community are prosperous, due to industrial management, we have economic
and social stability and the citizens of that community have pride and
satisfaction.

(4) The Suppliers.' Small or large companies depend upon other
companies as sources of raw materials, Components and services. We have

effective co-operation, best inter communication and mutual confidence between
the business buyers and their suppliers. The company and its suppliers can have

enduring partnership for the satisfaction ofboth.
(5') The Employees.' The employees including the management get

higher remuneration, stable employment, security of jobs, better working
conditions and above all enhanced personal satisfaction through joy of
achievement. High employee morale due to job satisfaction gives higher output.

(6) The Nation.. When all industries in the national economic system
demonstrate industrial management, the entire national economy wiil
accomplish all round security and prosperity.

^ 1.9 PROBLEMS OF INDUSTRIAL MANAGEMENT
The job of industrial management is difficult because of changes in market,

technolory, attitude of people, government regulations, etc. The regular
problems faced in industrial management are :

(l) Problem of Location: Main problem of industrial management is
associated with the selection of plant location. While deciding for the location,Li
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1.12 Sfiu1fiam'slndustrialManagement

industrial management has to keep in mind various aspects such as availability
of efficient labour, nearness of the potential markel, climate and weather
conditions, etc. All the conditioRs can not be favourable at all the times.

(2) Problem of selection of production Method. : After selection of the
location next main problem arises which is related to the selection of production
method. There are various alternative method of production available to produce
a particular product. Industrial management has to select the best method as per
the requirement, sources available and quality of the method.

(3) Problem of, Plant Layaut: probrem of plant layout is one of the
important problem in front of the industrial management. The layout should be
such that it is most suitable for the production of that product and eliminate/
minimises the breakdown in production process.

(4) Problem of Designing of pr-oduct: After selection of labour, the
next problem arises related to the designing ofthe product. Designing ofproduct
should be done carefully because frequent changes are not possible in the
designed product. while designing the product, factors such as specific, identity,
market demand, simplicity in production have to be considered.

(5) Problem of Production and rnaerutory corttrol: problem related
to production and inventory control is also a major problem. Sufficient raw
material for the production function and regular supply of finished product
according to market demand are two major .".po.r.iniuties of industrial
management. The stock of raw material and finished goods should not be more
than the requirement. To ensure this the industrial .rru.rug"-"rrt is facilitated by
various methods such as Economic Order euantity tBOel, Re_order point
(ROP), ABC technique of Inventory Control, etc.

(6) Problem of Quality contror : Maintaining the quality of a product
can be seen as another important problem of industriai -u.rug"1n"rrt. To ensure
the quality of frnished product, industrial management e-nsures inspection
activities at various level of production. Standardisation is aiso done while
keeping this problem in mind.

(7) Labour Problem: For effective and quality production, the need of
efficient and skilled labour arises. The aquision of effitient labour is also one of
the problem of industrial management. After acquiring the labour, their training
is also arranged by the industrial management. Industrial management should
keep eyes on the producbion capacity of the labour and try to improve their
overall performance. Various methods such as work measurement, work
analysis, work supervision and motivational method of'wage payment, etc. can
be aplied by industrial management for this purpose.

(8) Problem of cost control : Any prodtict can survive in the market for
long time when it is available at lower price than its competitors. That can be
possible only by cost control. cost can be controlled by reducing or eliminatilg
the wastage at all level and by maintaining economy in production. Cost control
is also one of the main problem of industrial management.

Apart from all these above problems, sometimes industrial management hasto deal with various problems such as pollution control, limited financial
resources ofthe organisation, government policies and regulations, etc.Li
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Oueruiew of Industrial Management

,.,, ,.OPE OF INDUSTRIAL MANAGEMENT $,
1.f3

The scope of industrial management can be discussed in two broad areas :

4tf-Deglgning of the industrial system and product
,I2) Analyzing and controlling the industrial system
,(ll Actiaities Relating to l11Q_us_U:igtl Sjlslem Designing: Theindustrial managemenl work starts aGoo.tai ir,e ia6a oiproar"tro., of a certaincommodity comes in the mind of an entrepreneur. primary task incrudespreparation of product profile with the help of experts of technological

department and market serveys. plant location and piant layout have to be
decided. Decision relating to the industria

election of an optimum plant
taken regarding production

production system design concerns the

neasurementandincrudesproblemsrdT:t[,11#E:;.il::1T:?J.ili#nt
the plant, materials handling and time studv.

attention toApart from these protrlems, the system designer should pay
two other important problems, vrz. :

'(i) Human factor, i.e., the impact of production system on the workers
operating it and

..(ii) Research and development activities.
These two problems have a vitar impact on industrial system designing.

-(2) Aatiuities Relating to Analysis and control of Actiuities : Thenext problem after -the designing of the industrial system is the analysis and
control of thefproduction systemi It includes all decisions regarding production
administratioh and therefore alffunctions of the -u.rug"-"rit so fbr as they areapplicable to the production system. These form th-e subject matter of theindustrial management. These activities are :

J. "(i) lrqluction_Planning: The first decision in this regard is production
planning. It includes preparation of short-term productior, ,""n"ar1"., plan for
maintaining the records of raw materials and finished and semi-finished stock,
specifying how the production resources ofthe concern are to be employed over
some future time in response to the predicted demand for products and services. 

1

--2G1) Production control: After pranning, tlq next managerial function is tocqgfol-the production according to ttre proar"tion plans ,b-ecause production
plans cannot be activated unless they are properly guided and controlled. For
tbis purpose, production manager has to ,egulutu *tik assignme"t, .*i"*-*o*progress and remove discre it*4qX, in _!\e iituai ara pUrrr"J
performances. The production , hai io*look ilter the production controlactivities at three levels :

such as raw materials, purchased parts,
through the inventory control technique;

Control of static inventory
finished goods and suppliesLi
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ii i Shu\ham's Industrial Management

ontrol of flow of materials into the plants through the technique of
judicious purchasing;

ontrol of work-in-progress through production control.

f ydlfu*9*qfrltoJ.: The other important decision concerns quality
the composite
deteiminffthi;
of the tustome

__nspection and s_.

,!tv\ -C-o1o1dt:ryqtipfr qtith Olher Departments: No plan can be successful
until and unless,, it geJs an active support from rest of the departments of
organisation Fgl rl.LanC_e,-r,r-rarkqqg t provides the data related to
estimated demand withogt_whictr the pl-4n c4n not be prepared.'So
co-ordination with othertepartments is also included under the-scope of
industrial management.

&YQependgrut _ S9yui9_9s aryd Departments: Various services and
departments on which produciton plan is totally dependent is also included in
the scope of industrial management such as standardisation, simplification,
inspection, specialisation and quality control, inventory control, research and
development, diversification, employee amenities, pollution control, etc.

Evtew estioni
1. Defrne Industrial Management and explain its concept.

2, Trace the evolution and historical development of Industrial
Management.

3. How is Industrial Management different from Production Management?

4. How is an industry organised? How is this set-up different for service
organisation?

5. What are the principles of industrial management in an organisation?
6. What are the various objectives of industrial management?

7. Why is industrial management necessary?

8. What is industrial management human relation?
9. What are the application areas of industrial management?

10. Describe clearly the various functions of industrial management in a
modern organisation.

11. What are the responsibilities of a person associated with industrial
management?

12. What is the importance of industrial management?

13. What are the problems associated with industrial management?

14. What is the scope of industrial management?

trtrtrLi
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PRoDUCTTVTTY, PRoDUCTt0N SYSTEMS

AND INDUSTRIAL OWNERSHIP

After reading this chapter, you will understand :

Meaning and concept of productivity

Difference of productivity from production and profitability

Various measurements of productivity

Purpose and benefiis of increasing productivity

I mportance of productivity

Various techniques and procedure for increasing productivity

Various types of production systems-their characteristics, advantages
disadvantages and suitability

Various types of industrial ownership-their salient features, merits, demerits
applications

2.1 PRODUCTIVITY
To understand productivity, we start with discussing the production process.

Fig. (1) shows a simple]roduction process rypleqqnlatren.
lnputs Output

k Material
sx Labour'Capital

ffi Energy
lw lnformation

Production
Function

(Resources': ,Production Service

Fig. (1) Production process

From the figure we observe that there are various inprltq or reSources which
are cojtrlerted- to outp-qt through the_productiop function. The production
function converts the ilpqtsi!to output. Inputs may be in the form of materials,
labour, capital (money), energy, information, etc. Output can be in the form of a
product, service or information.

Having understood this, we will now define productivity.
(2.11
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r'r,r \ . Productivity and Profitability
Profitability is the(ratio of diffe-rerrce of revenue and coq! to iavesLme Of .".,

Profrtability = iE",r"t.ri-- Cottlil"u".J-"nt. Piofitabiiity can be increased by
reducing costs which in turn also increases prodqqtivity. tivity is
a necessary but not a suffrcient cTilditio". For exam can be

\,,

ry
,Vl Partial Productivity

,/ Partial productivity is

2,2 Shu\ftam'slrudustrialMaruagemerfi

Definition
Productivity is defined as the ratio of output to input of a production system,

L.€. 
'

Productivit, - 
outPut
Inputs

productivity within the available resources.

Hence, to increqlj_p_1q{gctlv1ty we want to make this output to
inputs as large as possible which can be practical. This can be achieved by :

ither prodlli"s-Tojggtpyl ylth lhe same inputs.
'Or using fewer inputs for the same outputs.

Productivity-is a common measure of how well a country, indqstry or
business unit is doing using its resources or factors of production.

i ction.

MEASUREMENT OF PRODUCTIVITY
There are three major types of productivity measures :

productivity is the ratio of output to one class of input among many
factors of production. For example, labour productivity measures bhe
productivity of labour. Similarly, material, machine, Iand and capital
productivities can be defined. Thus,

Productivity and Production

refe s arelativeterm.
H9.

e -the productivity
and vice versa. Note that rising productivity does not necessari
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Productiu ity, Production Sy stems und I ndustrial Ownership

-- -Li& 
_o-yy- P ro duc tivity =

,"1 3p1t al Pr o du ctivity =

Output
Labour Input

Output
Capital employed
Output

".--Nlaterial 
productivity =

J2) Total Factor Productivity
Tot to th

labour outp
capital,

Theoutputsandinputsofthecompanymustbeexpressedinacommonunit,,.,
oreferably in monetary value, say rupee value. To compare productivity, indice* 

n' *''.1

are to be adjusted to the base year and must be stated in terms of base year [ -]'i :r

"3\e. This is referred to as 4eflating the input and output factors. D.rse t nother.

Productivity Index =
Productivity during the current year
Productivity during the base period

The t q{-tqfqrrnatlon lor construeting varisus iypes of
.rrodrlg!_iyit:a in_dex are :

Product Identification Information
(2) Accounting Information
(3) Work Measurement Information

and !o on.
Materials input

Net Output
Labour inputs + Capital lnputs

-r-'.-
\totat Factor Productivity =

(3) Total Productivity
Total productivity is the ratio of total output to the sum of all inpul factors.(4-rhlel

Thus, it represents the joint impact of all the input factors in producing the output.

r Total
'! ! a ,1 ,r-t''cl4^.

rlf i--Lj'\(

Total tangillq ostput = value_of_finished goods + yalgg of partiaily frnished
units * dividends from securities * interest
* other income.

Total tangible input = value of human, material, capital, energy anil other
inputs used.

\el c,,r,l Fuj *. c t,l.l 1",,s L- *. i.r!'- , "t f'
G 

': 
lk i1-1; ' 'l

Productivity =

2.2.1, PRODUCTIVI'TY INDEX
Productivity index is used to compare the productivity during the current

-''ear with the productivity rluring the base year. Base year is aty year which the
-'ompanJ uses for comparative study.

^
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S hu6{nm' s I n d,u st rial M aruag em ent

(l) Product ldentification Information
The product catalogs and drawings serve to provide a framework for

identifying the different kinds of products prior to weighting each kind of output
in the mix. Only after proper weighting the outputs can be aggregated.

{2) Ac counting Information
Depending on the sophistication of the accounting system in use, the

weighting of each kind of output may or may not be feasible from accounting
records alone. With a detailed cost accounting system (having data of allocating
labour, material and overhead costs to each kind of product) all the requisite
information may be available.

In the case of seruice or indirect actiuities for which output identification is
seldom available, even sophisticated cost accounting systems tend to lump
together functional costs regardless of the product mix or its change from period
to period. Hence, subsequent to the use of some technique for identifying the
different kinds of seryice outputs, some type of worh, nxeasurerrlenf is usually
necessary to assist in allocating the different costs (weightings) to the different
kinds of products prior to aggregation.

(3) Work Measurement Information
Work measurement is used here to refer to the use of any technique to

determine the amount of labour required to produce each kind of output in a
base period. Such information is needed to complete almost all productivity
computations other than those for raw materials.

Find, the p ctiuity a.nd tota.l productiuity for a
r which the fo is auailable i

Output : fis. 15000, Labour input =.Rs. 4500, Material input Rs. 3000,
Capital input = 4500, Energy iruput = Es. 1500, Other input ex,penses = Es. 750.
Assunte the q.boue uslues q,re in constant rupees with respect to q base period.

Sotution Labour productivity =

Material productivity =

Capital productivity =

Enerry productivity =

Other expenses productivity =

Output 15000

4500Labour input
Output

Material input 3000

Output _15000_B.B
Capital input 4500

Output _15000=10.0
Energy input 1500

Output

15000=_=5.U

Other expenses input
Net output

(Labor * capital) input

_ 15000 
=20.0

750

4otalfactor productivity =

,l€t output = Output - (Material input * Capital input * Energ;z input
* Other expenses input)Li
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{
Productiuity,

Labour *
Therefore, Total

Production Systems and Ind,ustrial Ownership

= 15000 - (3000 + 4500 + 1500 + 750)

= 15000 - 9750 = Rs. 5250

Capital input = (4500 + 4500) = Rs. 9000

factor productivity :ry= 0.58a
9000 ***

15000Total productivity =
15ooo 

= r.os
14250 "***4500 + 3000 + 4500 + 1500 + 750

Solution

ProductiviLv of raw materials
Sales value of output

Value of raw material used

26500 
= r.ro

lO0O x 22

400 units

200 units

1000 kg

250 man-hours

1500 kv,tr

Rs. 33

Rs. 10

Rs.2.0

37'ooo 
= t.12

1000 x 33

Sales value of output with material A

= Output of product X in unit's x rate/unit of X
* output of product Y in unit's ,x ratelunit of Y

= 200 x 75 + 300 x 35 = 15000 + 10,500 =25,50Q

Sales value of output with material B

= 400 x 75 + 200 x 35 = 30,000 + 7,000 : 37000

The partial productivity of different factors of production is as follows :

Products X and Y are being manufactured by a company using
materials A and B. Both materials are equally sui.tq.ble. Product X is expected,
to sell at Rs.75per unit andproduct B at Rs. 35 per unit- The operating datais
giuenbelow:

Output X

Output Y

Quantity of raw material usage

Labour usage

Electric energ'y consumption

Cost of raw material/kg

Labour cost per man hour

Electric /kwhr

Compare the prodaetiuity of materinl labawr and eleeh.i,eolenergyin using
^:aterials A and B. Comment on the relatiue aduantage of using either of the
'-.aterials.

Productivity:Yul-9'19'tP't I

Value of Input

200 units

300 units

1000 kg

300 man-hours

1000 kwh

Rs.22

Rs. 10

Rs. 2.0
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S {tu1fiam's Industri,al Management

Labour oroductivitv
Sales value of ou[put
Value of labour used

:tivitv ofenersv
Sale6 value of"output

Value of electrical energy used

Hence, we see that the productivities at (1) and (B) by using either material A
or B are nearly the same. If labour is the key factor, .use of material B is better as
it yields higher productivity 14.8 > 8.5.

2.3 PURPOSE AND BENEFITS OF INCREASING
PRODUCTTVITY

(1) For Management
(i) To earn good profit because ofreduction in costs.
(ii) To sell more, to earn profit.
(iii) To have better utilization of resources.
(iv) To stand better in the market.
(v) Provide overall prosperity and reputation of the company.

(2) For Workers
(i) Higher wages.

(ii) Better working conditions, improved morale.
(-ii) Higher standard of living.
(iv) Job security and satisfaction.

(3) For Consumers
(i) Better quality goods at reduced prices which helps to raise their

standard of living.
(ii) More satisfaction.

(a) To Government
(i) Higher profits earned by factories will bring more revenue to the

government by taxation.
(ii) Export trades may develop bringing more foreign exchange to the

nation.
(iii) It helps to increase the welfare of the nation and development of national

economy.
(iv) It helps better utilization ofresources ofthe nation.
(v) It increases per capita income.
(vi) Development of the nation.

A

L.

25500__u.5
300 .10

2tr500 
=12.78

1000 r 2

-37'ooo - 14.80
250 x 10

J4qo 
=t2.BB

1500 x 2
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Productiuity, Production Systems snd Industrial Ownership Z,T',

2.4 FACTORS AFFECTING PRODUCTIVITY
Productivity is defined as the ratio between output and input. Thus, all

factors which affect output and inputs will also affect the measure of
productivity. Following factors affect the productivity :

(7) Technological Deuelopment : Technical factors including the
degree of mechanization, technical know-how, raw materials, layout and the
rnethods and techniques of work determine the level of technological
development in any industry. The principal factors in technological development
affecting productivity are :

i) Size of the Plant ; The size of the plant and the capacity-utilization has
direct bearing on productivity. Production below or above the optimum
level will be uneconomical and will tend towards lower level of
productivity.

(ii) Research and Deuelopment : Investment in research and development
may yield better method of work and better design and quality of
products.

(lii) Plant and Job Layout; The arrangement of machines and positions in
the plant and the set-up of the work-bench of an individual worker will
determine how economically and effrciently production will be carried
out.

(iv) Machine qnd Equipment Design; Whether the design of machinery
and equipment is modern and in keeping with the limitations and
capacities of the workers will also determine the production effrciency
and level of productivity.

(v) Production Processes: Advanced production processes involving the
use of modern integrated and automatic machinery and semi-processed
materials have been known to help in raising levels of productivity.

(vi) Power, Re,w Materials, etc..' Improved quality of raw materials and
efficient use of power have a favourable effect on productivity.

lv1l) Sci.entific Management Techniques : Scientific management
techniques such as better planning of work, simplifrcation of methods,
time and motion study, emphasis for reduced wastage and spoilage have
positive effects on productivity.

(2) Ind.iuid.ual Fqctors: Individual factors such as knowledge, skill and
:ttitude also affect the productivity of industry. Knowledge is acquired through
-r'aining, education and interest on the part of learner. Skill is affected by
.rptitude (one's capacity to learn a particular kind of work), personality
emotional maturity, balance of mind, etc.) as also by education, experience,

:raining, etc. Increased knowledge, skill and aptitude certainly increase the
croductivity and a person deficient in these personal attributes is less productive
:han an average man.

(3) Organization. Factors.. Organization factors include various steps
:aken by the organization towards maintaining better industrial relations such
rs delegation and decentralization of authority, participative management,Li
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workers' participation in management, organizational efficiency, proper
personnel policies relating to selection, placement, promotion, wage salary
levels, incentives, merit rating, job evaluation, training and provision for
two-way communicalion, supervision, etc. These factors also influence
motivation.

(4) Worh Enaironment : The importance of proper work environment
and physical conditions on the job has been emphasized by industrial
psychologists and human engineers. Better work environment ensures the
greatest ease at work through better ventilation and light arrangement,
improved safety devices, reduction in noise, introducing suitable rest-pause, etc.

(5) Other Factors.' 'lhere are several other factors that affect
productivity. These are :

(1) Natural Factors: Physical, geographical and climatic conditions
influence the productivity at large. Abundance of natural resources
affects the productivity and similarly climate affects the efficiency of
workers to a great extent.

(11) Managerial Factors; The industrial productivity is influenced very
much through managerial ability and leadership. The managerial ability
of utilizing the available resources to the maximum, organizing capacity,
foresightedness, decision-making ability and entrepreneurship are
certain factors that contribute to productivity.

(iii) Gouernment Policy; Government policies towards industry also
contribute to industrial productivity. Taxation policy, frnancial and
administrative policy, tariff policy and protection policy affect the
productivity to a large extent.

2.5 INCREASING PRODUCTIVITY OF RESOURCES
Increasing productivity of resources implies, getting more number of goods

(output) from the same amount of resources (input). Increasing productivity is
possible through :

(l) Material: Industries in which the cost of raw material is a big
percentage of the cost of finished goods, higher productivity can be achieved
through proper use of materials, i.e., by reducing scrap. Sometimes a little
change in the design of the component or component layout may save a lot of
material. Productivity of materials can also be increased by using correct
process, properly trained workers, suitable material handling and storage
facilities and proper packaging. All these factors reduce scrap rate.

(2) Labour.' A little change in the design of uomponent parts, so as to
facilitate final assembly, can increase the number of products assembled per day
with the same amount of labour.

Work methods, if improved through workstudy techniques, can substantially
increase the rate of production.

(3) Plant Equipment and. Machinery.. Productivity can be increased
through the use of improved tools (e.g., cutting tools in a machine shop), simpleLi
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Producti.u ity, production 
Sy stems and, Ind,ustrial Ow nershlp l, 

:, ii(f
Total production times can be cut short

e setting upmethods, thereby reducing.et_rf
avoid sudden breakdown and add to thl

^rrfr*:{, 
dings.. A suitable 

_plant layo eorientation, ,ff;.il:"."""ffi*r*T, ffi, ;productivity.

2.6 IMPORTANCE OF PRODUCTIVITY
The importance of the concept of productivity can be viewed from thefollowing points :

is an age of cut-throat competition.
can serve as the substitutes of the

hasingpower. The firm
on and can exist in the

(2) Gu
m,ne,,p ,.r" The productivity indices are very useful for

:: ",11?,?ff ; ; :, : : i :',"' c u s e d r", ;i ri";;;; ;;;# 5 ;:: ffi ffi:l Hf :j J:
l: ; Jli::ll? f, :*. : :. ll" "' 

o' ug" - ",i ;;; #;;;;;;; ;ffi""i,i;;tril :l :;T:."r":,1',::-11:r."0:::1,,y -"r.i,.", "r" rru ;.#ffi ,i" ffi ffi;*,fi ::#,,, 
|,,1r;;"?f:i_ "J,:: 

rl^"*T,t 
:r, 

prodl ctivity indices, tr,e errrciency c,r

S,'il"J:llfl t"x*:::::::*,;;;;;;;;"Hil*"d;T::::1".7
;1""T;T,T,.11T:"',",1-trovethe6;il;;ffi:iil;ffi ;TTrX?the productivity of the othu. "o-p"titi""?#..Tactical" Different units or the sectors of the firm can also becompared as regards to their productivity. Tt 

" 
p.oat.tl"rty 

"i the lessproductive units or sectors 
"un 

bu li p."J"a
Planning:
comparison oducing the goods. A
can be had use ofdifferent inputs
helps the m used in Production. It

(iv) 4**rnistration; productivity indices indicate the progress of.the firmover a period ofyears. The productivity oflabour, can be n easured individually. Tindices help the management in bargaini
trade unions and the Government in case
welfare activities.

(3) rndicator of Progress : In economica,y backward countries,productivity movement is basrc aspect oip.ogr"... It impries the deveropment ofan attitude of mind and a constant ,.gJ to better, cheaper, quicker and saferivays of doing a job, manufacturi.rg u p.JJr"t and providi-rrg; #.ri.". In an urge
:Uli:lTJ}: iil#""J:rty, 

new ii""'"ti"". tur." iru"".-ir,'il,"f.oductivity is i.,Li
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2i1.V,', Shn\ftam's Industrial Management

(4) Maximum Utilization of Scarce Resources.. In order to provide
the articles or commodities to the consumers at the lowest possible cost, the
productivity concept urges to utilize the available resources to the maximum for
the satisfaction of customers. The productivity processes and techniques are
designed to facilitate more efficient work involving less fatigue to workers by
improvements in the layout of the plant and work, hetter working environment
and simplification of works.

(5) Key to National Prosperity.' The productivity, in fact, has become
the synonymous to progress. Higher productivity is an index of more production
with the same inputs at lower cost. It enables industry to offer goods to the
general public at cheaper rates and results in expansion of markets. The working
conditions and wages of workers will improve and industrialists too will get
larger profits. Thus, higher productivity is the key to national prosperity. The
secrets ofJapan and Western countries'prosperity lie in increased productivity.

(6) Prosperity to Labour': The higher productivity is a boon to labour
also. It brings improved working conditions, better \\,ages and salaries to
workers, better labour welfare activities etc. Thus, their standard of living is
improved.

(7) Other [/ses .'

(i) Higher productivity increases the profits and reserve funds of the
industry that can be used for expansion and modernization.

(ii) It increases the goodwill of the firm due to cheaper goods to the public,
well-off staff and more profits and better frnancial position.

(iii) It improves the competitive strength of the company in export markets
through reduction in cost of production and quality products.

In this way, increasing productivity is the only way to make the overall
progress of the country.

.7 TECHNIQUES OF INCREASING PRODUCTIVITY
The various techniques or ways by which productivity can be increased are :

(l) Product Deuelopment : Product development reduces work content
due to design defects and excess material removal. It also reduces ineffective
time.

(2) Specialization and Standardization.' Specialization reduces idle
time through variety reduction. Standardization reduces idle time due to short
runs and due to increased batch sizes.

(3) Marhet, Consumer and Prod,uct Research.' Market research is
done to find out the problems relating to sale of goods. Consumer research is the
process of analyzing information obtained from consumers of the products for
making those products more suitable for them. Product research is a research to
find out whether it fulfrlls its functional requirements.

Market, consumer and product research ensure correct quality standards.
Hence, more rejects, rework and waste of material can be avoided.Li
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Productiuity, Prod.uction Systems and Industrial Ownership : 2-*4',

(4) Value Analysis.' This is systematic investigation of the product to
leduce cost and improve value. Value analysis reduces excess work content due
to design defects and excess material.

(5) Process Planning and. Research.' Process planning ensures
selection of correct machines. Thus it reduces work content due to usc of wrong
machines. Process research ensures correct operation and hence excess work
L-ontent due to inefficient process is reduced.

(6) Method Stud.y; Method study is a technique to simplify the job and

develop more economical methods of doing it. By method study, layout may be

,mproved. The wasted movements caused due to bad layout can be eliminated.

(7) Worh Measurement : Proper production planning can be worked out
rnly by knowing accurately the time required for completion ofjob. The standard
:ime for completion of a job is set by the use of work measurement.

(8) Operator Training.' - Through training or re-training of workers,
:ound and uniform working methods can be ensured. Operator training reduces
',rork content due to bad working methods.

(9\ Prod.uction Planning and. Control.' Proper planning and control
:'educes idle time of men and machines. In other words, effective production
:lanning and control will reduce the ineffective time.

(lO) Material Control: Irregular supply of materials may cause idle
.:me of men and machines. Material control ensules right type of material, at
:-:ght time, in right quantities and at competitive prices. It avoids locking up

-.rpital and reduces manufacturing cost.

(ll) Plant Maintenance : Lack of proper maintenance results in
reakdown of machines and plant. This in turn causes idleness of men and

:tachines, reduces productivity and increases cost of manufacturing. Proper
::taintenance reduces idle time of men and machines due to breakdowns. Plant in
. rod condition reduces ineffective time.

(12) Improaed.Worhing Conditions.' Bad working conditions force the
,, l-kers to take more rest. Heating, ventilation, lighting, colour, noise level,

-.:l-sonal comfort, etc., will have their own effect on productivity. Good working
. -,nditions enable the workers to work effrciently to raise productivity.

(13) Safety.' Unsafe conditions and unsafe acts cause accidents.
.-..-cidents results in loss of time. Safety measures will reduce ineffective time due

-r accidents.
(14) Personnel Policy.' This refers to the complete policy of the

.--anagement towards employees, in matters like method of remuneration,
-:lfare services, relations with trade unions, social security, etc. A sound
::rsonnel policy will create a good relationship between management and
,:iployees and reduce ineffective time due to absence, idleness, lateness,

-.,r'elessness, etc.

(15) Incentiaes : Workmen, in general, will not produce on their own
,-pto their capacity. The workers' interest in increased production can be
.,rmulated only by rewards that satisfy them. Incentive wage system (the

'-nount earned is dependent on the production) arouses interest in an employee

- produce more.Li
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2.8 PROCEDURE FOR INCREASING PRODUCTIVITY
(l) Improuing the Existing Method of Plant Operation.' The use of

systematic procedure is recommended to improve the productivity. Method study
and work measurement may be used to improve the existing method to select a
process, machines, tools, etc.

The first step is to gather all information about the process and present it in
a form suitable for study. lnformation gathered may include all operations,
facilities, transportation facilities used, distances moved, all inspections,
inspection tirne, storage facilities and time spent in storage, all drawing and
design specifications etc. This information may be presented in the form of flow
process chart.

The usual technique is the critical examination which consists of asking
questions on every activity shown on the flow process chart and then finding out
the best possible answer. The answers to these questions may result in the
elimination or combination of some of the elements of operation; improvement
in the plant layout; rearranging the operations in an efficient way, proper
selection of machines and tools; reduction of scrap and improvement in quality of
the products manufactured.

(2) Purpose of Operation : Before accepting any operation as absolutely
necessary, the analyst should determine the purpose of the operation. Possibly, it
may be found that some operations are unnecessary.

{3) Design of Part.' The product designs are not permanent. They can be

changed, and improvement is possible. To improve the design, the production
engineer should keep in mind the following points that may be helpful in
reducing the cost of design under study :

(i) Reduce number of parts, thus simplifying the design.

(ii) Reduce the number of operations and length of travel in the
manufacturing by joining parts better and making the machining and
assembly easier.

(iii) Utilize a better and economical material.
(iv) Rely on accuracy for key operations.
(v) Install efficient system ofquality control.
(vi) Standardize the materials, processes, tools used and the sequence of

operations, etc.

(4) Tolerance and Specifications : Functional designers have a

tendency to specify closer tolerance than necessary while developing the
products. Enforcing tolerances that are too tight or rigid tends to increase cost of
production. On the other hand, if the tolerances are too liberal, the value of the
product decreases. It is difficult to achieve interchangeability of manufacture.
Therefore, instead of having tight tolerances which are loosely enforced, it is
necessary to design realistic tolerances and create controls needed to enforce
them strictly. The designers may consult the production engineers and cost
analysis group for setting realistic tolerances. The design should be optimum
based on type of customers in the market.

E.
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(5) Effectiue Utilization of Materials : There are many industries in
which the cost of material is a big percentage of the cost of the finished product.
Many industries have to import a ver1r large proportion of their basic raw
materials and pay for them in scarce foreiga currencies. Under either of these
conditions higher productivity can be achieved through proper use of materials
and reduction of scrap.

The material to be used is actually specified by the designer but the
production engineer should try to find out alternative economical materials
which will not affect the proper functioning of the product.

(6) Process of Manufacture.. There are many manufacturingprocesses.
Moreover, a part or component can be manufactured by two or more processes.
The process selected must be an economical balance of material, manpower.
product desiga, tooling and equipment, plant space and other factors influencing
cost and practicability. The break even analysis may be used for selection of the
economical process for a given volume of production. In order to reduce the cost
considerably, proper speeds and feeds should be used. The grinding of cutting
tool should be proper to enhance the rate ofproduction and reduce the number of
regrindings. Cutting tools should be properly mounted and right lubricant
should be used. Proper maintenance will ensure that plant and machinery is
operating properly and will prolong its life, so reducing capital expenditure.

(7) Set-up and tools.' The economic advantage of lower labour costs is
the controlling factor in the determination of the tooling. Other considerations
such as improved interchangeability, increased accuracy, reduction of labour
trouble, increased rate ofproduction are dominant reasons for use ofjigs and
fixtures.

Set-up times depends on tooling considerations since, it determines the
set-up time and tear-down time. When the ratio of set-up time to production
run-time is high, then the methods engineer should develop possibilities for
set-up and tool improvements.

(8) Working Cond.itions.' Working conditions means the condition of
the plant where the actual work is carried out. Working conditions should be
good, safe and comfortable. Experiments have proved that plants providing good
rvorking conditions have more productivity. Ideaf working conditions will
improve the safety record, reduce absenteeism and tiredness, raise employee
morale, help to motivate the workers to improve their efficiency and hence,
enhance the productivity. Some common conditions for improving working
conditions are :

(i) Proper lighting in the working areas.

(ii) Control of temperature so that it is neither too cold nor too hot.
(iii) Provision of adequate ventilation.
(iv) Controlling excessive noise levels.
(v) Proper cleanliness and good house keeping.
(vi) Arrangement of disposal of dusts, fumes and gases produced during r

operations.
(vii) Provision of necessary protective equipment.
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(9) Ma,terial Handling : Material handling increases the cost of the
product. So it should be minimized as far as possible. The production engineer
should adopt the following objectives related to the material handling :

(i) As far as possible reduce material handling by using mechanical
equipment and a good plant layout.

(ii) Reduce time spent in picking up and handling the materials by installing
efficient material handling systems.

(iii) Make better use of existing handling facilities by proper planning and
scheduling.

Handle material with great care to prevent its damage and reduce
chances of accidents.

Maintain the material handling equipment by routine check ups and
periodic maintenance.

(lO) Plant Layout; Plant layout should be designed to introduce
maximum economy during machining operation. The plant layout should be
such that the material flows smoothly from one operation to the next without
any delay. The machines and various departments should be located such that
there is no back tracking, long moves and work stoppages because of delay in
transportingthe material from one operation to another. Storage areas shouldbe
properly arranged to minimize searching and handling. For better work
efficiency service centres should be located close to production centres. There
should be enough space for the worker to move and operate. Passageways
between working places, roads, tracks, etc., must never be obstructed. Material
handling equipment must be properly installed.

o
Y, 2.9 PRODUCTION SYSTEMS

Production process is an act of making something with the object of

of producing something.' Production involves in producing s with

A
organized procedure for accomplishing the transformation of input elements to
useful output products. Production management takes decisions to evaluate
efficient production process to produce goods at lower cost and at the right time.

In any production process, there is an organized procedure to produce a unit
of output from the several types of inputs as such materials, labour, machines,
facilities, energies, information and technology. Besides input there are so many
factors which affects the conversion process as :

il !yp": of production,

A) Plant location and layout,./
.i3) Management skills,

{d) Suf"ty and maintenance requirements,

.-[61 Available capacity,

jd Goverrrment restrictions, etc.

(iv)

(v)

l-_
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Fig. (Z) shows a general model of the production system.

\
2.10 TYPES OF PRODUCTION SYSTEMS

There are various types of production systems and subsystems as shown in
Itg. (3).

Production

Fig. (3) Types ot proluction 
"y"i",

We will now discuss these in detail.

2,IO-1. FLOW PRODUCTION
It is most useful for product of repetitive nature. Each work is passed to thenext stage immediately after the previous operation is completed without

rvaiting for the frnishing of work as a total baich. In ord.er for the flow to be
smooth, the times that the task requires to be spent on each stage must be of

ment off the flow line. For example,
in the flow line, and be subject to the

svstem is baranced, ,ly-{1elt 
e_r er.er #ffir"H:T:?Jlffi"i;Jli#i;l:

stage b-ut-also all ot6er stages in thsflow Iine. Thus, a raJt o, "r;;;;;;;;6;;

Processing
Operation

Finished Goods
Storage

Fig. (2) A Generat Model of production System
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one stage on a line, which cannot be resolved within the cycle time of the line, will
result in that stage being held up. This in turn causes all previous stages to be
held up and all subsequent stages to mn out of work. Thus, the flow line must be
considered as a single entity and not be allowed to break down at any point.

Ciraracteristics of Flow Production
(.19' The product design, the conversion process and the operations sequence

are 
-ilI identical, 1.e., identical products are produced.

(ZJ Machines and equipment are arranged according to functional layout
pattern.

(€f, Special purpose automatic machines are required to perform
standardised operdtions. -

F4) tne volume of output is generally larqe (mass production) and goods are
produced according to demand.

(5) Fixed path materials'handling equipment is used because of the
predetermined sequence of operations.

F6f Machines capacities are balanced so that materials are fed at one end of
the process and the finibhed product is received at the other end.

Suitability of Flow Production
Flow production is suitable for those industtries which satisfy the following

requirements :

(l) Substantially Constant Demand: If demand is below
expectations, there will be a build-up of frnished work which can give rise to
storage diffrculties. Alternatively, if production is caused to fluctuate along with
demand, then the setting-up and balancing of the flow line will need to be carried
out frequenty, giving an excessive high total cost.

(2) Prod.uct of tash must be stand.ardized : A flow line is inherently
inflexible and cannot accommodate variations in the work required.

(3) Materials must be to specification and deliuered in time: Due
to the inflexibility mentioned above, the flow line cannot accept the variations in
material which can be incorporated if batch or job methods are being used.
Furthermore, if material is not available when it is required, the effect is very
serious. The whole line will be stopped.

(4) Tash must be deftned..' In order that the line will maintain its
balance, all operations must remain constant. This can only be done if the
operations are recorded in detail.

(5) Worh must conform to quality stand.ards.. Using job or batch
methods, variations in quality/errors at one stage can be compensated for by
extra work else where. With flow methods this cannot happen, since, each stage
has a defined operation, with a pre-set allowed time.

(6) Correct plant and equipment must be proaid.ed at each
stage.' Lack of correct apparatus will unbalance a line, causing weakness
throughout the whole sequence. This can result in a severe under-utilization ofLi
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Prod,uctiuity, Production Systems and Industrial Ownership :, :

equipment; should a work-station/stage require a piece of equipment for only a
part of the operation time, this equipment must be provided and l/s
under -utilization accepted.

(7) Maintenance must be by Anticipation, not Default: If
equipment breaks down at any one stage, the whole line is halted. To avoid this, a
programme of preventive maintenance must be in force.

(8) Inspection must be 'In Line' uith Operations: Unless the
inspection stage is balanced with the rest ofthe operations, a dislocation ofthe
flow will inevitable take place.

(9) All stages must be Balanced.. If the requirement that the tasks do
not queue is to be fulfilled, then the time taken at each stage must be the sarne,
i.e., the line must be 'balanced'. Due to an inability to balance stages leads to
inefficiency.

Merits of Flow Production '

-(1) The direqt- l_ab,-qU_f c,orltent wlll be reduced, since the comprehensive
pre-planning which is necessary wiII off,en produie economies in time.

-(2) Assuming the product/task is initially 'designed' correctly, the
reproducibility and hence the accuracy and precision, are high.

) Srnce, inspection is 'in line', deviations from standard are rapidly picked
up.

"(4) since, there is no rest period between operations, work+n-pregglp iq at
a minimum.

-{5) Again, since there is no waiting period, the provision of work-in-progress
stores is unnecessary, and the total storage space required is signifrcantly
reduced.

tr6) tfundlins is reduced.\
,(7) Control (including operations, budgetary, quality and supervisory

control) is simplified, the flow line being virtually self-controlling.

-(8)-Any 
weakness in materials or methods is immediately highlighted.

, ,(Q Material requirements can be planned more accurately.

f10) Investment in materials and resources used for a task can be more
rapidly translated into income from sales.

Demerits of Flow Production
41) Set up costs are _hfgtr-aC e_*pensive plant and equipment are required.\---
.(Q)--It i" not possible topffer q ry1de_pro{_uct range as parts are standardized.

_ -(3)?oor w-orkforce nolivation may-a_f_fec,t quality as jobs tend to be-bori4g
beins reoetitive.

--Wfln1bre-4k4oy,-1-s qr stopqlqs cause whole sy5lgm to stop.

d5) Production lines,tand to bO dedicated to producing one product only.Li
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\ z.ro-z TYPES oF FLow PRoDUCTIoN&j
FIow production can be of following types :

Jl) llass P19duc!io1
It refers to the manufacture of standardized parts or components on a large

scale. Standardization of-.maLgatg[s-m,achines,+roduets-and+rrocesses is. the

given to consumer's order. In
tgg rld plunning and scheduling of th
shows the principle of mass production. '-:1,.r :

l.,HIJI^l F."l
ASSemOleolnPuts products

MFoor ffi M
Fig. (4) Mass Production

Mass production system is employed when production is carried out without

\il,

interruption. For example : automobiles

llSffrtrv,S-f-"gtr1cals, etc. Quality--of pi-oaIffite"d toEe-uniform and high due to
t, electronics- industra tYPe

ETandardilation and mechanisation.

Merits of Mass Production uo'rh.sta-b.e.',
(tf) There is a smooth flow of materials (from one WS to another WS) which

is either straight line,@ circular or S-type.

Q) There are small WIP (work in process) inventories because output of one

becomes input of the other process.

ple.

*,(6) Less storage space for tempo

Demerits of Mass Production

Yl\" 9-.g". machine failure results in a stoppage of the whole operation
following it.

. {2.Eroduction speed is determined by the slowest machine.

,(3) Mass production requires general rather than specific supervision.

{4) Capital intensive owingto installation of special type machines and their
possible duplication along the line.Li
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.{2) Process Production
In this, various processes arg_rtlg{_liqL_ed=atd production is carried on

continuously throuqh a unifo.m effi-ta"daiOra"O .equence of op-erations Ttiis
rlpe of production is used in oT- crucle oil iq-t--_q@Lrrto_pqtroleum,
kerosene, diesel oil, etc. More stress is gi

corfi.mous like petrole , chemical, medicines, 
"tdS'i

material can be

different products. For example, crude oil is analyzed into gas, petrol, kerosene
and diesel oil as shown in frg. (5).

Fig. (5) Analytical Process

9r.
Petrol

Kerosene

DieselOil

rig. (e) 9yllletjg Pt9.99ss

\Ierits of Analytical Process

anufacturing cost per unit is less.

.!2) Size of plant is also small.

.6--Semi-skilled labour with more managerial skill is needed.

\{1 -Or ganisational structure is centralised.\---'
{6) Purpose of production is to produce rather than wait for order since

lemand of the product is continuous.

16) Scale of production is very large.

Demerits of Analytical Process

.(4) Heavy capital investment is required in plant.
12) Less flexibility lies in process production.

{E) Only specific type ofproduct can be produced.

,(1) k is diffrcult to change the location of plant.

)
(
(

J

Finished Product (Soap)
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,(5J Assembly Lines
It was developed in the automobiles industry in USA. Here two or more

components are combined to manufacture a frnished product as shown in frg. (7).
Assembly line is particularly useful when a limited variety of similar products is
to be produced on a mass scale or in fairly large batches on a continuous basis.
The design of assembly line involves the proper balancing of technology and
other manufacturing facilities so as to develop a rational approach of
optimization of results.

INPUT

f,;?^ r'r,r^ .r*. i':r* 
t'n' (7) AssemblY Line

2.'].O-3 INTERMITTENT PRODUCTION
Here the production is i

required. There is not a si s
uniform and the basic product deqrgq changes from time to time. The facilities
are fle,xibG tq udi"{_p.9d"ction accora4g_io the_grder or time.

Characteristics of Intermittent Production
machines and equipm used sg eljejadoBt to a

wi E-
wide variety ofproducts are produced.

he flow of production is intermittent not continuous.
J4) No single sequence of operations is used and adjustments are made after

a certain interval to suit differentjobs or batches.
(6) Functional or process layout is adopted.
.,(6) The components are produced for inventory but they are assembled as

per customer orders.

..(7) The volume of production is generally small.

1O-4 TYPES OF INTERMITTENT PRODUCTION

Jl) bA Production
Job or'make complete'productio a_C!!gle

by an opqrat_or,or agroup_af qpqt4lqr, 1.e., bridge building, dam
ship building, etc. Here

equires a distinct and separate job for
high capital
pi-oduced to

s demand and manufacturing depends on
the receipt of orders.

tr
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Characteristics ofjob production are :

l*.) A wide range of general purpose machines like grinder, drill press,
sharpner, etc. are used.

lzlllariable path material handling machinery are used.

-JCl Y{hol"project is taken as a single operation.

ft) Thgproduct manufactured is customized.

;p-Votrr-e of output is generally less.

{6) Machines and equipments are arranged or assembled at a particular
place, i.e., frxed position layout is used.

. *?-dMork is to be completed on each product before processing the next one.
l-"p) Versatile and skilled labour is needed.

.-F)-J-Iigh capital investment is required.

!0) Control is relatively simple.-
Aduarutages of Job Production are :

fi) Firms' can offer the 'personal touch' which some customers prefer.

Jir) unique or 'one-off orders according to customer needs can be produced.

fui) lt is possible to change the product specification even if work has begun.

Jjv) Quality tends to be very high as workers are skilled and well motivated.

!*) Organization is fairly simple as only one job is done at a time. So
communication, supervision and inspection can be regularly carried out.

9i) It is easier to identify and deal with problems.
Disaduantages ofJob Production are :

€ It is expensive method of production as workforce is skilled.

Jii) A wide range of tools, machines and equipment is needed which is
expensive.

Jrli) selling costs may be very high if the product is highly complex and
technical.

lit) Once a reputation has been made and demand rises, costs can also rise as
the company struggles to meet demands.

2fi _nalc.h?roduction
Production schedule can be made accqlding !g rp"qrfi! order or on the basis

New batch is

-rmpletqd. -of a hitcEls

uced for defrnite customers and not forLi
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inventori pted c*h_emical
i"4gttry, , r1t&c

Charocteristics of Batch Production are :
.$ Organizationally difficult.
(ii) Use of specialized skills.

. (iii) Possibility of high equipment utilization.
{iv) Probability of poor work flow.

Iv) Value added slowly/work completed slowly.

Aduantages of Batch Production are :
,(,i) Fewer machines are required, since machine utilisation is better.
(ii) Specialised supervision is possible.

(iii) Not-so-capital-intensive as low investment is required in machines.

Jiv) Flexibility with respeict to personnel, equipment, etc.

"(v) Job satisfaction for the operatives.

Disaduantages of Batch Production are :
(t) Material handling is more costly since the flow is longer and irregular.

,(ii) Production planning and control is elaborate.
(aii) Generally, the production time is longer .

6v) Work-in-progress ties up large capital and requires space.

ld Skills of a higher order are necessary considering the variety.

2.11. COMPARISON BETWEEN VARIOUS
PRODUCTION SYSTEMS

There are four major production systems-Job production, Batch
production, Mass production and Process production. Although the objective of
each production system is to convert the raw material into finished goods but
each system has its specific characteristics and limitations which makes one
system different from other systems. Following are the different features of
various production systems :

(l) Leael of Production: From the view point of capital investment,
production capacity, size of organisation and number of labour-production is
done at lower level in Job production, moderate in Batch production, large level
in Mass production and at very large level in Process production.

(2) Pattern of Organisation.' On the basis of pattern of organisation
the production system are divided into two categories, in frrst category-Job and
Batch production are included. Mass and process pruduction are included in
second category.

Pattern of organisation in Batch and Job production systems is functional in
which co-ordination is established in activities on top level. The nature of these
activities is centralised. In contrast to it mass and process systems are based on
policy of decentralisation in which rights of planning and policy formulation is

\
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given to various departments. Pattern of organisation in these systems is
departmental.

(3) Prod.uction Cost per Unit.' It is a fact that as the scale of production
increases per unit cost ofproduction decreases. So, per unit cost ofproduction is
minimum in process system and it is maximum in Job production system. From
the view point of per unit cost-the production systems can be arranged in
increasing order as-Process, Mass, Batch and Job.

(4) Production Flexibility.' Since emphasis is given on automation,
heary investment and standardisation is needed in process and mass production.
So flexibility is less in these production systems. In contrast, production is
possible by keeping short term demand of market in mind in Job and Batch
production. So sufficient flexibility is found in these systems.

(5) Decision Mahing.' Since heary investment and automation is
needed in Process and Mass production, so they cannot be changed frequently
because management have to take long term decisions. On the other hand,
decisions are short term and changeable according to the demand of market in
Job and Batch production.

(6) Required Shills and Abilities : Due to need of specialisation, high
-.killed labour is needed in Job production. Specialised work on machine is
t'equired in Batch production while in case of Process and Mass production
.emi-skilled labour can do the job. Therefore, more managerial skill is also
lequired in them.

(7) Employment : In Job and Batch production, the number of labour
:mployed are more but less job security is there due to fluctuations in market
lemand. In Process and Mass production, the number of labour are less due to
:riechanisation and automation but job security is high.

(8) Suitability: Job production is used in building roads, bridges and
lam constructions. Batch production is suitable in machine tools, textile,
:ngineering, etc., where a wide range of products are produced. While mass
rroduction system is useful in automobile, sugar, paper, T! refrigerator, etc.,
rhich have more demand. On the other hand, in case of such products where
:omplex nature of machinery is used like petroleum, dairy, chemicals, iron and
.teel and power industries, process production system is suitable.

2.12 INDUSTRIAL OWNERSHIP
To start-an industry or business, Who-so-ever

uovides the moueybecomes the owne e. Ownership
..vhen applied to an industrial enterprise means title to and possession of the
,rssets of th-e- enterpris_e, tirre powerio determinA the poiic]es of operaTion, and the
"ight to receive and dispose ofthe proceeds. Broadly, money can be arranged for
-rn industry in thre-e different ways :

(1) If the capital is provided hy single individual, it rqknoyn as lnd,iuid.ual
Laryglfbip, Indiuidual -- entrepreneur organisotion, Single ownership_._or' _

! n diu i d u a !p19p1iq@ s hlp_-company.Li
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(2) If the capital is supplied by two or more persons, it refers to partnership
organisation.

(3) If the capital is provided by many persons in the form of shares to an
institute with a legal entity, it is called a Joint Stock Company.

Note that there are other forms of ownership also, but they are merely
outgrowths of the three types mentioned above.

Types of Ownership
The different types of ownership are shown in frg. (8).

(1) lndividual ownership ('t) Producers Co-operative Society ll ) State Enterprises
(2) Partnership .12) Consumers Co-operative Society !2) publiccorporations

.(3) Joint Hindu Family 13) Housing Co-operative Society
Business (HUF) 14) Credit Co_operative Society, etc

(4) Joint Stock Company

.(a) Private Limited Co.

ii; lb) Pubtic Limited co

Fig. (8) Types of lndustrial Ownership Organisation

Now, we will discuss these one by one.

2.13 PRIVATE SECTOR ENTERPRISES

Salient Features
ffi Private sec s and is t sector.

w The main o -_ n profit (rather than service).
ffi Private sector mainly constitutes consumer's goods industries where

profrt possibilities a .

ffi Private sector does not undertake risk), ventures oi those having
low-profrt margi_q._ -

& Private enterprises are run by businessme_n, c l-ected-from the
Private Partnerg.... --

Examples of big and famous private sector enterprises are TISCO, TELCO.
RIL, etc.

Merits
(i) The magnitud
(ii) The effrciency of the priy.elg_eIlgfptise is high.

Co-operative Sector Enterprises
(OR Societies)
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(iii) 1ryu.ru*e of materigt T4JabogIgfry_qum.
(iv) Decision-making is very prompt.

There is no interference in its internal
Government.

(vi) 6n-r"tent persons oecupy- -levels.

Demerits
(i) Private enterprises leads to concentration ofwealth in few hands.
(ii) They lead to unbalanced gowth of industries__and

monopolistic market situation arises.

affairs by politicians or

sometimes

(iii) Profrt is the main-motive which may lead to exploitation of workers and
u qfaif _{e_al tq_ p-q-lsurtlers.

2,I3-I SINGLE PROPRIETORSHIP (INDIVIDUAL OWNERSHIP)
This is th oldect-&gl--of b-uuness organisation. A business

owned by o[re person is called single ownership or sole/ind-ividual proprietorship
enterprise. Here an individu his own
inigrglL'

In this type of enterprise the individual entrepreneur supplies the entire
capital (even if h
himself, and takes
matteq pf decision
and losses are his st him.
This type ofbusiness can be started
aptitude and liuLte c?pital !q- enter 

"T""'15controlled by only one man hence, i
Examples of enterp-rises run by singre owner are printing press, auto repair

shop, wood working plant, a small fabrication shop, etc.,"i.L., retail tradlrs,
service industries and small engineering firms.

summarizing, the salient features of single ownership enterprise are :

w Iqdiuidual ownership and one-man effort.
,w Fnterprise qnd owner entity is same.\_-,'
w Alllishs 

ryfated_to \1119f! ?re couered, by one ou)ner.
a All profits after deduction oftaxes go to the proprietor.
w Minimal legal formality to start.
B tlnlimited tiiuitity, i" *.u of loss, the entire debt or loan is recovered

* O*ry"!:lrtp "!! tnanagement haue no separate entity.

Merits

J)-Easy formation qnd closure as no legal formalities arareqgirg{,
Gi) 

_. 
r k rc iu r i t i - i M 

" 
i 

" 
g 

" 
i i r t, - 

n 
^.v =t_q_qbaacr _Lhe_pro_qwt/s ervic e s,'' "--policies and control

"-l
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(iii) Extrern ely 9a9l decl1.2n-rugk1ng
(iv) HiSh Motiuatjon_; Due to single ownership, all profrts and growth of

business are shared by one owner. He is, therefore, highly motivated to
work for improvement and profit.

(v) Full control of business activities.
,vi) Secrecy.' Trade secrets are easy to maintain. There is no compulsion to

p-u-bli5ti-the account.
(vii) p*"rn al touch for _e_x.csllence.

.(viii)Slmpr:""orrtt":y_ jt_99.t993r_eurion.

Limitations
(i) Limitations on resources.' Due to financial capacity of sole owner.
(ii) - 

riat sttilh Due to human limitation of'excellence
production, marketing, frnance, liaison, etc.

. Glil-pnlimited liability : In case of failure or loss in business, the trader loss
\----' is not covered by anybody else.

. (iu) Lack of continuity.' In case the trader is ill or busy in his family affairs,\-/ the business has to close down. Further, the firm has limited life and
usually ends with the death of the proprietor.

(v) Absence of specialized hnowledge in more than one or two areas of
siness operation.

_ J"_, Unduly stressed owner due to variety ofjobs.
(vii) Generally, due to work pressure and limited capital, sole traders are

exploited by big industries.
(viii) Not suitable for large-size operations due to limited resources.
(ix) Comparatiuely less stable.' Due to non-availability of another person to

share the responsibility.
(x) Limited scope for economies of scale.' When the production volume is

less (as the case of sole ownership), the over-head costs are not widely
distributed on the price of the product. This may be a cause of high cost
of product.

Applications
Single ownership is suitable for :

(l)-For retail trades, service concerns and small engineering firms which''/ require relatively small capital to start with and to run.
(2) For those businesses which do not involve high risks of failure.

.-(3) The business which can be taken care of by one person.

,,' 

ll

.1,3-2 PARTNERSHIP FIRMS
oq
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lship

knowledge, etc. for the purpose of running an enterpri earn
ra-Ttfe-rsIilts are based upon a partn-ership agreement (usually in writingt. It
defines the authority, rights and duties ofeach partner including percentage of
profrt (or loss) sharing. It comes handy in case of disagreement among the
partners.

Partnership becomes necessary when the size of business enterprise grows
beyond a certain limit. The two major differences from sole proprieto.rship firms
are : '"io.,,i

,J.,rNumber of owners are more than one but less than 20.

;2r More capital, asset and diversifred expertise ar.e available due to more
than one owner.

Salient Features
r..m'. More than one but less than twenty partners are needed.

. "w' There mq!! bg an agt:eement among partners which could be written, oral
or implied.

"'ffi Joint liability of all partners in case of liquidation (which may be
proportional to their share in deed).

r. ffi' success of the p-artnersh_ip-firm is possible when there is full trust and
honeity. Sfraring of information, transaction and client dealing is must.

artnership frtqrjs_ not necessarv. However, if

;f*""Time span of partnership firm depends upon the 'will' of all partners. It
can be dissolved on death or any time when all partners agree.

Types of Partnership

r: He covers unlimited liability irrespective of
contributed capital. He participates !!__the_day:tqdaXllanagement of the firm.

The two rnain disadvantages of general partnership are :

ach partner has untirtitedli+bility- for the debts of thofirm.
est to provide qloney because ofthe doubts
ut

These disadvantages are overcome in limited partnership.

"€2) Limited partner.' He covers liabilities linrited to the
capital.

'oflfrriiisileg6lcomplici reminimized
in case of disputes. * JI .* :l: ' ', - l, "
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A disadvantage associated with limited partnership is that the limited
partner has no voice in the management though he has invested in the business.

Merits of Partnership Firms

f)]"tn of formation.' By an agreement or partnership deed.

) Larger poolirug of financiql resources : Due to more number of capital
sharing members.

"(iii) Sharing of managerial skill by partners.

.(iv) Collective business decisions by partners.

J-v) Flexibility in change-over due to lesser number of mutually interactive
members.

.(vi) Secrecy due to lesser members.

Lvii) Active interest by members due to major share in capital and direct risk
in business dealings.

, r(viii) Check and control due to watchfulness of all partners.
(ix) The interest ofpartners is fully protected. In case ofdissatisfaction, any

partner can press for dissolution of deed.

Limitations of Partnership Firms

-(i) Limited capital as compared to joint stock company.

il .(ii) Unlimited liability in case of dissolution of firm.

-(iii) Uncertainty of existence due to death, bankrupty or demand of a partner.

-(rv) Risk of sharing loss due to other partner's misdeeds.

(v) Risk of disharmony due to difference of opinion among partners.

-(vi) Lq.ck of public and institutional confidence: This is due to no
disclosure of accounts and progress report of the frrm.

.(vll) Difficulties in expansioru and mod,erniscttion; This is because not more
than 20 partners can be accommodated in the firm. Therefore, future
fund generation is difficult.

.(aiii) Difficult to withdraw from firm : This is because consent of all other
partners may not be readily forthcoming.

Applicability of Partnership Firms
Partnership is an ideal form of organisation for small scale and medium

size business where there is a limited market, limited risk of loss and limited
capital and limited specialisation in management is needed. Examples
are : wholesale trade, retail trade, commercial forming, small scale industries,
local enterprises, warehousing, transport services, professional services,
marketing services, etc.Li

br
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2.13-3 DISTINCTION BEI'WEEN INDIVIDUAL OWNERSHIP
AND PARTNERSHIP

Minimum 2
Maximum 20

An agreement (Partnership
Deed) is required for its
formation.

Comparatively large capital
contributed by number of
partners.

Registration is necessary
under the Parbnership Act
1932.

Risk spread out amongst the
partners. Proflrt is shared
according to the agreement
reached between themselyes.

The management of the
business is shared by the
partners.

A partner may withdraw
from the flirm and establish
his own enterprise with the
knowledge and secrets of
business,

The problem is examined
from more than one point of
view. Ilence decisions arrived
are likely to be sounder.

Suitable for small as well as
medium seale business.

The partners divide the work
among themselves. Division
of labour is thus possible to
some extent.

I
I
S

2.13-4 IOrNT HINDU FAMILY BUSINESS (HUF)

It is a form of family business governed by the Hindu law. Two systems of
inheritance are common :

(a) Dayabhaga: Both male and female members of the family can
become co-partners in the family business or property. It is only found in West
Bengal in India.

(b) Mitahashara I This system is found in India at places other than
west Bengal. only the male members of the family can become the co-partner in
the family business.

Individual Owner
(One Man Business)

No agreement is required for
its formation.

Limited capital contributed
only by the owner.

Not necessary

Individual owner has to bear
the risk and enjoys iFe entire
proht.

Individual owner has to
manage the entire business.

The individual entrepreneur
can easily maintain the
secrets of the business.

An individual owner may not
be an expert in all aspects of
business. Hence sometimes
his decisions may go wrong.
Suitable for small scale
business only.

Not possible

Membership

Formation

Capital

Registration

Risk/Profrt

Management

Secrecy

Soundness
decisions

Suitability

Divison
Labour
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Property of a Hindu is inherited after the death by his son, grand sons and
great grand sons, i.e., by next three generations. Each member of the three
generations are co-partner in the ancestoral property.

Salient Features
The Hindu Undivided Family business (HUF) (or property) is handled and

controlled by the head of the family, who is called as Karta. other salient
features are as follows :

w Membersh[p1q gr_anted by birth of a child. In case of mitakashara sy stem,
only male child gets aulomatic membtish'rp after the birth.

,{inors can become full-fledged members.
There is no limit on number of members. However, the lower limit is two
members.

re There is no need for the registration of the family business.
m The management of business is handled by Karta of the family.
m Any member can ask for his share of account from the Kq,rta.
w The system is continuous

generation- af'ter- generation.
or perpetual. It runs

& The liability af Karta is unlimited, while the liability of other members is
limited to the share of their property.
Except in West Bengal, only male member can become member of the
business.

IOINT STOCK COMPANY
The most important feature of a .joint.19-of e jg!q! q-t-qqh qompsnv is that it is an

association of individuals w&jsirllgsther*Tlre:_egec to
into shares and want to share prqfit. It is that forrn of

busines;ecJivjUr, which is moit suiGflfor1a-rge=sca]e-business.Jt does nolsuffur
froni limitations of agement as in case of partnershin _frrms_.
Sufficient number of skilled persons End experts may the
bugine.qp p1_o_fessraryUy. The companyjsrn4qac'q{ly _e!.e_c!ed
by the shareholders_who make poli-qies, take decisio pany)

Types of foint Stock Company
There are two types of joint stock companies

JA) Private Limited Company

"(B) Public Limited Company

.l[l Private Limited Company
It isestablished by an Article of Association, which has the following main

features :

Bestriction on the right of the members in transferring the shares.
-Decides the number of its members which c

Restricts involvement of public, other than be its
shares or debentures.

lL
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K A private company must get its accounts audited.
# A private company has to send a certificate along the ctnnuctl returnto theRegistrar of Joint Stock companies stating] that it does not haveshareholders more than fifty u""lrdirg tt " ""-proyl" arrd er,-e-ployee

shareholders.

Actually, a private joint-stock company resembles much with partnership
-:rm and has the advantage that big capiial can be collected than courd be done in:artnership firm.

,Bl Public Limited Company
It is also established by an Article of Association, which has the following:rain features :

-8 No restriction on the right of the members in transferring the shares.# Puts no upper limit on the number of members. Minimum number ofshareholders is seven.

3 Keeps t to invite public to subscribe its shares ordebentu small face value rRs. tO, f OO, etc. ;;r;;;;; 
"'

-w' rt has to hold a generar meeting of its sha4ehorder.s every year.& The company must gets its account audited *"o y"u, uy registered
auditors.

-e A public limited company has to frle with the Registrar of Joint stockcompanies, documents such as consent of the directors, list of directors,director's contract, etc., along with the memorandum of.association andarticles of association.

.\dvantages of foint Stock Companies
, (i) A huge sum of money can be raised.
(ii) It associates limited liability with it.
(iii) Shares are transferable.
(iv) Company's life is not affected by the life (death) of shareholders.
-(v) Services ofspecialists can be obtained.
.(vi) pi.L of loss is divided among many shareholders.
(vii) The company associates with it stability, efficiency and flexibility ofmanagement.

Disadvantages of foint Stock Companies

- (i) A good deal of legal formalities is required for the formation of a joint
stock company.

Jii) Company is managed by big shareholders only.
-(iii) 6*111, paid officiars manage the whole show; they cannot have as highinterests in the company u. th" proprietors can hive.
.(iv) People can commit frauds with the company.
(v) Board of directors and managers who remain familiar with the financiarposition of the company may seil or purchase shares for their personalprofits.Li
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It is diffrcult to maintain secrecy as in partnership.

The team spirit with which partnership works, is lacking in a joint stock

company.

fiii) Dividend responsibilitY.

Applications of foint Stock Companies

-(i) Steel mills,
Jii) Fertiliser factories, and

J+a) gig engineering concerns, etc.

2.'],3-6 DISTINCTION BETWEEN PARTNERSHIP AND

JOINT STOCK COMPANY

Jrli)

Jvii)

3.

4.

5.

6.

Liability is limited to the value of their
share.

In private limited company minimum
number of shareholders is 2 and maximum
number is 50. In public limited company
minimum number of members is 7 and

there is no maximum limit.

A joint stock Co. has a legal existence.

Large amount of capital can be collected.

It is managed by the elected board of
directors.

In public limited company the shares are

ttansferable; but not in private limited
company.

It has permanent/perpetual existence.

Its formation, functioning involves vely
large legal procedures.

Smooth and effrcient management is

possible as it works <ln the democratic
principles.

It has obligation to keep detailed accounts of
business and present the balance sheet and

audit report (by some authorized Chartered
Accountant) to the Government.

It is governed by the Indian Companies Act
of 1956.

In a partnership flrrm, the liability
of the members is unlimited.

Minimum nurnber of partners is
2, and maximum number is 20.

A partnership frrm has no
separate legal entity.

Limited capital.

It is managed by the partners.

The partner cannot transfer his
share without the consent of all
other partners.

It has short life. The partnershiP
may come to an end due to death
or retirement ofany partner.

It can be started verY easilY.

Procedure for registration is
simple and moreover registration
is not compulsory.

Selfish attitude among partners
may create difliculties in
business.

There are no restrictions of
keeping detailed accounts and
they ale not required to be

submitted to Govt.

It is governed by the PartnershiP
Act, 1932.Li
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2 omparison between Private anr Public Limited foint Stock
Companies

The membership is open to
the general public, Any
person interested can
contritlute and become
shareholder.

A minimum of 7 rnembers are\r-/
required to form the
company. There is no limit to
the maximum number of
members.

The statutory meeting has to
be held and the shareholders
elect the directors.

The shares can be resold or
transfened without the
consent ofthe company.

The accounts have to be
audited legally and circulated
among the members of the
company.

Minimum lay-down capital is
legally required before
starting the business.

It has to use only the word
'Limited' at the end of its
name.

It has to have minimum 3
directors,.

Regulations are more strict.
Remuneration of Directors is
restricted to ll% of the net

2.14 G00PERATIVE ENTERPRTSES (SOCTETTES)

f_ qrganisation, wherein persons
vol equality for the fulfrlrnent offieii
common economic interests. The basic alm o-f lqoperative organisation is.

q:rtuel-sgspgrctrqn.

Salient)eatures of cooperative societies
ru Voluntary organization.

8.

9.

10

Membership

Limits to
membership

Election
Directors

Resale
shares

Audit
Accounts

Minimum
Capital

Name

Number of
Directors

Legal Control
Remuneration
of Directors

The membership is confined
to close friends and relatives
of the promoters; they
contribute their capital. They
cannot invite public to share
the capital.

The minimum number of
members required is , Lwo,
while the maximum nuniber
is limited to.5_0.,

There is no need of holding a
statutory meeting to elect the
director.

The shares cannot be resold
or transferred without the
consent of the company.

There is no legal provision of
the audit of company's
account

Can be started with any
amount without any legal
binding.

It has to use words "Private
Limited" at the end of its
name.

It has to have minimum 2
directors.

There are less legal controls.

Restrictions are iess ft-rr

Directors' Remuneration.
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--re- Suite-Q lor relativety economical weaker sections-
help and service.

members.

Democratic set-up.. One person-one vote principle.
m Separate legislative entity: Registration is required.
re Disposal of surplus, interest or profits, among members in accordance

with their share capital.
cial laws deal with the formation and taxation of cooperatives.

Advantages
(i) Daily necqsSittes of life e,an be made anailablg 4llowqryales.
(ii) It is the democratic form of ownership.
(iii) overheads are reduced as members of the cooperative may render

honorary services.

(iv) It promotes cooperation, mutual assistance and the idea of self-hetp.
(v) The chances of large stock-holding (hoarding) and black marketing are

eliminated.

, re person can make huge profits.
mon man is benefited by cooperatives.

(vii)-Monetary help can be secured from government.
(ix) Goods required can be purchased directly from the manufacturers and

therefore can be sold at less rates.

Disadvantages
(i) Since, the members of the cooperative manage the whole show, they may

not be competent enough to make it a good success.

(ii) Finance being limited, specialist's services cannot be taken.
(iii) Conflict may arise among the members on the issue of sharing

responsibility and enjoying authorities.
(iv) Members who are in position may try to take personal advantages

leading to corruption.
(v) Members, being in services elsewhere, may not be able to devote

necessary attention and adequate time for supervising the works of the
cooperative enterprise.

Types of Co-operative Societies

There are basically four types of societies :

(l) Producer cooperatiues which work for group buying and selling such
items as grains, fruit, dairy products, etc.

(2) Consumer's cooperaliues which work in retail trade and services.
(3) Housing cooperatiues which work for contructing and providing houses

to the members.

i.

Li
br

ary
 S

tud
y M

ate
ria

l

Industrial Management: Notes

Page No  48 of 300.



Formation

Fundamental
Principles

Membership

Capital

Tr-ansfer
shares

Liability
Distribution
Profit

Privileges

Management

Contact

(i) Under Co-op. Society Act
(ii) Minimum members is 10

(i) Spirit of co-operation.
(ii) Promote self help and
mutual assistance among
members
(iii) Unity of purpose.
(iv) Community interest.
(v) Socialist bias

Generally local or regional
territory (from limited area)

Limited
A member can withdrau, his
share capital, shares are not
transferable.

Limited
(i) Maximum dividends on
shares 12 percent
(ii) Its main purpose is to
serve members. Profit is not
important.
Govt. gir.es special privileges
to encourage co-operative
movement.

Democratic with equal voting
rights ("One Man One Vote")
Members are generally
known to each other. They
come together to fulfil their
common needs.

Short. It may be dissolved if
the common need is fulfilled,
mernbers lose their interest.

Productiuity, Production Systems and lrudustrial Ownership 2-35

(4) Credit cooperatiues which provide loans to its needy members.

2.14-1. Distinction between Co-operative and foint Stock Company

Under Companies Act.
Minimum members are 2 for
Private Ltd. and 7 for Public
Ltd.
Spirit of competition.
No need for unity of purpose.
Capitalistic bias.
Larger number of
shareholders.

Wide spread membership.

Large capital

Shares are transferable

Limited
No limit on dividend.

Profit motive.

No such special privileges. On
the other hand, Govt.
exercises strict legal control.

Democratic unequal voting
right ("One Share One Vote")

Shareholders have no contact
with each other. They invest
money to earn profit.

Perpetual
existence.

permanent

].15 PUBLIC SECTOR ENTERPRISES

ry

lg
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uch

-\ public sector enterprise is owned and managed by the Stat
-. aim ses is not to earn profit tt to prev

- - ,,rth o ultimately attain self rel cy. SucA dnterprises ard
runtahle- for their results to Earliament and State l,egislature. PublicLi
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enterp
sllply e of public utility services like water

Objectives of public Sector
The objectives ofpublic sector enterprises are :
(1) Equitable distribution of wearth and income by preventingconcentration of economic power in few hands.
(2) Balanced economic deveropment through dispersal of industriallocation.
(3) Adequate employment opportunities.
(4) Speedy agricultural and industrial development without the growth ofmonopolies.
(5) self-suffrciency of the nation in modern technorogy and mangerial skillsso that in due course, the country need no-i depend on foreigncollaboration in capital technology, skill, etc.
(6) To act as role-moder for private sector by avoiding exploitation ofworkers and consumers.
Public sector incrudes (i) State Enterprises and (ii) public corporations.

Merits of Public Sector
(1) Public sector herps in the growth of those industries which require hugeamount of capitar and which cannot flourish under the private sector.(2) Public sector helps in the implementation of the economic plans andenables them. to 

.r9u9h the taiget of achievement within a prescribedperiod by taking initiative in thl establishment of industries of its ownaccord.
(3) Due to the absence of project motive in the public sector, the consumersare benefitted by greater, better and cheaper pr"d;;i..(4) Public enterprise prevents the concentration of wearth in the hands of afew and paves the^ *uy ro. 

"qritabre distritutio.r or wealth amongdifferent sections of community.
(5) Public enterprise encourages industrial growth of under-developed

regions in the country.
(6) Profrts earned by public sector may be used for the general welfare of thecommunity
(7) Public sector offers equitabre employment opportunities to ail; there isno discrimination, as may be in a private .".io..
(8) capital, ra*' materiar, fuel, power and transport are easily madeavailable to them.

Demerits of Public Sector
(1) Public sector can rarery attain the effrcien cy of a private enterprise;wastage and inefficiency can seldom be reducld to a minimum.
(2) Due to heavy administrative expenses, state enterprises are mosily runat a loss leading to additional burden oftaxation on tt 

" 
people.Li
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(3) There is too much interference by the Government and Politicians in the

internal affairs of the public enterprises. As a result, ineffrciency
lncreases.

(4) Delay in decisions is a very common phenomena in public enterprises.
(5) Incompetent persons may occupy high levels.
(6) Workers (unlike in private concerns) shirk work.

2,1,5-1, DISTINCTION BETWEEN PRIVATE SECTOR S-L
AND PUBLIC SECTOR ,/'

of

of

Is

II1

The main objective of private sector is
to earn more and more profit. It
benefits only the owners.

The enterprise is owned And managed
by individual or a group of
individuals.

There is a limit to the capital which
can be raised by private sector.

It causes concentration of wealth in
the hands offew capitalists.

Private sector has to face competition
in the market.

Private Sector dominates in the
production of consumer goods.

There are chances of expioitation of
general public (workers and
consumers).

Private sector does not undertake
risky ventures or those having low
profit margin.

Private Sector leads to unbalanced
growth ofindustries.

Wastage of material and labour is
minimum.

Social benefit is of primary
importance while profrt motive is
glven secondary importance.

It is owned and managed by the
Central or State Government.

Golt. has ample funds and can borrow
more if needed, in the money market
at lower rate. Hence, large amount of
capital can be collected.

It leads to equitable distribution of
wealth and income.

Profit is utilized for the welfare of the
nation.

There is absence of competition.
Generally the projects undertaken
needs huge capital and private sector
is not attracted to them.

It generally dominates in the
production of producer goods.

Public sector enterprises are
subjected to greater control and it
helps to protect the workers and
consumers from exploitation.

It helps in the growth of industries
which require huge capital but useful
for the welfare of the nation even
though pro{it margin is less.

Public sector encourages industrial
growth of under-developed regions in
the country.

Public sector can rarely attain the
efficiency of private sector; wastage
and inefficiency can seldom be
reduced to minimum.
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COMPARISON OF DIFFERENT FORMS OF
INDUSTRIAL OWNERSHIP

Member
> 10, No

Iimit

Moderate
legal
formality

Yes

i

Not
substantial

Few elected
members

Limited to
membels

Moderate

Moderate

Governed
laws

Based on
volume of
business by
members

13-

Cooperative
Society Act
L9t2

Restricted

Exemption

Unlimited

Completely by owner Proportionate to share
being held

Companies Act, 1956

14.

Closure Any time As per Act
Must
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16. Documentati
on

Not much
written
papers

Governed
by will of
owner

By consent
of all
partners

Not much Very
systematic;
Governed
by
Memorand
um of
Association

t7. Suitabilitv Small business,
Dependent on the
expertise of owaer

Medium
business;
depends on
capitai,
expertise
and market
forces

Medium to
large
business;
depends
upon
market
forces

Medium to
large
business:
depends
upon Govt.
priorities

Medium
business;
depends
upon
mutual
benefits of
members

18. Stabiiity Life of
owner

After the
death of
owner
passed to
son

Depends
upon all
partners'
will

Contlnuous Continuous Comparativ
e1y short
life

EVIEW Uestions

1. Define productivity and explain its meaning with suitable examples. How
is it different from production and profrtability?

2. What are the different methods to measure productivity?
3. Describe the various kinds of partial productivity measurement.
4. State the benefits ofincreasing productivity to :

(a) Management (b) Workers (c) Society

5. Explain the importance of productivity.
6. Describe the various techniques of improving productivity.
7. What measures would you suggest to improve productivity of a firm?
8. Discuss the necessity of close interaction between product desiga and

process design on improving productivity.
9. Discuss the effects of the following on productivity :

(a) Plant layout (b) Working conditions (c) Design of part
(d) Manufacturing process (e) combined operations (fl Torerance and
specifications

10. Describe the procedure for increasing productivity.
11. Justify the statement :

"Productiuity is a means for increasing the welfare and wealth of the
n\tion."

12. There are two industries manufacturing two types of plugs. The standard
time per piece is 1.5 minutes. The output of the two industries is 300 and
200 respectively per shift of 8 hours.
(a) What is the productivity of each per shift of 8 hours?Li
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(b) What is the production of each per week (6 days) on the basis of double
shift?

[Ans. (a) Industry I-15116 =0.937; Industry II-5/B =0.625
(b) Industry I-3600; Industry II-2400)

13. Distinguish among the characteristic features of job, batch and flow
production. Mention the reason for you to recommend the type of
production process for :

(a) An industrial unit manufacturing drugs and medicines

(b) A commercial bank providing variety of services to its customers

(c) An industrial unit manufacturing refrigerator
(d) An industrial unit manufacturing paints

14. Differentiate between "job-order production" and "batch production
system". Which amongst these will be suitable for a small-car
manufacturing plant?

15. What are the various forms of industrial ownership? What factors should
be considered for deciding the ownership of an industry before starting it?

16. What are private sector enterprises? Discuss their relative merits and
demerits.

17. What do you understand by single proprietorship frrm? What are the
merits and limitations associated with such firms?

,t., 18. What are the salient features of partnership firms? Discuss the tlpes of
partnership alongwith their merits and limitations.

19. Compare individual ownership with partnership firms.

20. What do you understand by Joint Hindu Family business? Discuss its
salient features.

21. What is a Joint Stock Company? How is it different from partnership
firms?

22. Compare private limited and public limited joint stock companies.

23. Defrne co-operative organisation. State the characteristics ofco-operative
organisation

24. What is the distinction between co-operative and joint stock company?

25. What are the various objectives for forming public sector enterprises?
Discuss thei merits and demerits.

26. How is private sector different from public sector?

27. Make a comparison of different forms of industrial ownership.

L-
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I MANAGEMENT FUNCTIONS

After reading this chapter, you will understand :

Meaning of management-its principles and functions

Different management tools

Time study (Meaning, objectives, uses, benefits and procedure)

ffi Motion study (Meaning, objectives and procedure)

Work study (Meaning, objectives, procedure and benefits)

Process charts (Meaning, symbols and classification with different charts)

Flow diagram (Meaning and drawing with example)

String diagram (Meaning and drawing with example)

3.1. INTRODUCTION
Let us first understand 'what is management' . The management may be

called an art as well as a science. It is an art in the sense that management
means coordinating and getting work done through others. On the other hand, it
is a science in the sense that management techniques are susceptible to
measurement and factual determination.

Management is an executiae function and does not frame policies. It only
implements/executes the policies laid down by the administration. Therefore,
the main functions of management are executive and largely governing. The
various functions of manageqrent _-i,ncludes planning, organising,
motioation, directing, coordination arr{ contVol all futtctions. The

-__managemen-f ptovides new ideas and1managemeEf ptovides- rtrw ifiea€'gnd nisiaa_to !@ olgarusation -Tt provi de s

stability to the enterplis-by changing and modifying the resources in

I ofthe'loqiqlv' So llnasernent onlv

Let us now conside r ad.ministration.Administration is supreme master of
the industry and is needed for controlling any enterprise. Administration makes
policies and decides the goals/targets to be achieved. It coordinates finaruce,
production anddistribution. Anadministrator organises his own work ancl

(3.1)
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that of his subordinates. He delegates responsibility and authority and
measures, evaluates and control position activities.

Finally let us define an organisation. Organisation is a framework of
management. This is a group of persons or a system. The organisation is
concerned witth the building, deaeloping and maintaining of a structure of
utorhing relationship in order to acomplish the objectives of the enterprise.

So we can say that, "Management cqrries out the policies of administration
through the framework of the organisation." The aim of this chapter is to discuss
the functions and principles of management and also discuss various
management tools.

3.2 IMPORTANCE OF MANAGEMENT
No enterprise can be run without management. The importance of

management can be understood as under :

(1) Management guides and controls the activities of man-power for the
.\_--l- optimum utilisation of company resources, such as men, materials,

money, machines, methods etc.

(2) Management creates a vital, dynamic and life giving force to ther--u-!rr1"rrrir".
(3) Management coordinates activities of different departments in an

enterprise and establishes team-spirit among the different persons.

. (4) Management provides new ideas qnd uision to the organisation to do\-'-.tbtter.
agement tackles busiruess problems and provides a tool for the best
of doing things.

(6) It is by management only that we can meet the challenge of change.

(7) Management provides stability to the enterprise by changing and
modifying the resources in accordance with the changing environment of
the society.

(8) Management helpspersonality deuelopmenf. Thereby it raises efficiency
and productivity.

3.3 CTIARACTERISTICS OF MANAGEMENT
nagement is goal oriented. It achieves the organizational goals
ough coordination of the efforts of the personnel. 

--

(2) Management. works as a catalyst to produce goods using labour,
r----tidterials and capital.

t (SLM.ftnagement irs a distinct process comprising of functions such as

'v planning, organising, staffing, directing and controlling.
(4) Management represents a system of authority-a hierarchy of command

and control. Managers at different levels possess varying degrees of
authority.Li
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(5) Management is a unifyiryg-force. It integrates human and other
resources to achieve ttr61e desired objectives.

(6) ManalernglL hc!!!!tonises the individual's goals with the organisational
go al s jq-m141xqz-q 

-co 
qf liqt s in th e or gani s atio n.

(7) Manage4qgnt ipgSnyQl_disciplinary subject.It grew taking the help of

- subjects such as Engineering, Psychology, Sociology, Anthropolory,
Operations Research, etc.

(8) Management is uniuersal i\ claracter. The principles and techniques of
management are equally applicable in the frelds of business, industry,
edudation, government, army, hospitals, etc.

(9) It is scientific in nature as its techniques can be measured and factualy
determined.

(10) Management is an orl because it requires actual work to be done through
other people

re

S, 3.4 OBJECTIVES OF MANAGEMENT
Managerial objectiues are the intended goals which prescribe definite scope

te and suggest direction to the efforts of a manager. They should be clearly defined,
properly communicated and reasonably attainable. Further, these objectives

rn should not be conflicting with the overall organisational goals.

Managerial objectives may be classified as

do .--{1)--General objectives

t -(ZfrP 
ecifrc obj ectives

lst
[1) General objectives
, (i) Nature of business/

nd (D, -eontinuous supply of capital
;of --(iil qlro*th of firm

(iv)_Increasing production and productivity
rcy (ir) Ecdnomic objectiues (e.g., profrt).

(vl Social objectiues (e.g., to offer goods of superior quality and services to
the society at reasonable rates, to provide workers with fair wages and
incentives and to pay taxes honestly, etc.).

rals Qii) Human. objectiues (e.g., to understand the needs of subordinates, to
motivate them and to boost their morale).

)ur, (2) Specific objectives
(i)=!6tule of goods to be produced or services to be rendered.

--r'as '(ffi,ype of Customers (e.B'., rich, poor, individuals, business houses,.-/ Government, etc.
u"q ( lii-r-Market standin g (e.g.,Iocal, national or international).
s oI " ivy-Product diversification, if required.

,''Li
br

ary
 S

tud
y M

ate
ria

l

Industrial Management: Notes

Page No  57 of 300.



I Sliu6{ram's Industrial Management

3.5 MANAGEMENT SKILLS
All managers must have five critical skills : technical skill, interpersonal

skill, conceptual skill, diagnostic skill and political skilr.

[I] Technical Skill
Technical skill involves understanding and demonstrating proficiency in aparticular workplace activity. It is essential for a manager to know which

technical skill should be employed in a particular work situatlion. Technical skills
are things such as using a computer word processing program, creating a budget,
operating a piece of machinery, or preparing u pr"."rrtution. .irre technical skills
used will differ in each level of management. First-level managers may engage in
the actual operations ofthe organizatior.; they need to have ai unde..tanaing or
how production and service occur in the organization in order to direct and
evaluate line employees. Additionally, frrst-line managers need skill in

more technical
to have skill to

[II] Interpersonal Skill
Interpersonal skill involves human relations, or the manager,s ability to

interact effectively with organizational members. Communication is a criticalpart of interpersonal skil. com.rruunicating skill is the ability to pass oninformation to others. Improper, insuffrcient and pooriy expressed
information/instruction can create confusion and annoyar"". e manager with
excellent technical skill but poor interpersonal skill is r.riik"ly to succeed in theirjob. This skill is critical at all levels of management.

Motivation is also a part of interpersonal skill. Motiuating s&i/l inspirses
people to do what the manager wants them to do.

_ Another interpersonal skill is t]ne recd.ership skill.It enables a manager to
lead people working under him. It is the ability tL inspire confidence and trust in
the subordinates in order to have maximum cooperation from them for getting
the work done.

[III] Conceptual Skill
conceptual skill is a manager's ability to see the organizationas a whole, 1.e.,

as a complete entity. It involves understanding how organizational units work
together and how the organization fits into its coirpetitive environment.
conceptual skill is crucial for top managers, whose ability io see ,,the big picture,,
can have major repercussions on the success of the business. However.
conceptual skill is still necessary for middle and supervisory managers, who
must use this skill to envision. For example, how work units ald teami are best
organized.

Decision making shill is a part of conceptual skill. It is the ability of a person
to take timely and accurate decisions. This requires mental abilty and presence
of mind.Li
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Orgaruisationql shill help to select and assign different people to different
works. There is always a right person for the right job.

[IV] Diagnostic Skill
Diagnostic skill is used to investigate problems, decide on a remedy and

implement a solution. Diagnostic skill involves other skills-technical,
interpersonal, conceptual and political. For instance, to determine the root of a
problem, a manager may need to speak with many organizational members or
understand a variety of informational documents. The difference in the use of
diagnostic skill across the three levels of management is primarily due to the
types of problems that must be addressed at each level. For example, first-level
managers may deal primarily with issues of motivation and discipline, such as

determining why a particular employee's performance is flagging and how to
improve it. Middle managers are likely to deal with issues related to larger work
units, such as a plant or sales.office. For instance, a middle-level manager may
have to diagnose why sales in a retail location have dipped. Top managers
diagnose organization-wide problems, and may address issues such as strategic
position, the possibility of outsourcing tasks, or opportunities for overseas
expansion of a business.

[V] Political Skill
Potitical skill involves obtaining power and preventing other employees from

taking away one's power. Managers must use power to achieve organizational
objectives. This skill can often reach goals with less effort than others who lack
political skill. Much like the other skills described, political skill cannot stand
alone as a manager's skill. In particular, using political skill without appropriate
Ievels of other skills can lead to promoting a manager's own interest rather than
leaching organizational goals. Managers at all levels require political skill.
Managers must avoid others taking control that they should have in their work
positions. Top managers may frnd that they need higher levels of political skill in
,rrder to successfully operate in their environments. Interacting with
competitors, suppliers, customers, shareholders, government and the public may
lequire political skill at all levels of management.

3.6 LEVELS OF MANAGEMENT
The terrn 'Leuels of Management' refers to a line of demarcation between

ns in an organi number of levels in
n the size of the woik-force increases

:nd vice versa. The level of management determines a chain of command, the
-rmount of authority and status enjoyed by any managerial position. The levels of
r.nanagement can be classified in three broad categories :

1. Top level/Administrative level

2. Middle level/Executory

3. Lower level/Supervisory/Operative/First line managersLi
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Managers at all these levels perform different functions. The role of
managers at all the three levels is summarizedin frg. (1).

Executive coaching, change rnanagement,
leadership, detegation & empowerment, ete

Problem solving, team building, talent
development, performance management, etc

MIDDLE

Emotional inteiligence &
coaching for performance, etc

Fig. (1) Levels of Management

lll Top Level of management
It consists ofboard ofdirectors, chiefexecutive or managing director. The top

management is the ultimate source of authority and it manages goals and
policies for an enterprise. It devotes more time on planning and coordinating
functions.

The role of the top management can be summarized as follows :

(1) Top management lays down the objectives and broad poricies of the
enterprise.

(2) It issues necessary instmctions for preparation of department budgets,
procedures, schedules, etc.

(3) It prepares strategic plans and policies for the enterprise.
(4) It appoints the executive for middle level, i.e., departmentar managers.
(5) It controls and coordinates the activities of all the departments.
(6) It is also responsible for maintaining a contact with the outside world.
(7) It provides guidance and direction.
(8) The top management is also responsible towards the shareholders for

the performance of the enterprise.

llll Middle Level of Management
The branch managers and departmental managers constitute middle level.

They are responsible to the top management for the functioning of their
department. They devote more time to organizational and directional functions.
In small organization, there is only one layer of middle level of management but
in big enterprises, there may be senior and junior middle level management.
Their role can be emphasized as :

(1) They execute the plans of the organization in accordance with the
policies and directives of the top management.

L
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(2) They make plans for the sub-units of the organization.
(3) They participate in employment and training of lower level

management.

(4) They interpret and explain policies from top level management to lower
level.

(5) They are responsible for coordinating the activities within the division
or department.

(6) They also send important reports and other important data to top level
management.

(7) They evaluate performance ofjunior managers.

(8) They are also responsible for inspiring lower level managers towards
better performance.

[III] Lower Level of Management
Lower level is also known as supervisory/operative level of management. It

-'onsists of supervisors, foreman, section officers, superintendent, etc.
Supervisory management refers to those executives whose work has to be largely
'.rith personal oversight and direction of operative employees. In other words,
:rey are concerned with direction and controlling function of management.
lheir activities include :

(1) Assigning ofjobs and tasks to various workers.
(2) They guide and instruct workers for day to day activities.
(3) They are responsible for the quality as well as quantity of production.
(4) They are also entrusted with the responsibility of maintaining good

industrial relations in the organization.
(5) They communicate workers problems, suggestions and recommendatory

appeals, etc. to the higher level and higher level goals and objectives to
the workers.

(6) They help to solve the grievances of the workers.
(7) They supervise and guide the sub-ordinates.
(8) They are responsible for providing training to the workers.
(9) They arrange necessary materials, machines, tools, etc. for getting the

things done.

10) They prepare periodical reports about the performance of the workers.

f 1) They ensure discipline in the enterprise.

12) They motivate workers.

13) They are the image builders of the enterprise because they are in direct
contact with the workers.Li
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3.7 FUNCTIONS OF MANAGEMENT
Following are the basic elements in various functions of management :

1. Forecasting
tr'orecasting is a necessary preliminary to planning.

Forecasting estimates the future work or what should be done in future;
for example, with regards to sales or production or any other aspect of
business activities.

Forecasting begins with the sales forecast and is followed by production
forecast and forecasts for costs, finance, purchase, profrt or loss, etc.

2. Planning
m Planning all aspects of production, selling, etc., are essential in order to

minimise intangibles.

re Planning is a process by which a manager anticipates the future and
discovers alternative courses of action open to him.

Planning is a rational, economic, systematic way of making decisions
today which will affect the future, e.9., what will be done in future, who
will do it and where it will be done.

In fact, every managerial act is some type of planning.

Without proper planning, the activities of an enterprise may become

confused, haphazard and ineffective. For example, if a refrigerator
making concern does not plan in advance-how many refrigerators and of
what capacities are to be made before the summer starts and thus it does
not procure necessary materials, tools, supplies and personnel in time, it
cannot reach the production targets and hence may not run profitably.

Prior planning is very essential for utilizing the available facilities (men,

materials, machines, etc.) to the best of advantage.

3. Organising
ffi Organising is the process by which the structure and allocation ofjobs is

determined

Organising involves determining activities required to achieve the
established company objectives, grouping these activities in a logical
basis for handling by subordinate (persons), managers and finally,
assigning persons to the job designed. In carrying out the above, the
manager will delegate necessary authority to his subordinates (persons).

They, in turn, will take the necessary responsibility.

Organising means, organising people, materials, jobs, time, etc., and
establishing a framework in which responsibilities are defined and
authorities are laid down.

re

*
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{. Staffing
re Staffing is the process by which managers select, train, promote and

retire their subordinates.
e staffrng involves the developing and placing of qualifred people in the

various jobs in the organisation.
x Staffrng is a continuous process. The aim is to have appropriate persons

to move into vacated positions or positions newly created in the
enterprise.

5. Directing
e Directing is the process by which actual performance of subordinates is

guided towards common goals of the enterprise.
r Directing involves motivating, guiding and supervising subordinates

towards company objectjves.
c Directing thus includes :

(i) Giving instructions to subordinates.
(ii) Guiding the subordinateb to do the work.
(iii) Srrp"rrising the subordinates to make certain that the work done by

-::em is as per the plans established.
* Directing involves functions such as

(a) Leadership, (b) Communication,
(c) Motivation, and (d) Supervision

a) Leadership
x Leadership is the quality of the behaviour of the persons (Managers)

whereby they inspire confidence and trust in their subordinates, get
maximum cooperation from them and guide their activities in organized
effort.

r Leadership is more than personal ability and skill.

b) Communication
I communicating is the process by which ideas are transmitted, received

and understood by others for the purpose of effecting desired results.
r Communication may be verbal or written orders, reports, instruction,

etc.

r A manager communicates to his subordinates as what they should do.
- An ineffective communication leads to confusion, misunderstanding,

dissatisfaction and sometimes even strikes.

c) Motivation
- Motivating means inspiring the subordinates to do a work or to achieve

company objectives effectively and efficiently.
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(d) Supervision
m Supervision is necessary in order to ensure,

(i) that the work is going on as per the plan established, and

(ii) that the workers are doing as they were directed to do.

6. Coordinating
m Coordinating means achieving harmony of individual effort towards the

accomplishment of company objectives.

m Ineffective coordination between different functions of a business

enterprise (such as production, sales, administration, etc.) can ruin the
enterprise.

# Coordination involves making plans that coordinate the activities of
subordinates, regulate their activities on the job and regulate their
communications.

# Besides other factors, informal relationships within an organization also

tend to facilitate co-ordination, because workers who like each other
outside the factory, prefer to work together on the job also.

7. Controlling
Controlltng is the process that measures curyent performance and guides

it towards some predetermined goal.

Controlling involves :

(i) the monitoring of programme activities to make sure that end

objectives are being met.

(ii) the initiation of corrective action as required to over-come problems,
if any, hindering the accomplishment of objectives.

Checks and examinations are required on a periodic basis to ensure that
the things are proceeding as per plans established.

controlling is necessary to ensure that orders are not misunderstood,
rules are not violated and objectives have not been unknowingly shifted.
Control means control of persons and other things.

controlling is a continuous process which measures the progress of
operations, compares, verifies their conformity with the predetermined
plan and takes corrective action, if required.

Hence, we can say that controlling process

(i) Sets standards,

(ii) Measures job performance, and

(iii) Takes corrective action, if required.

B. Decision Making
& Decision making is the process by which a course of action is chosen from

available alternatives for the purpose of achieving desired results.Li
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Al outstanding quality of a successful manager is his ability to -ur."
sound and logical decisions.

Management decisions range from establishing consumer operational
development needs to the selection of a preferred system design
confrguration to many other aspects of business enterprise.

3.8 SCIENTIFIC MANAGEMENT
Scientifrc the facts and

laws that ar se. Scientific
management was first of all introduced by EW Taylor in America (18b6-1915)
rvho is regarded as father of scientific management. Before Taylor business was
managed by the rule of thumb and common sense. Ife-foun-illnEfficiencf-a11-
around the business and introduced scientific management as their solution.
Taylor introduced this only in manufacturing shops but now-a-days it is applied
in a wider sense in all the sections of the factory or enterprise, i.e., shops,
processes and operations, planning, scheduling, budgetary control, stock control,
market research and wage control, etc. It is also applicable to the building,
equipping, operating and buying of raw materials and selling of frnished goods.

Scientifrc management may be defrned 
^,'Ar! 

of lrlo.tgggsrtlyuhqlis ta
'one and the best tpay.ollgqgflJhis is simpffi systematic_4pp_rp4ph_ int, do"e a"d the b"tt *.y

solving ope_ration problems. In short "scien tific manogemeni is the appticiiiin oy

In scientific management, the besL metnoa of doin

s.- Recognise the problem, analyse and define objectives.
quired data.
ible.
alternative.

d, correct actions.

based on experimental results of all the
cases.

Summarising, we can say that scientific management involves :

ientific study and analysis of work;
. Gf scientific selection and training of employees; and

(iij)-5lurruurdisation of raw materials, working conditions and equipment.

-Ums of Scientific Management
The aims of scientific management are :

(a) Increased production: Increase in the rate of production by use of
standardised tools, equipment and methods.

illv
the
the
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(b) Quality control; Improvement in the quality of the output by research,
quality control and inspection devices.

k) Cost reduction; Reduction in the costs of production by rational
planning and regulation and cost control techniques. This also leads to
increased purchasing power of customer due to lower unit cost.

(d) Elimination of auoidqble wastes; Elimination of avoidable wastes in
the use of resources and methods of production.

Right men for right work; Through scientific selection and training,
placement of right person on the right job.

Incentiue wages; Payment of uniform wages to workers and giving
incentives according to their efficiency.

3.8.1 PRINCIPLES OF SCIENTIFIC MANAGEMENT
The scientific managemept approach proposed by Taylor is based on

following five principles :

(1) Use of scientific method.' According to traditional method of
management, decisions were based on opinion, intuition or rule of thumb.
Scientifrc management advocates the use of scientific studies to take managerial
decisions. This is the key difference between traditional and scientific approach.

(2) Scientific selection and training of uorhers.. Every organisation
should follow a scientific system for selection so that only the best worker is
selected for a particularjob. The selected workers are to be trained so that they
do not follow wrong methods at work. Management is responsible for their
education and training. In addition, management should provide opportunities
for development of workers having better capabilities.

(3) Co-operation between labour and, management: Management
should cooperate with the workers. This requires a change of mental attitude in
both-the management and the workers. Taylor described it as "mental
reuolution".

(4) Maximum output.' The management and the workers should try to
achieve maximum output in place of restricted output. This will be beneficial to
both the parties. Maximum output will also be in the interest of the society.

(5) Equal d,iuision of responsibility.. There must be equal division of
responsibility between the managers and the workers. The management should
take responsibility for the work for which it is better suited. For instance,
management should decide the method of work, working conditions, time of
completion of work, etc. instead of leaving these at the discretion of workers. The
management should be responsible for planning and organising the work,
whereas the wcirkers should be responsible for the execution of work as per
instructions of management.

3.8-2 MENTAL REVOLUTION
The basic idea behind the principles of scientific management is to change

the mental attitudes of the workers and the management towards each other'.
Taylor called it'Mentctl Reuolution'. The mental revolution has three aspects :

(e)

(fl
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(i) all out efforts for increase in production;
(ii) creation of the spirit of mutual trust and confidence; and

(iii) inculcating and developing the scientifrc attitude towards problems.

Taylor suggested that management should try to find the best methods of
doing various jobs. They should introduce standardised materials, tools and
equipment so that wastages are reduced. The management should select right
types ofpeople and give them adequate training so as to increase the quantity
and quality of production. It must create good working conditions for optimum
efficiency of the workers. It should perform the decision-making function and
should always give maximum cooperation to the workers to ensure that work is
done according to the scientific techniques.

The workers should also change their attitude towards the management.
They should be disciplined, loyal and sincere in fulfrlling the tasks assigned to
them. They should not waste resources. Both the management and the workers
should trust each other and cooperate in achieving maximum production.

Thus, Taylor stood for creating a mental revolution on the part of
management and workers. It is to be noted that Taylor's thinking was confined
to management at the shop ievel. However, he demonstrated the possibility and
significance of the scientific analysis for the various aspects of management.

Summarising, we can say that Taylor laid emphasis on :

(1) Science and not rule of thumb.
(2) Harmony in group action, rather than discord.

(3) Maximum output in place of restricted output.
(4) Scientifrc selection, training and placement of the workers.
(5) Development of all workers to the fullest extent possible for their own

and organisation's highest prosperity.

3.8-3 TECHNIQUES OF SCIENTIFIC MANAGEMENT
Taylor and his associates suggested the following techniques to implement

the philosophy of scientific management :

(l) Scientific tash setting.' Management should set a standard task
rvhich a worker must do during a day. Taylor termed it "a fair day's worh". It is
the task set up by the managerrrent which an average worker, under average
standardised conditions will do during a working day. This will prevent the
'*'orker from doing work below his capacity.

(2) Worh study.' Work study implies an organised, objective, analytical
and critical assessment of the effrcieny of various operations in an enterprise.

Work study can be conducted by following methods :

(i) Method study : It is conducted to know the best method of doing a job.
It helps in reducing the distance travelled by material, and brings
improvements in handling, transportation, inspection and storage of
raw materials and finished goods.Li
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Motion study : It is conducted to know the movement of an operator of
a machine. There may be some useless motions while the operator is
doing a job. Those motions are to be identifred and eliminated. By
conducting this study, we come to know whether some elements of a job
can be eliminated, combined or their sequence changed to get the best
method of doing a job.

Time study r Time study is the technique of observing and recording
the time required to do each detailed element of an industrial operation.
Through time study the precise time required for each element of a
man's work is determined. It heps in fixing the standard time required to
do a particular job.

Fatigu.e study : Fatigue (physical or mental) has an adverse effect on
worker's health and his efficiency. Fatigue study helps in reducing
fatigue among the workers. Fatigue is generally caused by long working
hours without rest pauses, repetitive operations, excessive specialisation
and poor working conditions. The purpose of fatigue study is to maintain
the operational efficiency of the worke,:s.

(iv)

(3) Planning the task : Taylor advocated that thr planning function
should be separated from the executive function. Workers should not be asked to
choose their own methods and decide what they have to do. The detailed
planning should be done by the planning department. The planning department
should prepare detailed instructions for the workers as to the type, quality and
quantity ofthe products which are to be produced.

(4) Stand.ardisation.' Taylor advocated the standardisation of tools and
equipment, cost system and several other items. Efforts should be made to
provide standardised working environment and methods of production to the
workers.

(5) Scientific selection and training.' The management should design
scientific selection procedure so that rig'ht men are selected for the right jobs.
Workers should be specifically trained for the jobs they are appointed so that
they can perform their jobs effectively.

(6') Diffirential piece-wage plan ; This plan was suggested by Taylor to
attract highly efficient workers. Under this plan, there are two piece-work rates,
one is lower and another is higher. The standard of effrciency is determined
either in the terms of time or output based on time and motion study. If a worker
finishes work within standard time or produces more than standard output
within the standard time, he should be given higher piece rate. On the other
hand, if a worker is below the standard, he shall be given lower piece rate.

(7) Specialisation.' Taylor advocated 'functional foremanship' to
introduce specialisation. He recommended eight foreman in all to control the
various aspects of production. He suggested four foreman in the planning
department, namely, route clerk, instluction card clerk, time and cost clerk and
shop disciplinarian. The four foreman recommended for getting the required
performance from the workers include gang boss, speed boss, repair boss and
inspector.

(ii)
Li
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3.8-4 CONTRIBUTIONS OF SCIENTIFIC MANAGEMENT
The chief contributions of scientific management are :

(1) Emphasis on rational thinking on the part of management replacing the
traditional thumb rules method.

(2) Focus on the need for better methods of industrial work through
systematic study and research. It leads to standardisation of toois,
equipment, materials and work methods. proper selection and training
of workers is also promoted.

(3) Emphasis on planning and control of production leading to division of
responsibility between the workers and management.

(4) Development of cost accounting, elimination of avoidable wastes and
better utilisation of various resources.

(5) Development of incentive plans of wage payment based on systematic
study of work.

(6) Focus on the problem of fatigue and rest in industrial work.
(7) Improving worker-management relationship.
(8) Focus on the need for separate department to control various aspects of

production.

].8-5 ADVANTAGES OF SCIENTIFIC MANAGEMENT
Scientific management is an approach which serves the common interests of

.nployees, workmen and society.

ldvantages to the employees are :
( 1) A better workforce can be created by proper selection and training of the

workers.
(2) coordial relations are developed between the workers and the

management.
(3) The responsibilities of the workers and the management are clearly

defined.
(4) Effrciency of the industry is increased due to standarclisation of tools,

equipment, materials and work methods.
(5) Various resources are better utilised and avoidable wastes are identified

and minimized.
(6) Determination of work to be done by a worker during a working day.

ldvantages to the workers are :
(1) There are opportunities for training and development for workers which

increases their work knowledge and skills.
(2) Detailed instructions and guidance is provided to the workers which

reduces the chances of accidents.
(3) Production linked incentives in pay-package.
(4) Reduction in fatigue due to application of scientific method,s at job.
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(5) Better working conditions and tools. This leads to better health of
workers.

Advantages to the society are :
, (1) Better quality products at lower costs to the people.

' (2) Higher standard of living of people through better products.
(3) Increased productivity in the country.
(4) Industrial peace in the country.
(5) Technological development due to scientific investigation.

3.8-6 CRITICISM OF SCIENTIFIC MANAGEMENT
Sientific management ignores human factors such as personaiity, motivation

and job satisfaction. Worker is regarded as another machine within the industry.
Worker is looked upon as a more instrument of production and reduces him to a
semi-automatic attachment to the machine or tool. So, scientifrc management
was criticized not only by the workers and managers but also by the
psychologists and the general public. Their viewpoints are now discussed.

Worker's Viewpoint
The workers criticized scientific management on the following grounds :

(l) Speeding up of uorhers.' Workers feels that scientific management
treats them like machine demanding maximum output. It does not bother about
the adverse effect of speeding up of work on the physical and mental well being of
the workers.

The counter viewpoint as advocated by followers of scientific management is
that speeding up of work is the result of improved methods of work, tools and
working conditions.

(2) Bored.om : Workers are given a particular job to do in which they are
expected to specialise. This leads to monotony in job, i.e., same job being repeated
again and again. After some time workers may feel boredom.

(3) No scope for initiatiae : Workers are given a particular job with
instructions on how to do it and in what time. There is no scope for initiative or
find new methods of work.

(4) Unemployment.' There is a general feeling among workers that as

the output per worker increases, job opportunities will reduce. This leads to
increase in unemployment.

(5) Weahening of trad.e union.' Scientific management rests on the
fundamental economic principle that harmony of interests exist between
employers and workers. It discourages disputes over the distribution of gains
from increased productivity. In this way it weakens the trade union movement.

(6') Exploitation of workers.' There is a general feeling among workers
that scientifrc management is a clever device for the exploitation of the workers.
They feel that the wages of the workers were not increased in direct proportion
to productivity increases.Li
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Employer's Viewpoint
The employers criticized scientific management on the folrowinggrciunds :(l) Expensiae process : The introduction of ."i;;;ifi" management:equires a lot of money. standardisation of methods of work, tools and::nprovement in working conditions-arl require huge ,,,or.rt of'money. The=mployers have to bear extia cost of planning a"puri-"rt i;;1" industry.(2) Re-organisati.on: The process of introduction of methods of=cientific management in an existing indr.try -"r.rs stoppage of work. Further,-''-rll-capacity production takes some li-u. irr" management has to suffer losses.(3) Lach of financiar contror.. scientific management is silent on the:=-'ue of financiar contror' This can read to inefficiency iilrru 

".rturp.ir".(4) Impracticar 
. functionar foremanship: The eight foremans::commended by Tavlor are not practical. It is nit oo..ilruJo, a worker to:3celve commands from eight bosses at a time and sat'isfytrrJ- urr.

Y' ^ I 
.n**

A principle_is a basic state
:rinking ana actioil: ,piinaib i l:
r_qlegg-ment practices. Thou r nt

=ariageinent, the credit goes to H ocating and publi :j":,rinciples.

_ 
Hinril*:voi |u.t"a 14 principles of management on the basis of his *r=rBerience. They are : - j:l D U;jRC ,OF: _ $),!@si"nofuorh__ ""'DA \_,vS4c SLIE,iE
2. Authority and. Responsibility A.; , - ,3. Discipline Q'* r :r.^i^,'1^ S\,,ffllt-,
4. Unity of command, @ Autf.,o",{rt ,.,,rJ Rclp."r},.,,i..i, ,,1,S.Uruityofd.ireetion - ,i ^ (l
6. Subord.inationof indiai u*l;k*qs 

tlniiS6il n*rr,',,,,"1
7. Remuneration .ltrgi[ir.: ,,
8. Centralisation of autho 16ff ,l ?, ,,t.l,t* I9.scalnrchain iI r']i?r{,{t

ro. order € r{i 'i";il*., 
k{rl'rrr6vt|'ci

l7^. Equity of treat q ."_. -|J -.-
12. Stability i *:-ti $l-d.,)t ti 'r.tfU rl.tB. Initiatiae O ur1 ,, llirirf ,a ,,lJ , ,

rit de Coros Li .-- 
U) fo$t-'rrL ,Jr -r*i.i

l. DivisionofWork | ''r''.
The division of works-mells dividing the workers on tlre_principle thatifferent workers are best frJ!-ed-fsr-differ""r;"ur a"p";ilffi; their personal

'ptitude and skills. Divisionlf w".r.'r".ali" speciarisatiorr.in" main advantage
- f division of work is that the-quatity oi tfr" p-a""tl. i;o;;;;.Li
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.?. Authority and Responsibility
An executive can justice with his responsibility only when he has proper

authority. Responsibility without authority or uice uersa is meaningless.

3. Discipline
Discipline is necessary for efficient functioning of all enterprises..This is a

respect for agreements that are directed at achieving obedience and the outward
marks of respect.

,+; Unity of Command
Unity of command means that employees should receive orders and

instructions from only one boss or supervisor. This means that an employee
should work under only one boss or supervrsor.

@ U"ity of direction
Unity of direction implies that there should be one plan and one head for

each group of activities having the same object.

@ Subordination of individual to general interest
The interests of an individual person should not be permitted to supersede

upon the general interests of the enterprise. This is necessary to maintain unity
and to avoid friction among the employees.

Zr Remuneration' 1"", " .'

Remuneration is the price paid to employee for the services rendered by him
to the enterprise. It should be fair and should bring maximum satisfaction to
both (employee and employer).

i,B'r Centralisation of authority
In an organisation, the authority should be centralised for the best"oy.9'.4all

performance. The authority should not be dispersed among different seCiions.

@J Scalar chain
Scalar chain means that there should be an unbroken line of authority and

command through all levels from the highest (general manager) to lowest ranks
(employee). The managers should be regarded as a chain of superiors.

@ order
This means that everything (e.g., materials) and everyone (human being)

has his place in the organisation.

(! Equity of treatment
Equity of treatment rneans that the manager of the organisation should deal

with the subordinates with kindness and justice. This will make employee more
loyal and devoted towards his duties and management.Li
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rJ stabitity
Instability is-the result of bad management. The stable and secure work

:orce is an assest io th6 eiifeiprise. For example, dn average employee who stays*ith the organisation for a longer time is much better than outstanding
employees who merely come and go.

1Q Initiative
Initiative is one of the keenest satisfactions for an intelligent employee.

if ; Esprit de corps + .,- ?jl .J ,1 r 
;

This principle of management emphasizes the pged for team work among
:he employees.

3.10 MANAGEMENT TOOLS
There may be management situations in which all the needed data for

.olving a problem is not readily available. In such cases, it is necessary to go
ceyond the analytical approach and use the design approach for solviig
problems. The t 

"ititng management
problems are k

Following are the seven management tools
l. Affinity diagrams
2, Interrelationship diagrams
3. Tree d.iagrams
4. Matrix diagrams
5. Matrix data analysis
6, Process decision program charts (pDpC)
7. Arrout diagrams.
The following table list the seven tools and their utilisation.

Table 1. List of seven tools in Nutshell

Afflnity diagrams

Inter-relation
diagrams

Tree diagrams

Matrix diagrams

Used to organise abstract thinking about the problem
1'o arr"l-ayse tn. p.oUt"- in relation to the customers
To analyse the problem in relation to different
nelationship

Used for determining casualities among parts of a
problem

Functional analysis system technique (FAST) in value
engineering

To get the root cause to solve the problem
Used to organise knowledge in matrix format
To establish relationships between various elements
and arrange them in a matrixLi

br
ary

 S
tud

y M
ate

ria
l

Industrial Management: Notes

Page No  73 of 300.



S hub 6am's I ndu strial M anagement

Matrix data analysls

Process decision
program charts
(PDPC)

Arrow diagrams

Principal components technique is performed on matlix
data

'Io take clue from the structured form at and analyse
the problem

Determining which processes to be used by evaluating
events and prospective outcomes using operations
research method

To arrange activities in correct sequence

Used to do 'what fifins' on flow of

3.1 O-1 AFFINITY DIAGRAMS

The affinity diagrams is a very simple technique which is eup
WQIK.

broad
Oide-tfre problem is identifred, generation of solution will be easy.

The major stages in planning for problem solving are :

Stage I : Problem definition

Stage II : Development of strategies i

Stage III : Formulation of action plan

The following steps are used in this technique :

1. Decide the topic on which confusion exists, for example lack or
productivity or how to improve the English language speaking skills of students,
etc.

2. Select a team of right people. The team must have common goals and
interest. The purpose is to frnd the solution of the problem.

3. Allow each member to write down as many contributing factors as

possible to the problem on a data card. The contributing factors may be facts,
opinions and ideas and should be written on separate cards.

4. Spread the card randomly on a table with written matter facing up side.
Now ask the team to logically group and cards.

5. Pick out the pairs of cards which have natural affrnity and arrange them
side by side.

6. Combine the statements of these two cards and form a single sentence.
Write down this statement in a card. This is known as affinity card. This is
done for all pairs of cards having natural affinity.

7. Continue the same steps for affrnity cards. Pair the similar affrnity card
together.

8. Form a new affinity card with a sentence, which reflects both the cards.

9. The above procedure is repeated till all the cards are joined and a single or
a couple of statements emerge.

10. Discuss the changes and generate the solution of problems.

L
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Fig. (2) shows the affinity diagram.

F,r, cill F"t, c"..;l

Affinity Card

lp"t,;-l F,t ill
Affinity Card

Affinity Card

F.t" crd Frt" cil]
Affinity Card

fp;t, cill F,t, c"A

Affinity Card

Affinity Card

AFFINITY CARD

Fig. (2) Affinity Diagram

I

Exercise. Draw an affinity diagram to improue the EaElip!_ly€tng1
; p e ak in g;fulll 9 o fu yQent q.

Solution. The affrnity diagram is shown in frg. (3).

tr;r.l

EI EI
E_l []

t,*,*;l t s-,d"* I

Fig. (3) Affinity diagram to improve the english tanguage speaking

3,IO-2 INTERREI.q.TION DIAGRAMS
The interrelation diagrams are also known as relations diagram.

Interrelation di GD) ir used to find appropriate solutions of the problem

iactors which cause a problem or issue. This technique is often used after the
affrnity diagram had clarifred issues and problems.

Steps

1. Appoint a team which agree on the issue or problem statement.
2. state clearly the issue or problem. write it on a card and place it at the

centre of a board.

3. Ask the team members to think about the problem and provide five
different causes cards for the problem.Li
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Place these cards around the central problem. Now arrange the cards in
such a manner that similar ones are placed together.

Determine if cause-effecf relationship exist between any of the cards. If so,

draw an arrow from the 'cquEe'card to the'effect'card.
Cards that have most arrows going from them tend to be the 'root cantses' .

Cards that have most arrows going to them are the 'root effects'.

From the above discussion, the most important cause and root cause can
be identifred.

Fig. (a) shows the relationship diagram drawn to improve customer
satisfaction.

Good aesthetic
product

Long lasting product

Fig. (4) Example of a relationship diagram drawn to
improve customer satisfaction

3.10-3 TREE DIAGRAMS
A tree diagram is used to obtain best stralBgiej fgf gry obje-ctiue. This is a

technique'which serves thelurpose of developing thJessential means to achieve
an objecJivs qggel.

A tree diagram is a tool which brings the issues and problem revealed by the
affinity diagram and inter-relationship diagram down to operational
planning stage. \

The final chart shows steps from the initial problem to the sequential
development titl the final conclusion. The chart look like a tree and hence called a
tree diagram.

Therefore, a tree d,iagram systematically shotos the means and
procedures necessary to successfully implement a giaen plan.

Steps

1. Identify the problem. Write it on a card. This card is known as objectiue
card.

2. Identify constraints to be taken care of and how the objective can be
achieved. Note them on a separate card.

4.

D.

6.

7.
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4. different
chievingit
cq,rds. Ar

5' 
_D_iscuss secondary cards which wil give many root causes of the problem.
when appropriate one is selected and tackred, the problem wilr be sorved.

Fig. (5) shows a tree diagram constructed to analyse the monthly outgoings
a company.

3.70-4 MATRIX DIAGRAMS
The matrix di

:rterconnections o{

Steps

1. Identify the set of variables to be considered for the anarysis. For
example, consider two variables (goals and action) for a company.

2. Take the goals as rows of a matrix and actions as corumns of the matrix..
3. T)iscuss among the team and frnd out the relation between different

elements. Specify clearly them as strongly related (.), medium related (O)
and weak related (A).

Expenses
Towards

Labour Wages

Maintenance
for lnfrastructure

Development

Fig. (5) Tree diagram for maximize profit
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4. Indicate them in appropriate boxes as shown

5. Analyse the matrix diagram to get a solution

Fig. (6) shows the matrix diagram.

in fig. (6).

of the problem.

in matrix form.

of customer requirement of electronic

Cost effectiveness

High quality

Shareholder value

Fig. (6) . strongly related, O medium related and A weak related showing matrix diagram

3.1.0-5 MATRIX DATA ANALYSIS
This chart is used when the matrix chart does not provide detailed

information suffrciently. This is only method within the new seven tools that is
based on d,ata analysis and gives numcricq.l results. It is important to
mention that other management tools essentially deal with verbal data. The
matrix analysis is also called as multivariate analysis or principal component
analysis.

Let us consider matrix data analysis of customer requirement for an

electronic component of a company.

Following informations are taken from market researchers :

'l.,. Consumer requirements

They are : Price, reliability, delivery and technical support

2. Importance weighting for each customer tequirement

0.2,0.4,0.1 and 0.3 respectively

3. Determination of other best competitors

7, 5, 8 and 6 respectively

4. Company's evaluation

8, 10, 6 and { respectively

The above data are placed

Matrix data analysis
component

Price

Reliability
Delivery

Technical su

8

10

6

4

Matrix diagyam
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The problem of the company is to which action the company should take to
cetter meet key customer requirement. The problem can be solved by matrix
Cata analysis as follow :

From the table, the reliability is the highest in importance (0.4). The

"ompany 
has a lead over its competitor. So, the company should not proceed in

:his direction. Next to reliability, technical support has high importance. The
--ompany is inferior to its best competitor in this category. Therefore, improving
-re quality of technical supporf should be a major objectiae of the
c0mpany.

3.10-6 PROCESS DECTSION PROGRAM CHARTS (p.D.p.C.)
The process decision program chart (PD.PC.) is a very useful and powerful

:rethod to overcome an unfamiliar problem or a goal. PDPC avoids surprises and
lentifies possible counter-measures. This tool encourages team members to

:eink what can happen to a process and how counter measures can be taken.
^ herefore, it provides the mechanism to effectively minimize uncertainty in the
-:lplementation plan.

Let us consider the process decision program chart (PD.PC.) to plan a
= 
:ccessful conference. This is illustrated in frg. (7). The following steps are used :

1. First of all the actiaities are decided. Let the activities be registration,
:resentation and facilities. Here we shall consider only presentation activity.

2. Secondly, the team of experts of the conference will decide about the
factors which mary go wrong with the conference. This is denoted by what if
'r fig. (7).

3. Thirdly, the expert team will decide about the counter nleasures of the
,-'cove factors.

4. The last step is to evaluate the counter measures and to select the optimal
-res by placing O underneath and X under those are rejected.

Objective

Activities

Not Considered
here

Considered
here Not Considered

here

What if

Counter-meas u res

ox
Fig. (7) PDFC for conference presentation
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Fig. (8) shows PDPC for selection a proper route.

X

Baghpat Loni

F i s' ( 8 ) E xa m p' 
" ;: :,',i : JL""i# 

m u t i n g betwee n

3.IO-7 ARROW DIAGRAMS
Arrow diagrams are used for working out optimal schedules for any process.

Controlling can be made effective using arrow diagrams.

This analysis is used to identify the factors that may influence the problem
or goal. The positive factors are reinforced while the negative factors are

eliminated.

The following steps are used :

1. Objective of the problem. Consider the example of stop smohing.

2. Selection of promoting factors. Following are the promoting forces of the
above problem :

poor health, smelly clothing, poor example, cost and impact on others

3. Selection of inhibiting factors. Following are the inhibiting factors :

habit, addition, taste, stress and advertisement

4. Place them in a tabular form.

5. Make appropriate table using arrow diagram.

Poor health >

Smelly clothing -+

Poor example --)

Cost -+

Impact on others -+

<- Habit

< Addiction

< Taste

< Stress

< Advertisement

Take action to strengthen the promoting factors and weaken the inhibiting
factors.

Object : Stop smohing

l-
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3.11 WORK STUD

I, study
, intheh

i _- ,_l! lqe 4
S r aspecf,s rn order t
s- ss and work methods withTe=

Tfre *oit< Jduay rnay nc-
dD IUUUW :

ffi al examination of
efficiency of any
nt.)

" ,Y:* stud,y is a term used to embrace the techniques of methodstudy and worh rneasuretnent (d,iscussed. in nefiLrficre), whichare emproyed to ensure the best possibre use of human and.material resources in carrying out a specified actiaity.
:Bl Objectives-of work study

Work study is designed to achieve the following objectives :

{r-fn" maximum use of plant and equipment.

_2_r-T_he 
most effective use of human work.

,-)-{rovide more and improved physical means to motivate the workers.
4r)4prove the basic process by research and development.

._!-lmprove the methods of operation.

QrEstablishment of standards for measuring performance.
,{, Improve organisation product, planning and control.
8,._Jmprove manpower efficiency at all levels.

C] Basic procedure for work study
The basic procedure of work study consists of the fo,owing steps :l' Define the problem. The first step is to select the job or process or the:cration to be studied.
2. obtain all relevant facts s- --ud:-.at :';r":;';H"r:l;:J';;? ;,- 

---rts

3. Eramine. critically examine all recorded facts associated the probrem.

"*._n' 
o.o.ror. consider the arternative methods and decide which one is the

5' Measure. Establish the standard time using an appropriate work::i:urement technique. Instalr the new method as standard iiactice.
6. Maintain. The new method for the job/process/operation.Li
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[D] Benefits of work study

, Increased productivity and operational effrciency

capacity planning

ployees.

to measure labour efficiency.

oyee morale

lO.-Basis for suitable incentive schemes and provides better job satisfaction

\-.t to employee.

[E] Techniques of work study
There is a frxe! and ordered sequence of analysis used in all work study

exercise. It consists of two categories of activities, namely (a) method study and
(b) work measurement. The work study is shown below in tabular form.

Table for work study components

3:-1,-1,,.ffiTHOD STUDY ORv,/
f,./Method analysis or methods E,

recording and critically identifying the operations pefgrqred and the
movemen a with the aim of making improvements

processes and working conditions. I[ i'-s a nery wide term embracing all of the
physicalas-p-ect of operations, methods, conditions equipment, etc.

According to the British Standards Institute, "metho
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Melbq4 stg[l_s done he most economical
s also termed as work tioi. 

-Method study is useful under following situations :

i 1) High operating cost.

' ! W:rgfi' wastage and residual.
tB) Exeessive movement of materials and workmen.--)

'4) ,Wdre production bottlenecks.
,f 14.or" rejections and rework.

l-6) 9mplaints about quality.,/
,7). Complaints regarding poor working conditions.

18) More number of accidents.
,.9) 

{xcessive use of overtime.

tbiectives of Method Study

P -Ao improve product design and plant layout.' 5l )o standardise work processes, working conditions and tools or
-' equipments, and

6) !s maximise the utilization manpower, materials, machinery and other
--4acilities

r.dvantages of Method Study

' 
7) rN ork simplifrcation.

'Zt )etter working method (cheaper method).,/'rfl Better product quality.
4) Iqrproved plant layout.

lnproved equipment design.

' 
pL. Bett er workin g conditions or environment.
7) Better materials handling system and lesser materials handling cost.
8)-.fmproved work flow.

* igJ l,ess fatigue to workers.
-1-0{ Optimum utilization of all resources.
11) Higher safety to workers.
12) Shorter production cycle time.
13) Higher level ofjob satisfaction for workmen.
14) Reduced material consumption and wastages.
15) Reduced cost ofproduction and higher productivitv.Li
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Procedure of Method Study
The procedure of method study involves the following steps :

(1) Selection of the job to be studied and simplified.
(2) Collection and recording of data about the existing method.
(3) Critical examination or analysis of the data collected.
(4) Development of most practical and economical method.
(5) Installation of new method and evaluation of its efficiency.
(6) Maintenance of new method.

Techniques of Method Study

. (4) Travel charts

3.11,-2 WORK MEASUREMENT
Work measurement is defrned as the application of techniques designed to

establish the work content of a specified task by determining the time required
for carrying out the task at a defined standard of performance by a qualifred
worker.

Objectives of Work Measurement
Objectives of work measurement can be to achieve :

,-_Jl,)--Improved planning and control of activities or operations.
'Reliable ideas for workers performance.

-ReHable basis for workers cost control.
Basis for suitable incentive schemes.

Advantages of Work Measurement
Work measurement helps :

(1) To develop a basis for comparing alternate methods developed in method
studyby establishingthe work content in each method of doingthe job.

(2) To prepare logical work schedules by accurate assessment of human
work.

(3) To set standards of performances for labour utilization by establishing
the labour standards for a part of work, operation or product under
ordinary working condition.

(4) To compare actual time taken by the worker with the allowed time
(standard time) for effective control of labour.

(5)

(6)

To assist in labour cost estimation.

To provide information related to estimation of tenders, fixation of
selling price and assessment of delivery schedule.Li
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Techniques of Work Measurement
The main techniques used to measure work are :(1) Direct Time Study.
(2) Synthesis Method.
(3) Analytical Estimating.
(4) Pre-determined Motion Time System (pM.T.S.).
(5) Work Sampling or Activity Sampling or Ratio Delay Method.

3.12 TIME STUDY

[A] Meaning and definition of time study

of total time required to
erving and recording. The

ed. 
rform each element of an

The time study is defrned as follows :

* *e ree&!!94l9,per{onn each

'Bl Objectives of time study

determine through direct observation,
fied task and hence to calculate the

worker working at a normal speed
method.

The other objectives are :

(i) To set labour standard for satisfactory performance.(ii) 1o compare alternative methods in method study in order to serect thebest method.
(iii) To determine standard costs related to the work.(iv) To determine equipment and labour requirements.
(v) To determine the no-mal times.
tvi) To set the compretion schedules for individuar operation of.job.vii) To determine the cycle time for completion of a job.

'iii) To determine the number of equrpments an operator can handle.(ix) To balance the work of operators in production or assembly lines.(x) To provide a basis for setting incentive wages.,rr, 
ll.fl;::,jr".. 

, basis of lomparison Io. derermining operatingLi
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[C] Uses of time study
(i) Manpower planning

(ii) Arriving at cost standards per unit of output for the various jobs used for
cost control and budgeting for deciding on sales price.

(iii) Determining the work content and thereby setting wages and incentives.
(iv) Arriving at job schedules for production planning purposes.
(v) Comparing the work efficiency or different operators operating a

machine.
(vi) g"lpirrg in the method study

(a) To appropriately sequence the work of an operator and the machines
or that a group ofworkers

(b) To compare costs of various other method.s
(c) To highlight time more consuming elements

(vii) Product design by supplying basic data on costs of alternative materials
and methods required to manufacture the product.

[D] Benefits/Advantages of time study
(i) Time studies may be taken for checking operator complaints about time

rates.
(ii) During a time study, the observer may note inconsistencies, in method.s

or motion sequences used by individual operators, leading to various
recommendation.

(iii) observations during a time study may enable the engineer to
recommend further improvements in work methods and work place
layout.

output standards are easily convertible into standard labour costs per
unit of output.
output standards also facilitate evaluation of machine capacities, which
aids plant engineers in selecting alternate machine for purchase and use..

output standards facilitate scheduling and controrting the line ofproducti d sipment, tool
and ope t and through
balancin n

3.13 TIME STUDY PROCEDURE

[A] Equipments
The equipments used in carrying out time study consists of following

equipments

1. Sfop watch. This is a watch which is used to calculate the time taken in
doing a particular part ofajob.

2, stud.y board. This is a flat board which is used to record time.

(iv)

(v)

(vi)
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3. Time study forms. printed
time studies recorded in a standard
depending upon the method used.

forms of a fixed size are used to make the
manner. Several types of forms are used

[B] Time study procedure
The steps involved in carrying out time study are as follows :

(1) Selecting the job to be studied
The primary step in time study is the selection of the job to be studied. The

reasons for selecting a job for time study are :

(i) New job taken for production.
(ii) Change in manufagturing method.
(iii) Design change.
(iv) Change in raw material or components used for a job.
(v) workers have complained that time standard is not logical.
(vi) When labour cost is high.

(vii) To find out plant utilisation where the output is considered low.
(viii) To compare the efficiency of two arternative methods.
(ix) To establish standard time as a basis for incentive scheme.

(2) Select the worker to be studied/timed
An ideal worker is termed as quatified worker.A quarifred worker may not beavailable in the organisation. Therefore, a best avaiiable worker is chosen andhis rating is determined as compared with qualified *o.to"r.

(3) Breaking the job into elements
The job to be studied is divided into basic elements. An element is a separate

yg{orthe.specifred job selected for convenience of observation, measurement
ano analvsls-

@) fiming of each element
The time taken in each erement is measured with the help of stop watch.

(5) Averaging
A number of readings are taken for each erement dependingupon the level ofaccuracy desired and length of work cycle. The numblr of tiines for which anelement is to be studied can be frxed with the folowing ro.-riu ,

rvhere N is the size of sample workers and X stands for individual time values forvarlous elements.Li
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(6) fioting
For each element, a standard time is fixed before hand. Rating factor is

determined by comparing the actual speed of working (of the worker studied)
with the standard speed of working of the qualified worker.

(7) Determination of normal or basic time
Once, the rating of the worker under observation is assessed then it is

compared with the standard rating of qualifred worker.
Normal or basic time = Observed time x Rating factor

= Observed time x
Observed rating
Standard rating

(8) Determinqtion of relevant allowances
Once, the basic time per cycle required by the qualified worker to perform

each element at standard rat'e of working is determined, the next step is to
determine the time allowance to be given to the operator for relaxation, fatigue,
contingency, etc.

The following allowances are
(i) Relaxation allowance
(ii) Process allowance
(iii) Special allowance
(i) Relq.xation. allowqnce. The relaxation allowance is granted to allow the

worker to recover from physiological and psychological effects of carrying a
particular work under specifred conditions. It also attends personal need. This
relaxation allowance is an addition to basic time.

6i) Process allowance. A process allowance is an allowance of time given to
compensate for enforced idleness on the part of an operator due to the character

'of the process or operation on which he is employed.

o11) Special allowance. Special allowances are given for activities not
normally forming part of the operation, cycle but essential to satisfactory
performance of the work.

3.14 MOTION STUDY

[A] Meaning and Definition of motion study
Motion study or movement study is aformal engineering arualysis of motions

performed to accomplish work. The motions or movements of a worker play an
important part in the fabrication or manufacture of the products. By carefully
observing a worker his unnecessary and unproductive motions or movements
can be identifred and can be eliminated.

There are various defrnitions of motion study. Few of them are as follows :

m Motion study is defrned asanalysis of an operation uhen carried, out
in term.s of irudiaidual motions of a worhenLi
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m Mofion study is the sc,ience of etiminating wastefuilness resulting
from unnecessary, ill treated. and. irueffiiient motion.

# Motion study 
_is formal engineering analysis of motion performed

to accomplish uorh with the intent to eliminate utaste motions
and ill-treated. inefficient motions.

w Motion study is a systematic and scientific method of the motions
unnecessary, wasteful and unuanted motions.

The purpose of motion study is to design an improved method which
:liminates unnecessary motions and employs human efforts more productivity.

[B] Objectives of motion study
1. Eliminating unwanted motions.
2. Simplifying complex motions.
3. Increase the efficiency of-activities.
4. Improving the order of necessary motions.
5. Change the sequence ofactivities.
6. Improve the materials handling process.
7. Make the activity more safe.
8. standardize the optimum procedures and working conditions so that the

:mployees uniformly use the best possible way of performing activity.

[C] Basic procedure of motion study
The following steps are used for basic procedure of motion study :

1. select the job or process to be studied keeping in view humcm, technical
and other factors. The job selected should u" capatte*ofyielding results so that
:he cost may be reduced. The folrowing points are to be consid-ered :

(i) High rate of rejected work due to ineffective use of materiars and
machine capacity.

(ii) Workers complaints high fatigue from the job.
(iii) Extra operating costs due to bad plant layout and

movement of men and materials.
unnecessary

2. collection of all related facts regarding present and proposed work
:rethods using correct recording techniques.

3. To examine the recorded facts carefully. It is then decided whether some
:lements can be removed, combined or simplified. This steps ensures the defects
:n existing methods.

4. Develop the latest and improved method. Improvement may be brought
:n any of the following ways :

(i) Improved product design and material specifications
(ii) Effect've tools and equipment
(iii) I-O.oued sequence of operations
fiv) lpprorud )ayoutLi

br
ary

 S
tud

y M
ate

ria
l

Industrial Management: Notes

Page No  89 of 300.



5. Select the new method and its requirements.

6. Install the new method with coordination of supervisor and operator.

7. A proper training should be given to operators for the new method.

[D] Techniques of Motion Study
(l) THERBLIG Analysis.' Therblig was suggested by Gilbreth (Gilbreth

spelt backwards with one transposition). Therblig are used to describe the basic
elements of movements or fundamental hand motions of the work cycle. Each
type of motion is called a therblig and represented by a defrnite colour and with a
word or two to record the same. A single operation can consist of many therblig.
Various Therblig alongwith their symbol are shown in table I.

Table I : Therblig along with their symbol

#
it-

/ 

a\
\o/

Transport empty \--l Use

search O' Hord

lt
n

Find @ Select +
ptan P Retease load

(2) Micromotion study.' Micromotion study is defrned as the study of
fundamental elements of an operation. It is carried out with the help of a hig'h
speed movie camera in order to eliminate the unnecessary motions involved in
the operation and ba-lancing the necessary motion. The elements or motions are
finite subdivisions of the work cycle. These elements are expressed in the units of
TMU where 1 TMU = 0.0006 minute. These motion elements were classifred
into basic elements known as fundamental motions or therbligs.

3.1.5 PROCESS CIIARTS
In general, a chart may be a diagram, a picture or a graph that gives an

overall view of a situation say a proces s. A chart representing a process rnay
be called as a process chart.

A process chart records graphically or diagrammatically in sequence, the
operations connected with the process. Therefore, a process chart is a
representation of eaents and information related to the process d.uring
a series or operations.

In an organisation, producing any product, process chart is a diagrammatic
representation of all the activities of operation passing from beginning with the
first operation to the last operatiorr, i.e., completion of product. It is important to
mention here that process charts represent a picture of a given process so clearly

Assemble

Disassemble

Avoidable delay

Unavoidable delay

Transport loaded

Rest

Position

lnspect

Preposition

Grasp

q.

)
0

B
a

Li
br

ary
 S

tud
y M

ate
ria

l

Industrial Management: Notes

Page No  90 of 300.



il Management Functions

:li:.:*ry step of the process can be understood by those who will study the
- narts.

charts are generally 
_represented by symbors. The forowing five basic

.r-mbols are used to record different types of events.

It indicates the main steps in process, method
or procedure. The operation may involve
modification of a material, change in location
or condition of product. Example : Cutting a
bar on a power hacksaw.

This represents a stage when a raw material
awaits an action or an item has been retained
for some time for reference purposes. Example
: refrigerators in a stock room.
It indicates work waiting between consecutive
operations or object laid aside before next
operation is performed on it. Example : power
failure, waiting for the lift or a traffic jain.
It indicates the movement of workers
materials or equipment from one place to other
place. It indicates a change in location of the
object. Example : steel rods being sent from
stores to machine, aeroplane flying from one
city to another.
This sholvs an examination or check on quality):

h.

n
E

r:

or quantity of the product. Example : checking
the hardness ofa metal oiece.

In addition of above basic symbols, there are two more symbols for combined
,ictivities. The important event has the outer symbol. These symbols are :

Example : Articles are being pained as they are
transported by chain conveyor.

Example : Power milk tin is being weighted
(inspection) as it is filled. Both the events occur
simultaneouslv.

3.16 CI,{.SSIFICATION OF PROCESS CHARTS
Process charts are of the following three types :

l. Flow process chart
2, Outline process chart
3. Two hand,ed process chart

Symbols used in Process chart

Operation

Delay or
temporary
storage

Transportation

lnspection

()
(Circle)

\7
(lnverted
triangle)

Operation cum
transportation

Inspection cum
operation

HJ
Arrow

w thin sphere

o
Circle

w thrn sphere
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1. Flow process chart
Flow process chart is defined as a graphical representation of all operatiols,

transportations, inspections, delays and storage during a process. This includes
information considered necessary for analysis such as time required, distance
moved, quantity, etc.

There are three types of flow process charts, namely
(i) Main type or operator type. It records what the worker does, 1.e., it

represents the process in terms of activities of the man or the operator.
(ii) Material type or product type. It records what happens to the

material, j.e., process in terms of the events which occur to the material
or product.

(iii) Bquioment type ar machine type. It records how the equipment is
used, 1.e., the process in terms of machine or equipment.

Fig. (g) shows the flow process (material/product type) chart for flow of
product.

Activity

Castings lying in
foundary store

Moved to gas
cutting machine

Wait, cutting
machine being set

Rises cut

Wait for trolly

Moved to machine
shop

Inspected before
machining

Operations

CtrVD
Distance fime

Moved (rz) (minutes)

10

10

L5

Fig. (9) (Material/product) type flow process chart

2. Outline process chart
process siders
ryatiops of the
'mateii ed into the process and sequence of all

operations and inspections associated with the process

Fig. (10) shows an outline process chart of changing refril of a ball point pen.
Let the chart begins with the process ofunscrew cap and the chart ends at

screw the cap.Li
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Outline (opration) process chart of changing refill of a ball point pen

Unscrew cap

Unscrew neck

Remove the odd refill '

Assemble the spring on new refill

Place the refill in the barrel

Screw the neck

Check if ball pen writes

Screw the cap

Fig. (10) Outline process chart

In this chart, the general flow of the process is indicated by vertical line while
horizontal line is used to indicate the material being introduced.

Objectives of operation process chart
1. It helps to decide whether a further and more detailed record is needed.

Let, there are two main units in a production process known as X
and Y.

The unit X has three operations A, B and C, then an inspection and after that
,perations D, E and F.

The unit Y has four operations G, H, J and K and then inspectiort and after
itat one operation L. Wheru all operations are completed, the final operation M is
pplied to get the product and it is again finally inspected.

In this process, there are 12 operations and three inspections. Draw the
ttline process chart.
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2. It helps the analyst to visualise the process for examination as a means for
better understanding and improvement of the process.

3. It shows relationship between different activities.
4. Actually an outline process chart is the frrst step or the beginning of

detailed analysis.
5. It is used in the design stages to assist the layout of the plant and location

of one department with respect to the other.

3. Two handed process chart
The two hand process chart is a chart in which the activities of the worker's

hands (left hand and right hand) are recorded in their relationship to one
another. Such a chart is generally used for repetitive works of short duration.

the same symbols are used as in case of other charts but with different
meaning of symbols. The symbols and their descriptions are shown below :

For activities for gr:asp, position, use release, of total,
nt or material

,.
N.

Time during which the hand or limb being charted as idle

Movement (hand or limb) from the work or a tool or material

Procedure for prepofing two-handed process chdrt
1. First of all study the operation cycle few times.
2. Observe one hand at a time and record few symbols.
3. Start observing and recording at a position which could be easily

distinguished.
4. Care must be taken while observing and recording. No activities should

be left otherwise it will affect the whole study.
5. Avoid combining different activities unless they actually occur at the

same time.
A two-handed process chart is shown in frg. (11).

Nut and Bolt

Hold is used to represent the activity of holding work, tool or
material

Idle

Pick up nut

To left hand

Assemble (screw up)

Pick up bolt

Hold

Hold

Hold

L
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Summary of operations (i.e., activity is performed)

Fig. (12) Two handed process chart

3.17 FLOW DIAGRAM.
In a manufacturing shop or a repair shop or in any other department, there

ie movements of ma't a@ IocatlqL_to another location. A
1ow diagrary is udrauing indi.catbte llre paths of tugn, materia[or
:omponeits' on a scale plan of uorh, area, d.epartmeii or factory. T]he
:.th of movement (l.e., movement between two locations and the number of' nes movement is repeated) can be better visualised by drawing flow diagram.

Steps used in drawing a flow chart
Following steps are used :

(i) Draw to scale the plan of the work area.
(ii) Mark the relative positions of machine tools, benches, store, racks,

inspection booths, etc.
iii) From different observations, draw the actual path movements of the

material or the worker on the diagram and indicate the direction of
movement.

Example. Fig. (13) shows a flow diagram in which raw material from the
': -re goes out of the factory.

.S

1e

l.

nt

I
L

-

,ld

he

I

p

number of times an

Fig. (13) Flow diagramLi
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The description is as follows :

(i) The raw material from the store moves to a station A. The movement is
shown by arrow 1. The halting position of material in store is shown by
reverse triangle 1.

(ii) At station A, an operation is performed. The material is semifinished.
This operation is shown by circle 1 because this is the first operation.

(iii) The semi-finished product is sent to another place B. This is shown by
arrow 2. AtB, another operation is carried out which is denoted by circle
2being second process.

(iii) Now the material is moved from B to c. This process is shown by arrow S

because this is third shifting. At c, the material is inspected which is
shown by square 1 as it is first process of inspection.

(iv) From c the material is sent to bench D. The process is shown by arrow 4
being fourth shifting. At D, the material halts. This process is shown by
the letter Dl as it is first process of halting.

(v) Finally, the material goes to factory. This process is shown by arrow 5
being fifth shifting.

3.1.8 STRING DIAGRAM
When the paths are many and repetitive, a flow diagram of that process

becomes complicated. It is neither traceable nor understandable. Under such a
case string diagram is used.

String diagram is a simple tool for analysing and d.esigning worh
spaces such that ntouements can be minimised^

string diagram is a model or a scale plan of the shop, in which every machine
or equipment is marked and a peg or pin is struck. A continuous string or thread
traces the path taken by the materials or workers while performing a particular
operation.

Steps for construction of string diagram
The following steps are used for the construction of a string diagram :

(i) Draw the scale-layout of the shop (working) area and mark various
features, such as machinery, workbenches, other equipments, store, etc.

(ii) Mount this scale drawing on a soft board. Identify the points in the
process where actions take place and make the positions of these on the
map with map pins or pegs. More pegs may be struck in between the
facilities to trace more or less, the actual path of men and materials.

(iii) Make the string at the start and finish points. This is done to make the
path followed by workers or materials.

(iv) The thread when measured gives approximately the total distance
travelled by a worker or the material.

(v) Rearrange the movable items on the map, aiming to reduce the total
distance.Li
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EVIEW Uestions

l. Define'management','organisation, and,administration,.
2. How is management important for running an organisation?
3. Explain the different characteristics of management.
4. what are the various objectives of management?
5. what are the various management skills necessary for managers?
6. Explain the different levels of management alongwith their duties.
7. Explain the various functions of management. How are these functions

inter-related?

8. what is meant by scientific Management? How does it influence various
management functions?

9. Discuss the principles of management.
10. what do you mean by management tools? Name the different

management tools.
11. Discuss the followings :

(i) Affrnity diagrams
(ii) Inter-relation diagrams
(iii) Tree diagrams
(iv) Matrix diagramLi
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(v) Matrix data analysis
(vi) Process decision program charts (P.D.P.C.)

(vii) Arrow diagrams.

12. Draw an affinity diagram to imrpove the English speaking skills of
students.

13. Explain an interrelationship diagram to improve customer satisfaction.
14. Discuss a tree diagram for maximize the profrt of a company.

15. Construct a chart for matrix data analysis of customer requirement of an
electronic component.

16. Construct a P.D.P.C. chart for a successful conference.

17. Represent an arrow diagram for stop smoking.
18. What is meant by work study? What is the basic procedure of work study?

19. Describe the technique of work study. What are the benefits of work
study?

20. What is time study? What are the objectives of time study? What are the
benefits of time study?

21. What do you mean by time study? Explain the time study procedure. Give
some uses of time study.

22. Give the meaning and defrnitioh of motion study. What are the objectives
of motion study?

23. Defrne motion study. Explain the basic procedure of motion study.
24. What do you mean by a process chart? Explain the symbols used in a

process chart.

25. Give the classification of process chart. Explain any one of them.
26. Explain the following charts :

(i) Flow process chart
(ii) Outline process chart
(iii) Two handed process chart.

27. Draw and explain a material type flow process chart.
28. Draw and explain an outline process chart of changing refill of a ball point

pen.

29. Explain the procedure for preparing tvi,o handed process chart. Draw two
handed process chart for assembling nut and bolt.

30. What is a flow diagram? Discuss with example, the different steps used in
drawing a flow diagram.

31. Explain with a suitable example a string diagram.
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PRODUCTION PLANNING

After reading this chapter, you will understand :

x Meaning of production planning, production control and production planning and

control

# lmportance, objectives and characteristlcs of production planning

s Process and pre-requisite for production planning

x Objectives, characteristics, benefits and elements of production control

m Production planning and control-its objectives and process

x Routing process

x Scheduling process

x Techniques of scheduling

6 Master Production Schedule (MPS)

* Specification of production requirements

{.1 INTRODUCTION
We know that production is a process by which goods or services are created.

l.rese goods or services are created by performing a set of manufacturing
:erations in a pre-determined sequence that transforms the raw material
.:,puts) to a desired form (output).

In simple language, planning means preparing a scheme in advance before
-:::'ting the actual work. So, production planning essentially consists of
: anning production activities in an industry before actually starting the

-erations. Thus, it can be said that production planning is concerned with
-:ecifying how the production resources of the business enterprises are to be
- =ployed over a given future time period in response to the predicted/forecasted
:=nand for the product or services. Production planning involves management

"..:ision relating to how much to produce, what materials, parts and tools will be

=eded, what steps should be followed in the production process, within what
re limit the production is to be completed and how much work is to be done by

mt
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each work station. Production planning is a pre-production activity involving
arranging facilities and designing the production system. It is based on sales
commitments as to quantity, delivery dates, price, quality, etc.

No matter how well one plans, objectives or goals can onlybe reached if plans
are properly executed. This requires control during execution-phase. Control
implies supervision of operations with the help of mechanisms that give feedback
about the progress of the work. The control mechanism is responsible for
subsequent adjustment, modification and redefining of plans and targets in
order to ensure attainment of pre-specifred goals. In our context production
control means the process that measures current performance and ensures that
production is as per standards laid down in advance. It is a directive which
regulates for all orderly flow of materials and co-ordination of the different
production operations. Production control is directing right from the time raw
material is put to the production process till it comes out as a frnished product.
Under production control it is watched whether production is going according to
the planning or not. The main purpose of production control is to produce the
goods according to the levels set by plans through the best and cheapest way and
also ensuring required standard and quality at the right time in the required
quantity.

Relationship between Planning and Controlling
Many people are of the view that production planning embraces both

planning and control. In a broader sense production planning also covers
production control activities. But if we see more deeply we find that production
control comes after production planning. It indicates that these two are distinct
but interdependent and interrelated activities.

As already mentioned, planning will be useless if there is no control at the
implementation stage and controlling will not be possible unless there is
sufficient planning. Unplanned actions cannot be controlled. In reality, both
these terms are complimentary to each other. Production planning and
production control are independent activities which are closely associated with
the planning function that contributes to the smooth discharge of controlling
function as it provides objective, standards, programs, budgets, etc.

The aim ofthis chapter is to discuss various objects ofproduction planning
and production control.

4.2 0BIECTIVES OF PRODUCTION PI_ANNTNG
Production planning is very much important for todays industry. In this

competitive age no firm can survive without innovation or creativity. Every firm
has to keep a continuous overall upgradation in product. For this a firm is bound
to produce those products which are fit for the consumers in both aspects, i.e.,
quality and price.

These demands proves the real importance of production planning. A
product which is made by selecting the best product design with best possible
process are always competitive.

\
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Production Planning

Various objectives of Production planning are as follows :

(l) Establish Co-ordination between aarious Production Actiuities :I. meet the demand of the product effectively various production related
:.::irities are integrated in a planned and systematic manner.

Q) The best utilization of Resources : Resources like raw materials,
---in power are planned to be used in right quality and quantity at right time to
r=: the best output.

(3) To produce best Results: Production planning ensures high but
-::.sonable profits to the concern by planning the production of high quality
--,.rds in the right quantity at the right time for the customers.

(4) control ouer Marhet.' with the help of production planning,
::rduction can be increased to have a control over the market through ttre
.-.:roduction of new products according to the demand of the customer. Here
--arket research, analysis and. forecasting techniques helps in production
:.xlnrng.

(5) Efficiency : The maximum effrciency of a prant can be achieved by
::,lduction planning.

(6\ smoothens Production Maruagement : production planning
- 'sists workers engaged in production activities for doing right things. It helps to
':ame the guidelines for tackling the common problems for middle management.

{.3 IMPORTANCE OF PRODUCTION PLANNING
The importance of production planning may be judged from the following

:L LD

(l) Production Pla,nning sets objectiaes.. production planning sets
ojectives for an enterprise. In accomplishing its objectives for an enterprise, it

-:.ooses out best out ofavailable alternatives considering the available resources
: the plant. Production planning, in normal conditions, may be applied

:athematically for selecting the best alternative course, which may yieid the
:esired and predetermined results at the minimum cost on the basis of known',cts. After selecting the best alternative it becomes imperative to prepare a plan
r achieve the goal.

(2) Facing the unforeseen conditions : It helps in meeting out the risk
.: uncertainty at operational stage because production manager takes care of
"f{-rculties, which may be faced subsequently.

(3) Besf utilization of Resources : production planning helps in
-:ilizing the available resources in the best possible manner because it helps in
: rcrdination of the working of various individuals and department of the
- rncern. This leads to better utilization of time, efforts and materials. It ensures
:ee best use of available plants and regular supply of raw materials and other
.rings for the production of goods and services.

(4) Basis for control: Production planning provides the basis for
:roduction control, which is also major function of production manager. As a
ratter of fact, production planning and control are inseparable because
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unplanned work cannot be controlled. Production planning sets the targets
quantitatively and also qualitatively and fixes the standard time for completing
the job whereas production control keeps the operation along with the
predetermined course of action by minimizing deviation from standards.
Reasons for deviation are located and then removed in the next planning process.

4.4 CHARACTERISTICS OF PRODUCTION PLANNING
The characteristics of produciion planning may be summ arized,as follows :

(1) Production planning is a universal production activity.
(2) Production planning is the basis and pre-requisite of production control.
(3) Production planning includes routing of production activities and layout

of production facilities such as buildings, machines, equipments, etc.

(4) Production planning is related to planning, directing and controlling of
production methods for the manufacturing of products.

4.5 LEVELS OF PRODUCTION PLANNING
Production planning occurs at several levels in the organization and covers

different time horizons. According to the hierarchical levels in which it is done in
the organization, planning can be classified as strateglc planning, tactical
planning and operational planning. Another classification based on time span of
planning is long range, intermediate range and short range planning.

(l) Strategic Planning.' Strategic planning is a process of thinking
through the organization's current mission and environment and then setting
forth a guide for future decisions and results. For example, technolory
forecasting and choice of appropriate technology for the long range time horizon.
Strategic plans are usually long range plans done at the top management level.
The vice-president operations, together with the top executives of the frrm
developes long-range capacity and facility plans.

Objectives laid down through long range planning are :

(i) Production levels (Number of units produced).

(ii) Operating capacities.
(iii) Inventory policies.

(iv) Levels of manufacturing costs.

(2) Tactical Planning.' Tactical planning is done over an intermediate
term or medium range time horizon, by the middle level management
(Operations managers at department level). These plans focus on aggregate
products rather than individual specific product. These aggregate plans have a

time span of 6 to 18 months. They specify the employment plans; machinery and
utility plans, the sub-contractor and materials supply plans and facility
modification/expansion plans.Li
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Production Planning

3\ Operational Planning : Operational planning is done over a short
-.--:: time span developed by the junior level management. It is concerned with
',- -tilization of existing facilities rather than the creation of new facilities. It
r -r-es proper utilization of key resources such as raw materials, machine
r:'r,-itli energy, etc.

{ 6 PRE-REQUISITE FOR PRODUCTION PI_A.NNING
Pre-requisite for Production Planning are :

,i) Selection of best course of action for production after considering the
different possible processes.

ii) Data collection regarding the required and various available machinery
set-up.

iii) Choosing the best processing system and machines for production.
iv) Sequence of operations which is most advantageous and with minimum

production cost.

v) FuIl information about the sources of raw materials, power generation
system and transportation system.

ri) Arrangement of skilled, unskilled and expert labour.
,'ii) Information regarding the time fixed for each operation.
-,iii) Estimation of production capacity of the plant.

Lx) Estimation of material cost, labour and overhead cost per unit and fixed
rate of interest on invested capital.

'x) Continuous upgradation ofknowledge regarding the recent techniques
and production of those items which are frt for consumers.

The various factors determining production planning procedure are :

0) Volume of Production: The amount and intensity of production
: =ning is determined by the volume and character of the operations and the
' ::ure of the manufacturing processes. Production planning is expected to
--l.rce manufacturing costs. The planning of production in case of custom order

: shop is limited to planning for purchase of raw materials and components and
:=:ermination of work centres, which have the capacity of manufacturing the
. --duct. In high volume operations, extensive production planning is necessary

elanningfor the design ofboth the product and the production processes. This
i ::ecessary in order to achieve substantial cost reduction when a large number
' croducts are produced.

(2) Nature of Prod.uction Processes: In job shop, the production
:.,nning may be informal and the development of work methods is left to the
- i.ividual workman who is highly skilled. In high volume production, many
::rduct designers, equipment designers, process engineers and methods
..--gineers are involved. They put enormous amount of effort in designing the
:. rduct and the manufacturing processes.

(3) Nature of Operations : Detailed production planning is required for
-:cetitive operations. For example, in case of continuous production of a single
..andardized product.
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PROCESS OF PRODUCTION PI,q.NNING
The process ofproduction planning involves :

(l) Determination of Targets : A decision regarding the type of
product, quantity ofproduct and period for which the product is to be used has to
be decided before deciding a production plan.

(2) Collection of Information.' Collection of information regarding the
available raw materials, machines and equipments, capital market
characteristics, etc. These data can be collected from the past records of the
company or from the government and private agencies.

(3) Interpretation of Information : After collection of required data,

the next step is the analysis of this statement and also their interpretation. Time
fixed for each operation, Ioss in storage at handting, rate of output per hour, per

day, per week, per month, economic order quantity, etc. are calculated from this
data.

(4) Deaelopment of Actual Plans.. After the analysis of information in
the plan development, two things are decided :

(i) What is the object of production planning?

(ii) What is the production budget?

During development of production planning, future hurdles are also

considered and solutions for them are finalised.

(5) Execution Plqn or Putting plan into Operation.' After
developing the production plan, the next step is to act upon them and put them
into operation. For this purpose concerned authorities and departments are

informed so that a good quality product can be produced with minimum cost and

within a given time period.

(6) Fotlow up Action.' After the execution of the plan, the next step is to
watch and control the production so that production planning can be followed.
During follow up it is also considered that whether any deviation from planning
are occurring or not. If they are occurring then what correct actions are to be

taken.

4.8 PRODUCTION CONTROL

Ohjectives
The objectives of production control are :

(1) Arranging necessary raw materials, machines, equipments, tools and

workers for production.

Making necessary arrangement for the production of goods according to
the pre-determined demand.

Maintaining the inventory of raw materials.

Utilising the production facilities at their optimum level.

Co-ordination among various departments concerned with production'

(2)

(3)

(4)

(5)Li
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Production Planning : :.4-i

(6) Arrangements for product development and design process.

(7) Arrangements for inspection and quality control of production.
(8) Follow of process flow diagram.
(9) Arrangements for corrective actions to be taken during production if any

deviation occurs.

Characteristics
Various features ofProduction Control are:
(1) Under production control, controls are done over production methods,

types ofproducts, cost ofproduction and quantity ofproduction.
(2) Under production control, various control techniques are used.

(3) Under production control, a co-ordination is built up between various
concerned departments.

(4) Production control is-a technique of production management by which a
smooth production can be done.

Benefits
Various benefits which can be derived from production control are :

(l) Improuement in profits through-
(a) Maintenance of an adequate and balanced inventory of material parts,

work-in-process and finished goods.

(b) Reduction in indirect costs.

(c) Optimum utilisation of manpower, equipment, tools and storage space.

(d) Reduction in inventory costs.

(e) Less capital investment in industry.
(0 Reduction in set-up costs.

(g) Elimination in scrap and rework costs.

(h) Balanced and stabilised production.
(2) Competitiae ad.aantage-
(a) Lower production costs and greater pricing flexibility.
(b) Orderly planning and marketing of new and improved products.

(c) Meeting delivery schedules to customers.

(d) Reliable delivery to customers.

].8-1 ELEMENTS OF PRODUCTION CONTROL
Various elements of production control are :

(l) Actiae Control.' It involves the release of manufacturing orders and
release of resources ihrough dispatching.

(2) Control of Planning : It assures receipt of latest forecasting data
from sales and production planning, bill of material data from product
engineering and routing information from process engineering.Li

br
ary
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(3) Control on Materials: It involves control of inventory and

providing/issue of materials to the shop and movement of materials within the
shop.

(4) Control on Tools.. It involves check on the availability of proper tools

as necessary by the specification of production and provide issue of tools to
manufacturing department from tool units.

(5) Control on Timing of Production : It involves observing stoppage,

delays research arising in each operation and thus regulates the entire process of
production so that the order may be executed on the delivery dates'

(6) Control of Manufacturing Capacity : It determines the
availability of machinery and labour capacities and issue realistic production

schedules and provides a means of recording completed production.

(7) Quality control.. It involves the observation in process work at

predetermined stages to determine whether the right quality of acceptable work
has been perceived. Also, it ensures that corrective action is initiated where work
fails to pass each stage of operation.

(8) Corutrol of Material Hand.ling.. It releases orders for movement of
work to ensure availability of material, as necessary, at each step of operation.

(9\ Replacement control.. It observes the rejected raw materials and

work-in-progress not fulfrlling the quality standard.

(]o) control of the Due Dates.. It checks actual and planned schedules

and determines the cause of delays and stoppages that interfere with weekly

schedules of work assigned to each machine in work centre.

(Ll) Labour Effieiency control.. It observes the labour operations and

records proper timing of labour operations.

(L2) control on Machines and Equipments: It strives to obtain the

optimum utilisation of installed capacity. It keeps the machines working through
proper arrangement of cleaning, oiling, repairing and replacing.

(13) control on Methods.. It observes the methods set for various

operations and devices for better methods in the course of time.

(14) controt of Information: lt distributes timely reports and

information showing deviations from plan so that corrective actions can be

implemented and provides data on production, performance, measurement of
future planning.

4.9 COMPARISON BETWEEN PRODUCTION PLq.NNING
AND PRODUCTION CONTROL

Preparation of production budget. To sub-divide the master
schedule into manufacturing
orders and subsidiarY orders.

Routing.Devising manufacturing
sequence ofprocess.

methods andLi
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3. Scheduling and machineand
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Describe the type of machines and
equipments.

To set plant layout.

To design tools.

To prepare operation sheets and instruction
cards.

To undertake time and motion study for the
operations.

To estimate materials requirements.
Toe stimate manpower requirements.
To prepare the master schedule of
production.

4.

5.

6.

loading.

Dispatching.

Follow up or expediting.
Tool keeping.

8.

9.

10
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ork {.10 PRODUCTION PI-A.NNING AND CONTROT

Production planning and control is the process of planning production in
_o_f each
for each
ing and

:ecessary orders. It also involves initiating the required follow-up to effectuate
:he smooth functioning of the enterprise.

Objectives
The objectives of Production Planning and control are as folows :

(!-kestablish production limit and requirements.

problems in the(2{ prodgction by removing
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-+nd latrour and other inprls_&l optimum

t@upplylo_LrygterialstoqliLprodrrclionrate.
(F) To minimise c_oglq_lpqduetion andensuring,qq4llty of outprrt.
(6.)-To ensure that jqbs are completed in time and the delivery schedule is

proper.

Factors affecting Production Planning and Control
The following factors should be considered in production planning and

control:
(l) Type of Prod.uct.. Complex and uncommon products require much

greater care and problems in production planni-nf d to
simple and common products.

(2) Type of Manufacturing: Continuous manufacturing system
involves the problem of line balancing. In intermittent system, problems of
optimum use of facilities is important.Li
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(3') Marhet Forecast.' Market forecast will determines the volume and
rate of production.

(4) Customer Orders.' These serve as the basis of production
scheduling.

4.11 PROCESS OF PRODUCTION PLq.NNING
AND CONTROL

Production planning and control consists of following steps :

(1) Estimating
(2) Routing
(3) Scheduling
(4) Loading
(5) Dispatching
(6) Progressing/Follow up/Expediting

(r).-ls[im.qtjqs..
Estimating decides the quality of output to be produced and the cost involved

in it. This is done on the basis of sales forecast. Manpower, machinery, material
requirements to meet the 4nticipated targets of production are estimated. Iri
other words, a production programme is made. A bill of materials is

. listing all the items needed-to manufacture the desired produq! or se-rv

of supply of materials and various level of inventory are also determined.

(2) Routing
Routing t-li"g to

be performe ess. R bd-
done, where It.s1 ecifies the operations to be perQl_m_e$,

sequence of the operations and the proper types of machines, equipment and
personnel required. The gbjgctiv_e of is to choose the best and the
cheapest method of work, Routing dep on the natiiie of machinei3, fhe
effrciency of irriiployees, the availability of various facilities and the kind of
manufacturing process.

(3) Scheduling
Scheduling is a process ofranking differentjobs and fixi

jobs. Scheduling decides the starti date for each job.It
prepares a complete time table which will state the total
manufacturing a product. It will also indicate the time
operation.

Various features of scheduling are :

(a) It prepares and issues schedule to plant after making co-ordination with
sales department.

(b) It ensures timely delivery to the customer.

iorities ofthose

time required for
required for each
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(c) It considers existing workload of men and machines.
(d) It ranks variousjobs and fix priorities.
(e) It starts with the preparation of master schedule.

r{) Loading
Loading is the element of production pranning and contror tq 4ssig4 qp_e_cifi_c

rbs to specific men or machines. Hence, it is the process of converiint "p;-;i"; 
'-

.chedule into practice. Loading is done after tesling the capacities of men and
rachines. Jry_thp prqcgss.of loading detailed exercise is done to get the data:: complete a job. maximum capacity of each worker and::r hine-loading chart (iantt chart discussed in detail later onJ
. prepared showing the planned utilization of men and machines by allocating
:re jobs to machines or workers as per priority sequencing established at the'-me of scheduling. Loading ensures maximum possible utilization of productive

"-cilities and avoids bottlenecks in production. It is important to avoid either
"er'-loading or under-loading the facilities, work centres or machines to ensure-,aximum utilizatioii of resources. various p[iposes of loading are :

(a) maximum utilisation of resources
(b) eliminating bottlenecks in production process
(c) eliminating overloading
(d) removing under-utilisatiorr.

l) Dispatching
Routing and scheduling are primary steps. Actual production begins when

:der is given to commence 
"p"-1itl"^::jccording to schedule. In dlspatching

is assigned to operations. des. The dispatching departme ion.
n order and checks to see that these things are

'. algfle on tirne.
Functiorts of Dispatching :
(a) Giving to supervisors-specifications, materials lists, job tickets, route

,l'ds, requisitions, etc.
(b) Ensuring that all the inputs are

=partments at the right time.
made available to the production

(c) Informing the appropriate section that production is starting.
(d) Issuing work orders for the beginning of manufacturing operations.

rJ Progressing Or Expediting Or Follow-up
which ensu asr rpeT. The obi tol

,.r'iations or deviations from the planned iever. It ensures that production is
cceding according to schedule.

Functions of progressing or follow up :
(a) To determine the reasons of variations from the programme.
(b) To helps in eliminating the problems causing the deviations.Li
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(c) To be in touch with other d'epartments supplying materials and

components.
(d) To prepare a list of inputs which are

4.12 ROUTING
Routin the most important and difficult task of the

production means determination of path or route on which

manufactu travel, establishing the sequence of operations to

be followed in manufacturing a particular product. This route path is

determined in advance.

Tlne objectiues of routing are :

(1) Determining the most feasible sequence of operations and ensuring that

this sequence must be followed'

(2) Utilizing the physical human resources, materials and machines

employed in the production to the best'

(3) Exercising the influence upon the design of the factory building and the

machines.

Activities in Routing
Routing may include the following activities :

(l) Determination of What to Mahe and' What to Buy " The product

is analyzed to determin" it. "o*ponent 
parts. Decision is made whether to

manufacture all these parts in the factory, or purchase some from outside.

(2) Requirements: -Each 
item in the

productsandpartsrequiredformanufacturing
it. Rou ing of various parts are frequently

accompanied by a master bill of materials specifying various components parts

and their quantities required for production'

(3) Determins.tion of Manufacturing Operations q'nd their
Sequence..Routingsectionnowanalyzestheproductinordertodetermine
the'operations involvld in the manufacturing of each of its parts, sub-assemblies

and assemblies. These operations are then analyzed to determine which of them

are to be performed sequentially, and which concurrently'

(4) Determination of Lot sizes : Routing section also determines the

number of units to be produced in any one lot. If products are made to customers'

order, the lot size is generaily equal to it. on the other hand, if production is done

for stocking as in clase of siandardized, mass production items, the lot size is

generally determined by economic order quantity'

(5) Determination of Scrap Factors " The number of pieces which

come out of the productioniine is usually less than that which should come out'

This happens because of manufacturing defects and failure of at least a portion

of them to meet quality specifications. These defective pieces are called scrap'

Routing should tate this scrap factor into account when determining the lot sizeLi
br
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te

h
io
L:

' rts, lies and final assembly. It is generally: and ctor at every stage of Lanufacturing.
of st of the component parts and finalon the materials and manpower required for
cost analysis is the responsibility of the accounting
olved in it as it determines the component parts and

(7) organization of production contror Forms.. The type of':-duction contror forms largery depends on the type of manufacture.:: -'duction contror is organized around schedule form in case of mass- =rufacturing. Job order manufacturing requires the use of a number of control
=-ts such as work order, factory order or production order. It also needs other:' '-uments such as job tickets, move tickets, tool tickets, inspection cards,- =:erial cards and labour cards, for performing and reporting itre comptetion of

:= ra[ionS.

i.outing Procedure
Routing procedure consists of the following steps :
a) An analysis of the product to determinJ trre various requirement for itsmanufacture.
b) Determination of the manufacturing operations required and sequenceofthose operations.
c) Determination of the units to be manufactured in each lot or order.
d) Deciding scrap or residual for each step ofproduction.
e) Preparing production orders, iob cards, labour cards, inspection cards,tool tickets and other forms.
i0 Determination of the estimated cost of production.
The overall sequence ofoperations ofrouting has been shown in frg. (1).
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Fig. (1) Overall sequence of operationsLi
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Advantages of Routing
(1) Effrcient use of available resources,

(2) Reduction in manufacturing costs,

(3) Improvernent in quantity and quality of the output,

(4) Provides a basis for scheduling and loading.

4.13 SCHEDULING
Scheduling may be d.efrned as the assignment of work to the facility with the

specification of times, and the sequence in which the work is to be done.

s"h"a,rtirrg is actually time phasing of loading. The facility may be man power'

machine or both. Scheduling deals with orders and machines. It determines

which order will be taken up on which machine in which department, at what

time and by which oPerator.

Obiectives
The various objectives of scheduling are :

(1) To achieve the required rate of output with a minimum of delay, and

disruption in Processing.
(2) To provide quantities of goods necessary to maintain finished

inventories at levels predetermined to meet delivery commitments'

(3) To have maximum utilization of men, machines and materials by

maintaining a free flow of materials along the production line.

(4) To prevent unbalanced allocation of time among production

departments or work centres with a view to eliminate idle capacity.

(5) To keep the production cost to a minimum'

Types of Scheduling
There are three types of scheduling :

(l) Master sched.uling.. Master schedule gives the number of units of

different products to be produced for the whole yeat. It gives the units of

production for every month for different products. Master schedule is based on

lhe basis of sales forecast. This is the frrst step in production planning.

(2) Parts sched.uling.. Parts schedule gives the number of units of

different parts to be produced for the given product. The schedule is prepared for

a month. It gives the details of production for every week. Parts schedule is

prepared on the basis of master schedule.

(3) Machine Load.ing sched.ule.' Machine loading schedule is the

process of work load allocation for various machines. It is a time table for the

working of various machines. This schedule is prepared for a period of one weeh

It gives details of machine loading for every day of the week. This scheduling is

prepared on the basis of parts schedule.Li
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Production Planning, :4.75

?rinciples of Scheduling
(l) Principle of Optimurn Task Size.' The first principle has a

, . -dency to not only give good results but also to be self-correcting. For example,
' .r a functional batch production rnachine shop, the loads imposed by different
:trations vary greatly in length, it is possible that it will be necessary to break

- -.n1- of the long operations into one or more small batches. This is required in
. ier to get the other orders completed by due date. In effect, this principle only

'. :eats the known advantage of maintaining a hig'h rate of stock turnover and of
- .,31e phase ordering. Scheduling tends to achieve its maximum efficiency when
-: task sizes are smuill and all tasks are of the same order of magnitude.

(2) Principle of the Optimum Production Plo'n: The second

-nciple merely states that the obvious fact that there will be less idle time and
.iting time, if all the plant is evenly loaded by the production planners. Then if

- :le of the machines are over-loaded perhaps because direct labour cost on them

= Iower and others are idle for part of the time due to shortage of work.
- reduling tends to achieve its maximum efficiency when the work is planned, so

.-rt it imposes an equal/even load on all the plant.
(3) Priruciple of the Optimum Operation Sequence.' The third

--nciple says about principle of flow. Sometimes it is also true if we sequence
. :r.re jobs, which need the same machine set-up at a time. This avoids machine

-.,'illary time needed, in-case, the jobs of the above type are done at different
::.les. For example, consider drilling a 10 mm hole in five different jobs may be
re at a time so that the set-up time required for five jobs independentlv at

.:ierent time are avoided. Scheduling tends to achieve its maximum efficiency
::en the work is planned so that the work centres are normally used in the same

-:-lU€nCe.

idvantages of Scheduling
(1) Minimizes the production cost,
(2) Less investment of material-in-process,
(3) Minimum material storage cost,
(4) Customer satisfaction,
(5) No over-loading of men and machines,
(6) No under-utilization of men and machines,
(7) Good control of production,
(8) Goodwill of the company improved,
(9) Job satisfaction for the employees.

i.13-x TECHNTQUES OF SCHEDULING
The various techniques of scheduling are :

(1) Bar chart
(2) Gantt chart
(3) PERT
(4) CPMLi
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[I] Bar Chart
A pictorial chart, also known as the "Bar Chart" was developed by Henry L.

Gantt and is used to deal with complex activities. Out of the various tools or
techniques of project management, bar charts technique was probably one of the
earliest one. A bar chart consists of two co-ordinate axes, one (usually horizontal
axis) represents the time elapsed and the other (vertical axis) represents thejobs
or activities to be performed. Each bar represents one specific job or activity of
the project. The beginning and end of each bar represents the time of start and
time of finish of that activity. The length of the bar shows the time required for
the completion of that job or activity. Mostly, in every project there are some
jobs/activities which can take place concurrently, while, there are some activities
that succeed a preceding activity and cannot be started unless the preceding
activity is complete. Hence, in a bar chart, some of the bars run parallel or
overlap each other time-wise and some run serially with one bar beginning after
another bar ends.

Duration (Weeks) +
Fig. (2) Bar Ghart

Figure (2) shows a bar chart for a project which has six distinct jobs or
activities (A, B, C, D, E, F). The time required for the completion of these
activities are 5, 4, 5, 3, 4 and 2 weeks respectively. From the chart we conclude
that :

(1) Activities A and B can start simultaneously (at the same time). Both the
activities are independent. They proceed in parallel, through they take
different time for their completion.

(2) Activity C starts only when activity B is complete.

(3) However, activity D is independent of activity C. It starts 2 weeks later
than C and

(4) Activity E starts only after activity D is completed.
(5) Activity F starts after all other activities are completed.
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III Gantt Chart
The Gantt charts were also developed by Henry L. Gantt. Their ilurpose is to

::ovide an immediate comparison between schedule and reality (i.e., between
-.anned work and actual progress of the work). This is achieved simply by
:-:rking on the chart the planned work and the actual progress ofthe work.

The Gantt chart is actually a modifred bar chart in which horizontal bars are
:rawn for each activity in proportion to the time required for completing it. A
:-rsor attached to the Gantt chart can be moved across the chart to compare
:rtween the actual progress and planned work till any particular date.

There are basically two types of Gantt charts :

(1) Order/Activity progress chart.
(2) Machine Load chart.

In Gantt chart, time in weeks or days is marked along the horizontal axis and
-e activities or orders are represehted along the vertical axis. The amount of

. rrk planned or scheduled is marked by the firm lines or blank areas and the
i-'rual progress of the work by dotted lines or shaded areas.

Activity J
Time -->

(Week) 14 8 12 16 20

1

+
_-_l____-I_

v-t--T

2 +
J

3
I

I

4 I

5

b

I

L_
I

8

I \ I----t----*
I

Fig. (3) Gantt Progress Chart

Cursor

Figure (3), displays the schedule
-.rmber of weeks which each activity
.:ainst each activity :

(1) Designing and drawing
(2) Preparing pattern

of manufacturing cast iron
will require for completion

4 Weeks,

2 Weeks.

pulleys. The
is also shownLi
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(3) Preparing the moulds
(4) Casting and cleaning
(5) Inspection (visual)
(6) Annealing
(7) Machining
(8) Making key rvays
(9) Grinding

If we compare the planned work and the mtual progress of the work at the
end of 6 weeks, it is clear that designing and drawing pattern is completed as per
the schedule whereas preparing the pattern is behind the schedule. This chart
also helps the management to identify the areas where more attention is to be
given and where less attention is sufficient. 

/

Limitations of Gantt Chart
(i) If the project consists-of too many activities, it becomes clumsy to draw

the Gantt chart. Due to this, bar chart is not useful for big projects
consisting of large number of complex activities.

1Week.
2 Weeks.

1Week.
1Week.
1Week.
1Week.
2 Weeks.

(ii)

(iii)

(iv)

(v)

The chart does not give any data about what exactry is completed and
what is not as the chart does not show events between the bars.
As the chart combines plan and schedule, it is difficult to know whether
the activities have optional starting dates.

The chart does not exhibit the dependencies or inter-relationships
between the activities and as such it is diffrcult to say, what will be the
effect of delay of one activity over the other or the entire project.
Gantt charts are not at all useful in those projects where there are
uncertainties in determination or estimation of time required for the
completion of various activities"

These charts are useful for any small size conventional projects, speciallr
construction and manufacturing projects, in which time estimates can be made
with uncertainty.

urrl PERr
According to this theory, any given activity delineated in a network is

unlikely to be completed on time. Sometimes all aspects of a job may be easier to
complete than expected, while at other times, unexpected snags may occur
causing unplanned delays. This method uses three time estimates for an activirc
rather than a single estimate. They are :

(i) Optimistic Time (a): This is the shortest time the activitv can
to complete. There is more than one chance in a hundred of completi
the activity in this amount of time. It represents an ideal estimate.

(ii) Most Lihely Time (m\ z This refers to the time that worrld be expecr
to occur most often if the activity were frequently repeated under
the same conditions. It is the model time.

(ill) psst;*istic Time (b) : This is the longest time the activity could t
to finish. It is the worst time estimate and represents the time tLi
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activity would take if bad
less than one per cent.

Production Planning 4.19

Iuck was faced" It occurs with a probability of

Time duration of activitY

Fig. (4) Beta Distribution of Activity Times

Typically, completion of a gi.7sn activity is assumed to follow beta

:.itutio.r, as shown in figure (4). The three time estimates are reduced into a

1'1e expected tirne (/";) with the weighted average formula :

a+4m+b

: expected time of the rbh activity, o. = opiimistic time

= most likely, or model time, $ = pessimistic time

\ I Critical Path Method (CPM)

It is observed that in a network one can enumerate many sequences of
.r-ities from starting event to end event. Each sequence will contain different
:rbination of activities with different ,Luration. One of the important objects of
ii'ork analysis is to known the minimum possible time by which the project

- be completed. This is done by determiningthe critical path,i.e., the sequence

.,ctivities with longest duration. It is known as critical path because any delay

,rctivities lying on this path would cause a delay in the whole project. To

.'ken the process, the activities lying on the critical path should be taken first.

The activities lying on Non exibility in their
trng time and their extension to affect the frnal
pleiion date. These are kno should be given

' rrity in order of their float value.

CPM methods can be applied with notable success to large scale research and

:lopment progTams, e.g., construction work, industrial maintenance and
- - ailaLion operations.

Situations where CPM can be effectively used are :

,i) In production planning
ii) Location of and deliveries from a warehouse

iii) Road systems and traffic schedules

iv) Communication network

.iectives of CPM Analysis
,i) To determine a route between two or mole opel'ations which optimizes

some measure of performance.
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(ii) To locate the obstacles and diffrculties involved in a production process.

(iii) To assign the starting and finishing times for each operation or activity.
(iv) To d,etermine the float value associated with each non-critical activity.

Differences between PERT and CPM
(i) PERT is appropriate where time estimates are uncertain in the duration

of activitiLs as measured by optimistic time, most likely time, and
pessimistic time, whereas cPM (Critical Path Method) is good when

time estimates are found with certainty. CPM assumes that the duratron i

ofevery activity is constant and therefore every activity is critical or not.

(ii) PERT is concerned with events which are the beginning or ending points

of operation while CPM is concerned with activities.
(iii) PERT is suitable for non-repetitive projects while CPM is designed for

repetitive projects.
(iv)PERTCanbeanalyzedstatisticallywlrereasCPMcannotbeanalyzed.
(v) PERT is not concerned with the relationship between time and cost.

whereas cPM establishes a relationship between time and cost. Note

that cost is proportionate to time.

4.1,4 MASTER PRODUCTION SCHEDULE (MPS)

The master schedule (or master production schedule or MPS) sets the

quantity of each end. item (frnished product) to be completed in each time period

(week or month or quarter) of the short-range planning horizon'
Master production schedules MPS) are developed by reviewing market

forecasts, customer orders, inventory levels, facility loading and capacitr-

information regularly.
The MPS is a plan for future production of end items over a short-range

planning horizon that usually spans from a few weeks to several months. It is ar
important link between marketing and production.

Objectiues of MPS are :
(1) To schedule end items to be completed promptly and when promised tc

customers.
(2) To avoid overloading or under-loading of the production facility so tha:

production capacity is effrciently utilized and low production costs result.

Steps in Master Production Schedule

The process of master production scheduling involves the planning o:

activitiesio determine whether or not an operation can achieve the productio;
objectives mentioned in the MPS.

The following are the
scheduling process :

sequential steps involved in the master

(1) Determining the gross requirements of
sub-components (total demand in units

materials, comPonents an:
of the end-product) for eacr

product in the product line, using MRP.
(2) obtaining the net requirements for each unit of materials, componeD

and sub-components, after taking into consideration inventory on

and inventory on order.Li
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Production Planning

(3) Revising the preliminary master production schedule
the inadequacy of materials in inventory, if any.

(4) Converting adjusted net requirements into planned order releases (the
order quantity for a specific time period) to determine unit or lot-sized
production during the planning horizon.

(5) Developing load reports from the planned order releases. The load report
contains information on the amount of work assigned to individual
workers, machines and workstations.

(6) In the event of a mismatch between available capacity and required
capacity, the MPS is modifred or additional capacity is added.

ldvantages of Master Production Schedule
(i) It is simple and easy to understand,
(ii) It can be kept running (i.e., current),
(iii) It involves less cost to make it and maintain,
(iv) It can be maintained by non-technical staff, and
(v) A certain percentage oftotal weekly capacity can be allocated for rush

orders.

Disadvantages of Master Production Schedule
(i) It provides only overall picture,
(ii) It does not give detailed information.

lpplications of Master Production Schedule
It frnds applications in the following :

(1) In big frrms, for the purpose of loading the entire plant,
(2) In research and development organizations, and
(3) For the overall planning in foundaries, computer centres, repair shops, etc.

119 ."SPECIFICATION OF PRODUCTION REQUIREMENTS
From the discussion uptill now, we have see_4 _th4! produ-ction planning

-voryesserectio4-orproductionr."*.H.T-::,,:;":i:il.tT:_til?iiffi ,",iff i
to provide specifications for various

:
(i) specifications regarding quality and quantity of raw materials which are

to be arranged.
(ii) specifrcations with regards to man power on different machines,

man-hour required for a particular job or process.
(iii) Specifrcations regarding maintenance of various machines.
(iv) $pssilr.ations with regards to purchasing of materials and its payments.
(v) Specifrcations with regards to inventory control-how much of what

material has to be maintained in store.
(vi) specifications with regards to quality ofproduct to be produced, etc.
The important thing to note is that the specifrcations provided through

::oduction planning and control department should be practically achievable.
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This means that these specifications should not be so strict that production

suffers ancl wastages increases. On the other hand, they should not be so liberal
that quality of the product suffers at the hands of quantity. The specifications

should not result in increase in manufacturing costs or deiay in the pi'oduction. A
proper balance must be maintained between quality and cost as well as quality

and time-schedule.

EVIEW Uestions

1. What does "planning" and "control" in context of production? Explain
how the three are related with each other.

2. Define production planning. what are its important characteristics?

3. What is the irnportance of production planning in industrial
management?

what are the pre-requisites for production planning? on what factors does

the production planning procedure depends?

Explain the process ofproduction planning.

Define production control. What are the requirements of an efficient

production control system? Explain the importance of production control'

What are the various elements of production control?

Comment on the statement :

"Prod.uction control is the hey to su,ccess of all business organizations".

Compare "production planning" with "production control"'

Describe the role of production planning and control in industrial
management.

11. How does production planning and control take place in an

Describe the various stages (or steps) in brief.

State the advantages ofbetter pr:oduction planning and control'

Explain the procedure of routing.
Define scheduling. what are Lhe principles and objectives of scheduling?

Distinguish between routing and scheduling'

What are the various techniques of scheduling?

Write short notes on :

(a) Bar chart (b) Gantt chart (c) PERT (d) CPM

What is the difference bebween PERT and CPM?

What is master production schedule? What are its objectives?

What are the various steps in the mastcr production scheduling?

Discuss the ad.vantages and disadvantages of master production schedule

(MPS).

22, What is the importance of specifications in production planning
production requirements?

4.

\.

5.

6.

8.

12.
13.

14.
15.

16.

L7.

18.

19.

20.
21.

9.

10.
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INVENTORY CONTROI

After reading this chapter, you will understand :

Definition and concept of inventory
and inventory control

e Need and classificatlon of inventory &

Advantages and disadvantages of
holding inventory

m Various levels of inventory

Scope of inventory control

Various elements of lnventory costs

lnventory control sYstems

lnventory control models

Various deterministic model

lnventory control techniques

5.1. ,INTRODUCTION
conventionally, there are frve M',s associated . with inputs to any

rqanisation. Th'ey es, Materials, Money

--{Jwever, wiifr tnir scene, infoimation a

Jso become import d. Relhtive,importance of these resources
.aries from organisation to organisatioh. Without doubt material are the most

.ital input r".orrr." for ahy industry or business. However, it does of mean that

:lentyLf materidl resourcas in any'organisdtign will make it profitable as

eolding materials or "inuentory" involves cost.

\Ieaning and definition of inventory

The term inventory can be used to

trons.

In this way inventory can mean : ]
*6f tne of materials at !f,+e \
(ii) a Ii al assests (item )

(5.1)
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(iii) as a verb to determine the quality of items on hand.
(iv) for financial and accounting records, the value of the stock of goods

owned by an organisation at a particular time.

ry Definition
frrthq resources uture

es or

nvenlory constitutes one of the most important elements of any system
dealing with the supply, manufacturing and distribution of goods and services. In
fact, inventories are common to farms, manufacturers, traders, hospitals,
temples, prisons, zoos, universities and governments. The following are a few
examples of the type of inventory held by various organizations. Since the frnal
product (output) ofa service organization such as bank, hospital, etc. cannot be
stored for use in the near future, the concept of inventory for them is associated
with the various forms of productive capacity.

Manufacturer. -t..

Hospital

Bank

Airline Company parts; specialized maintenance

ntory control

ln of the production
vel ecause highlevel of

1inc el of inventory wil

Inventory control makes use of available capital in a most effective way ani
ensures adequate supply of goods for production. Inventory control is the
technique of maintaining stock keeping items at the desired level, whether the'i
are raw materials, goods in process or finished products. Inventory control keeps
track ofinventory. The balance between high level and low level can be done bJ
means of effective inventory control.

Thus, the inventory control includes the following aspects :

these transactions.Li
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(iii) (Assigning respons for car inventorv contro]
'+,.*F.*-a-ei4IUnctlons.

$-VT*ero"iaing 
for the reports necessary for ;up_e,1vi9i1 ty,.i

5.2 NEED FOR INVENTORY
From the discussion in previous article it is clear that inventory involves

-ost. so a natural question which arises is that ll'hy do we want to hold an
.nventory? There are four main purposes of holding an inventory :

(l) Transaction Motiae: Every firm rras to maintain some level of
rventory to meet the day to day requirements of sales, production process,
-ustomer demand, etc. This motive makes the firm to keep the inventory of
-nished goods as well as raw materials. The inventory level will p.o,oid"
-noothness to the operations of the firm. A business firm exists for business
:'ansactions which require stock of goods and raw materials.

The reasons for transaction motive are :

6) Econornies of scale; Typically, unit costs are lowest when product is
'.anufactured in long production runs at constant quantities.

(li) sr""to|zation .' Manufacturing for stock does enables a business to
-rmit specialization within its manufacturing facilities. Finished product is
:-en shipped to distribution centres for the assortment process. Again, it is the

tential for economies of scale to operate in manufacturing and transportation
.at has attraction.

dii) Permits Purchase and rransportation Economies; The argument here
- based on the notion that both product procurement and transportation costs

il be reduced if lot sizes are large. The attempt is made to purchase in volumes
-.ich exceed immediate demand/consumption rates in order that economies
-rv be obtained from lower transportation rates or perhaps large buying
:counts.

(2) Precautionary Motiue .' A firm should keep some inventory for
-'-:breseen circumstances also. For example, the fresh supply of raw material' ,---r' not reach the factory due to strike of the transporters or due to natural

amities in a particular area. There may be labour problems in the factory and
- -, production process may halt. so, the firm must have inventories of raw' .-terials as well as finished goods for meeting such emergencies.

The reasons for such motive are :

t) Inuentory as a Buffer.' Here the issue of interdependencies within the
: ' curement-manufacturing-distribution--consumption process is highlighted.
- ::€ the argument is that because channel members are distanced
--' :'raphically, philosophically and financially, often'buffer stocks'are held at
- ,:cal interfaces.

ll) Hedges against Price changes : In times of high inflation, volume
-:!-hases will minimize the impact of suppliers, price increases.

iil) Protects against Demand and Lead-time (Jncertainties : The
-'--rment made here considers the problems which confront logistics systemsLi
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t'

when both customer demand patterns and suppliers' replenishment lead times
are not known with a reliable degree of certainty. It follows that if service is to be
maintained at acceptable levels to customers then an investment in 'safety stock'
would be necessary.

(3\ Speculatiue Motiae : The firm may be tempted to keep some
inventory in order to capitalize an opportunity to make profit, e.g., sufficient
level of inventory may help the firm to earn extra profit in case of expected
shortage in the market. Such inventory allocations are made to meet seasonal
demand, sales promotion and to meet customer requirements during periods in
which the production facility is in-operable.

(4) To Maintain Customer's goodwill and. Irnproue Customer
Seruice.' Through a supporting role to marketing, once a market demand is
created, it requires availability if sales are not bo be effected and customer
goodwill has to be maintained.

\
I-ASSIFICATION OF INVENTORIES
entory can be classified according to :

' Ul Nature of material-It can be further divided into
(1) Direct material (2) Indirect material

lIIl t/ses of material
Fig. (1) shows the various ways in which inventory can be classified.

transformation in the manufhcturini
distributors or customers. examples of such inventories include :

6t' Prod.uction In .4 Ru* materi4lF, parts qnd components which
are consumed in the produc es of goods, corrle under the category o:
production material invento p rpose of holding these 

-materials is tc
ensure uninterrupted production process.

tiil In-Process Inuentori".i.. itn"
goods that are still in iEe ffiauctioh op

:r

5

f-

YJ

'llut"*

it/L

til

Illl lieS.Li
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Iruuentory Control 5;5

strikes, breakdcwns, shortage of materials, etc.

*.(2) Indirect materials iruse [r,"." materials in the inven
are requiref,for man transformation
the m of such inven

'*MdO 
lru"ntories i ),Maintena which

dci

are
call
Iubricating oil, plt[ cloths, machine spq-c4arts,
croduced but they are required for the
Drocess and so their stock is maintained.

tdo ts are
MRO inventories. Items like

E. are nob a part ofthe product
functioning of the production

1n
lljj.i'Consumablcs j, Consrmeh'les ,ro nrndrrnf c +hot I ono --^..i-^,l!\...r..fotirS i.e.. i

-'onsu-ffioff""
-'omputer disks, toner/ink cartridges and non-included capital goods such as
-'omputers, fax machines, and other business machines or office furniture.

cording to uses of materials
According to the cause or use ofholding inventory, inventories are classified

-1S :

(1)
:--eeded

.-3W ma
tuentories . Their existence is due to the fact that transportation time is involveci
l transferring substantial amounts of resources. For example, when coal is
lansported from the coalfrelds to an industrial town by trains, then the coal,

.'. hile in the transit, cannot provide any service to the customers for power

Diwali, umbrellas and raincoats before
-rins set in, fans while summers are approaching; or the piling up of inventory
',ocks when a strike is on the anvil, are all examples of anticipation inventories.

a_ \'
-^1.

:eds. However, the actual demand may not exactly match the average and could
:ll exceed it. To meet this kind of a situation, inventories may be held in excess
: the average for expected demand. similarly, the average delivery time (r.e., the
ne elapsing between placing an order and having the goods in stock ready for
.e. and technically called as the lead time) may be known. But unpredictable
' ents could cause the actual delivery time to be more than the average. Thus,Li
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excess stocks might be kept in order to meet the demand during the time for
which the delivery is delayed. These inventories which are in excess of those
necessary just to meet the average demand (during the average lead time period),
are held for protecting against the fluctuations in demand and lead-time. They
are also known by the term safety stoch,s.

p ch may
b ai and
when the item is required, there would be no cycle inventories. But practically,
purchases are made in lots, the reason being that if purchases are made
frequently and in small numbers, then the cost involved in obtaining the items

- would be very large.,

5.4 VARIOUS LEVELS OF INVENTORY
lFrxATroN oF sTocK LEVELSI

[I] Minimum Inventory Level
The minimum stock level represents the lowest quantitative balance of

materials in hand which must be maintained in hand at all times so that the
assembly line may not be stopped on account of non-availability of materials.

The minimum stock level is given by
Minimum Stock Level =Re-ordered level - (Average rate of consumption of

x Lead time)
The factors affecting minimum stock level are :

(l) Lead Time : This is the time required to obtain the delivery of fresh
supplies. If this time is more then the minimum inventory level will be high.
Lead time has two components. Administratiue lead time is the time taken from
initiating the procurement action until the placing of an order. It also involve.
the time after the materials have been delivered and are inspected for qualiq-
and quantity checks, making entries in store ledger etc. Deliuery lead time rsthe
time taken from placing the order until the delivery of the ordered material.

(2) Inland. or Importable Inaentory : If the material is to be importec
then the lead time will be more implying minimum inventory level is to be kep:
high.

(3) Auailability of Irutentory : If the material is not easily availabh
then the minimum stock level is to be kept high.

(4) Possibility of Intercuption in Production .. If the production
process is smooth then it is easy to determine the minimum stock level. Howeve.
if production is not smooth due to some reasons such as frequent strike.
power-cuts, etc., then it is not easy to find out exact level of minimum stock-

(5\ Nature of the Material.' Materials that are regularly required m
be maintained at a minimum level. If on customer's order a special item
material is to be purchased, no minimum level is required to be frxed for that.Li
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(6) Ro'te of consumption of the Material : The minimum rate, themaximum rate and the normal rate of consumption are to be taken intoconsideration while fixing the minimum stock level.

[II] Maximum Inventory Level
Maximum stock level represents the maximum quantity of inventory which:an be kept in store at any time. This quantity is frxei keeping in view of

1i sadvantages of over-stocking.
The following formula is used for computation of maximum stock level.

Maximum Level = Re-order rever + Re-order quantity -Minimum
consumption x Minimum Re_order period
Or

= Re-order ]evel + Re-order euantity - (Average rate of usage x Lead rime)
The factors affecting the maximtim stock level are :

(1) Rate of consumption of the material.
(2) The lead time.
(3) The maximum requirement of the material
(4) Nature of the Material.. The materials

:: stored as minimum as possible.
(5) Storage space available for the material.
(6) Price Economy.' Seasonal materials are cheap during the harvesting

*::Sorrs. So maximum purchases is mad.e during that season ,.ri 
". 

a result the- -rimum level is high.
(7) Cost of storage and insurance.
(8) cost of the materi,al and the finance aaailable.. when the-- .-:erial is costly the maximum lever is likely to be relatively low. If the price is..=lv to go up maximum level should be high.
(9) rnuentory Turnoaer : In case of slow moving materials the maximum

=1 is low and in case of quick moving material it is'frig.h.
(lo) Nature of supply.' If the suppry is uncertain, the maximum lever' rld be as high as possible.
tl Maximum level largely

' t-f,r, 
ordered and hence decides the maximu- ,"""Tlt 

quantity decideslhe

- .I Re-order or Ordering Inventory level
- his is the fixed point between the maximum stock level and minimum stock
s at which time the order for next supply of materials from the vendor is to: ne.

-:ris mainly depends upon two factors :

. Rate of maximum usage.

. Maximum Re-order period or maximum deliverv time.

at any point of time.
which deteriorate quickly
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Assurnptions of Re-order leuel are :

(i) The time of delivery remains fixed'

(ii) Load time remains frxed'

(iii) The average rate of consumption of materials does not changes'

Re-ord,er of ord.erirtg leuel is calculated by :

Ordering level or Re-order level

= L{aximum usage per day x Maximum Re-order period or

Maximum DeliverY Time

Or

= Maximum Level + (Normal usage of average rate of

consumption x Average Re-order period or Average delivery time

[IV] Average InventorY Level

Averageinventorylevelistheaveragequantitywhichmustbeavailablefora
given period of time. It is calculated in the following manner :

Averagestocklevel=[Minimumlevel+Maximumievell/2
orAveragestocklevel=Mininrumlevel+[Re-orderQuantityl/2

[V] Danger InventorY level

Inadditiontotheminimum,themaximumandreorderinginventoryleve-
there is another lrr',r"rrto,y level called d'an'ger leuel' This level is below thi

minimum level and when the actual stock reaches this inventory level immediat*

measureistobetar.entoreplenishstock.Whenthenormalleadtimeisnc,:
available, the purchase quant'ity cannot be accurately determined' So, it is fixe:

in such u'*uy ihut the aclual stock does not faII below danger level by the actui"

Iead time. This means that the minimum level contains a cushion to cover

stock reaches the danger l&el (but not yet the mini Lum level)' A reference ma1

bemadetothepurchasedepartmenttoensurethatdeliveryisreceivedbefo-
the actual stock reaches the minimum level'

Whenthedangerlevelisfixedbelowtheminimum,itbeingreachedbyt
actual stock, the defect in the system is identified and corrective meast

fl"o-". necessary. When the danger level is fixed above the minimum, it bt

,"u"fr"a by the aciual stock, preventive measure is to be taken so that the st

may not go below the minimum level'

It is the point or level of stock which the materials stock should never

allowed to reduce. It is generally a Ievel below the minimum level' As soon as t

stock of material reachJs this point, urgent action is needed for replenishment

stock.

Usually, the danger level is determined as two days of normal consumptionLi
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100 units per day

6O units per day

130 units per day

5,000 units
25 to 30 days

Usage x Maximum Re-order Period

(b) Minimum Level

(c) Maximum Level

(d) Average Level

= 130 x 30 :3,900 units

= Re-order Level - (Normal Usage x Average

Re-order Period)

= (Re-order Level + Re-order Quantity Or EOQ)

- (Minimum Usage x Minimum Re-order Period)

=(3,900 + 5,000) -(60x 25)

= 7,400 Units
_ Minimum Level+ Maximum Level _ ,7 x

2
1.150 + 7.400

' "5l]nits- 
2 -+'.tL

From the following particulars, calculate : (a) Re-order Leuel
h) Minimum Leuel, (c) Maximum Leuel, (d) Auerage Leuel :

Normal Usage

Minimum Usage

Maximum Usage

Econ omic Order Quantity
Re-order Period

Solution (a) Re-order Level =Maximum

= 3,900 -(100 x 27 .5) = 1,150 units

Note : Average Re-order Period - 25 t 30 
= 27.5d,ays

2

5,4-1 OPTIMUM LEVEL OF INVENTORY
From the above discussion, it becomes important to know the factors which

.,r'e responsible for maintaining optimum level of inventory. They are :

(l) Rate of Inuentory Turnouer : It is time period within which
,rventory completes the cycle of production and sales. When the turnover rate is
:igh, investments in inventories tends to be low.

(2) Type of Product.. Durable products are more susceptibleto inventory
:olding as the risk of perishability and obsolescence is less. Perishable and
:ashion goods are not stocked in large amounts. Thus, the type of product also
.efluences the inventory level.

(3) Market Structure : Under the conditions of imperfect competition,
lemand is uncertain and stocks must be held if the firm wants to take advantage
,f profitable sales opportunities. The optimum level of sales will depend upon the
ariability ofsales and the cost revenue relationship. The level ofinventory rises

,,,'ith increase in the difference between price and margipral cost. Thus, market
.tructure influence the level of inventories.

(4) Economies of Prod,uction.. It also determines the inventory level.
I'lodern machinery is very costly and the the cost of idle machiire time isLi
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considerable. Therefore, every business firm likes to maintain sufficient stock of
raw materials to ensure uninterrupted production.

(5) Costs .' There are certain costs of carrying stock. Some of these costs
(storage costs, setup cost, change over costs, ordering costs and spoilage and
obsolescence costs) are directly measurable. On the other hand, certain costs
(opportunity cost of capital, costs caused by price level changes, cost of loss of
sales due to shortage ofstock) are not measurable. All these costs influence the
level ofinventories.

(6) Financial Position of the Firm .' It has signifrcant influence on

inventory levels. A frnancially sound company may buy materials in bulk and
hold them for future use. A firm starved of funds cannot maintain large stocks'

(7) Inuentory Policy and. Attitude of Management : The inventory
policy and attitude of management also influence the inventory level.

,/
S,S INVENTORY COSTS

\-/ In determining an optimal inventory policy- the criterion.most often is the
cost function. The classical inventory .analysis identifies. four major cost

components : {?f Purchase cost(2)4rdering cost{S,f Carrying cost't4XStock
out cost) Fig. .(2a) shows the relationship of order quantity on the cost of
iniuentc6r.

EOQ Order quantity

Fig. (2a) Total inventory costs

for the
rom ou items

I
-
c
o
.c

i
o

or it may
vom/ ac fho nrrqnfifa/ nllr itg often.
s en it may e unit Price is

Rs. 20 for an order upto 100 units and Rs. 19.50 if, tEe order is for more than 100

U,t 1;r!Lt u\
lr df i'1.

,' \ "; "i; *lJ

(1) Purchase Cost
This refers tothe(n the purchase

and the

units.

'\ lt,l!,"\ 
t
I
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of eo
ue on.I rti

t includes

within the
relation to

making the

) nent cost'

3) CarryingCost,t
Inventory carrying costs comprise 4legr The various carrying costs

,.-re shown in frg. (2b).

-tryi- Fig. (2b) lnventory carrying costs

'l Direct co.sf,.s .' There are four cost characteristics that are important in
'.'ct cost items. These are closely related to tlle levels of inventory carried in
: System. \

e 1ryhen uni d) s rstothe nr 1es, the resources employed in
:roduction system ready and so on.

fFacilities : )
Rbw materials

Work-in-progress
Finished goods

Field service
Stocks

lncremental "

lncreases tn
infrastructure

costs
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"f 
;;;;;;;"i "r,n" 

iirvestment it is not unusual for companies to appli

a rate of interest which best reflects their view of the role of inventory'

Atthesametime,italsorefledtstheopportunitycostofcapital.Ar
alternative measure may use the weighted cost of capital'

(b) storage space iosts: storage Space costs include the storagt

,"qrii"-"nts for all categories It is important tc

remember that the costs of compa es are primarily frxei

costs. It is important to consider the relationship between storage space

costsandinventorylevels.Anexcessofstocksrequiresadditiona-
storagecapacity,whichmaybeavailablefromoutsideservicecompanl'
(renti"ngorspa"")foiseasonalvariations,butifitisincreasei
,rr.r"."Irurily for a long period of time it is a penalty cost that can bt

avoided.

(c) Seruice Costs :

size andvalue ofthe storage space'

! @) Ristt, costs : Risk costs will vary with the nature of the business, a-n:

simplymarkdownthevalueofthestockitem,itmayrenderitworthle-
Fo,-",ample,servicepartsforconstructionequipmentareoftel
modified and these modifications may render existing componen-"6

valueless.Furthermore,ifthereplacedpartsweretobeused,t|re
equipment warranty would be invalid'

(ii)Ind'irectCosts:Therearethreeimportantindirectcostitems
6,cern in inventory control. These are more related, to the overall role

(a) Capitql Cosfs I The Capital Costs of b1

customer servlce
(

Hffi;":,nffi; ng inventorv' io obtain an estimate
flipetine.) rqsLq qnd roles. As y contribute a large

derived.

Opportunity Costs'. Dynamic companies usually have a range

in ".t*".ti alternatives they can pursxe' Clearly' if the investmen:
(b)

inventory is accounting for too much capital investment' then :Li
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alternatives become rimited in number and impose opportunity coststhrough the lack ofcapital ava,a rle to invest in arternatives.
(.c) Incremental Increase Costs : An important asfiBct ofindirect costs is the in

by carrying excess inventory. cost 
es in infrastructure costs caused

involve companies in an over-inves
together with jncurring unnecess
The cost penalties are both fixed a

l) Stock-out Cost lr
Stock out cost means th t associated with

If the
. r'tductio rt wriuld imp$ that

t is, in the
Iting in idle

t attract some
e forgnen and machines, or that the

, in.a
an evoke di
or a 'lbst

ntial
ni reactions

:..r'korder the sales are not lost, they are only delayed.
sale'. In case 6f

The other costs of importq.nce in trnaentory control are :
r t \,Varehousing Cost

This covers the cost related to product holding in warehouse. Depending on: kind of warehouse-private, public or contract-there will be a cost related
:he space occupancy, based on the duration of storage. This cost varies from

- :, to 4 per cent and may be taken into consideration *hil" 
"o-prting 

inventory
'.-ated costs.

: J Damage, Pilferage and Obsolescence Cost
The material stored carries the risk of damage, shrinkage, and loss of weight.

- -e product also carries risk of pilferage or obsolescence due to technology
-inge or availability of substitutes. The cost percentage for these eventuatitG
r'ies from 0.5 to 2 per cent depending on the product.

- I Exchange Rate Differentials
In case of imported inventories, the valuation is done based on the current

r'I'ency exchange rates in the market. Any fluctuation may increase or decrease
- :' \'alue of inventory. Due to exchange rate fluctuations, there is a risk of selling
-. material at prices lower than the landed cost.

: 6 ADVANTAGES AND DISADVANTAGES OF
HOLDING INVENTORY

r.dvantages

The various advantages ofholding inventory are :

(l) Aaoid.ing Ldst Sales.. Without goods on hand which are ready to be
- l. most firms would lose business. some customers are willing to wait,

out is in-ter
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particularly when an item must be made to order or is not widely available frorr.
competitors. In most cases, however, a frrm must be prepared to deliver goods or:

demand. Shelf stock refers to items that are stored by the frrm and sold with little
or no modification to customers. An automobile is an item of shelf stock.

(2) Gaining Quantity Discounts .' In return for making buls
purchases, many suppliers will reduce the price of supplies and component parts
The willingness to place large orders may allow the firm to achieve discounts or
regular prices. These discounts will reduce the cost of input and increases th+
profits earqed on a sale.

(3) Reducing Ord.ering Costs.' Each time a firm places an order, i:
incurs certairi expenses. Forms have to be completed, approvals have to E
obtained and goods that arrive must be accepted, inspected, and counted. Late:
on invoice must be processed and payment made. Each of these costs will var"
with the number of orders placed. By placing fewer orders, the firm will pay 1e-'

to process each order.

(4) Achieaing Efficient Prod,uction Runs.' Each time a firm sets u:
workers and machines to produce an item, start-up costs are incurred. These a-
then absorbed as production begins. The longer the run, the smaller the costs :"r

begin production of the goods. As an example, suppose, it costs Rs 12,000 to morr
machinery and begin an assembly line to produce electronic printers. If 1,2[rl

printers are produced in a single three-day run, the cost ofabsorbing the start-;i
expenses is Rs. 10 per unit (12,00011,200). If the run could be doubled to 2,4;-ti.

units, the absorption cost would drop to Rs. 5 per unit (12,00012,400). Freque:;
set-ups produce high start-up costs; longer runs involves lower costs.

(5) Reducing Rish of Prod.uction Shortages : Manufacturing frrcr
frequently produce goods with hundreds or even thousands of components. f
any of these are missing, the entire production operation can be halted, u -i
consequent heary expenses. To avoid starting a production run and tl::r,
discovering the shortage of a vital raw material or other component, the firm
maintain larger than needed inventones.

Disadvantages
The various disadvantages associated with holding inventory are :

(l) Increase in Carrying Costs.' The carrying cost of inventories wiL
more if materials are stored for longer time.

(2) Unnecessq,ry Capital Inuestment : IJnnecessary capital is inve
in materials if large inventories are purchased and stored.

(3) Irucrease in Maintenance Cost : The safety of materials anci

maintenance may be costly. The insurance charges, rent of stores and other c

of storage are involved in inventory such as cost of holding and record keep'

the materials in stock.

(4) Wastage of Materials : Wastage, pilferages, deterioration
obsolescence of materials with time will unnecessarily be unprofitable
organization.Li
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(5) -Loss To Company : In case of reduction in cost of items in

:nventories, there will be great loss to the company.

5.7 0BJECTTVES OF TNVENTORY CONTROL
Inventory control helps in attaining various objectives of an organizatiorr

''i'hich can be categorised into two heads :

II] Operating Objectives
(l) Aaailability of Materials : The first and the foremost objective of

,he inventory control is to make all types of materials available at all times
.r-henever they are needed by the production departments so that the production
:nay not be held up for want of materials. Therefore, it is advisable to maintain a
:ninimum quantity of all types of materials to move on the production on
.chedule.

(2) To Check Wastage .' Inventory control not only ensures
.rninterrupted material supply to production department but also ensures the
-ontrol from purchasing to supply of finished goods to customers. So in this way
.: checks waste and wastage whether it is about time, money or material.

(3) To Chech Embezzlement and, Theft.' Inventory control is necessary
: rr protection from theft and embezzlement by maintaining necessary records.

(4) For the Success of Business : Customer's satisfaction is very much
,nportant for the success of business. Customer's satisfaction is directly related
r the goods supplied to them. If the goods supplied to customers are low in cost
,'ith good quality at right time, it ensures the success of business. Inventory
rntrol helps in achieving this goal.

rlll Financial Objectives
(l) Optimum Inuestment and Efficient use of Capital.' The prime

bjective of inventory control from financial point of view is to have an optimum
.:r.el of investment in inventories. There should neither be any defrciency of
-:ock of raw materials so as to hold up the production process nor there any
r\cessive investment in inventories so as to block the capital that could be used
.l an efficient manner otherwise. It is, therefore, the responsibility of frnancial
:ranagement to set up the maximum and minimum levels of stocks to avoid
ieficiency or surplus stock positions.

(2) Reasonable Price .' Inventory control ensures the supply of raw
:iaterials at a relatively low price but without sacrificing the quality of it. It helps
:-i controlling the cost of production and the quality of frnished goods in order to
:raximize the profits of the concern.

(3) Minimizing Costs .' Minimizing inventory costs such as handling,
rdering and carrying costs, etc., is one of the main objectives of inventory
.ranagement. Financial management should help controlling the inventory costs
1 a way that reduces the cost per unit ofinventory. Inventory costs are the part
i total cost of production. Hence cost of production can also be minimized by

, rntrolling the inventory costs.Li
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@) For Effectiue Cost Accounting System.. Cost accounting system is

useful only when there is a tight control over cost. Note that inventory cost is a

major part of total production cost.

5.8 SCOPE OF INVENTORY CONTROI,
Inventory control can be used for :

(l) Determination of Inaentory Policies.' Inventories are the result of

many interrelated decisions and policies within an organization. These policies

depend on company's internal strengths and weaknesses and external

opportunities and threats. The behaviour of inventories is the direct result of

d.iverse policies and decisions within company. These relate to the investments.

procurement, storage and frnance which are directly influenced by inventory

control system. Inventory control also follows up to examine the work of

inventory policy and effect change as and when needed.

(2) Determining Various Stock Leuels.' Another important decision is

maintaining inventory and determining the right inventory level' An inventory

Ievel is a quantitative limit, which should neither be much high nor too low In
both the cases, the total costs shall be higher. The critical inventory levels are

re-order level, minimum level, maximum level, danger level and average stock

level.

(3) Determining Economic ord.er size : Economic order size is that

size of the purchase order which gives maximum economy in purchasing anl-

item of material. The other terms used for economic order size are 'economic lot

quantity' and 'ecoitomic buying quantity'. The most advantageous economic

quantity will be at a point where the acquisition cost and inventory storing costs

are equal, Le., where total costs to order and to carry material are minimum.

(4) Determining safety or Buffer stock.. The demand and supply can

never be assessed exactly. There is always a discrepancy between actual and

estimated demand and supply quantities with fair deg'ee of uncertainty. Abuffer
stock can be clefined as the average inventory stock available when the fresh

supply arrives. It is presumed that this stock will be able to cope with the

"-"rg"r"y 
if and when experienced. Generally, buffer stock is maintained at the

desired level by discontinuous replenishments at varying intervals of time'

Factors affecting choice of buffer stocks are uncertainty in demand, uncertaintl'

in lead times and size of the batch. The larger the uncertainty associated with

any factor, large should be the size.

(5) Determining Lead. Time : This is the time gap between placement of

an order and the time of actual supply. The determination of lead-time is a

complicated matter. It is of core signification in determining the stock level.

Lead Time = Servicing Time * Delivery Time + Receiving Time

The minimum, maximum and average lead times differ from unit to unit anci

from time to time.Li
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5.9 FUNCTIONS OF INVENTORY CONTROL
From the discussion uptill now, we can summarize the functions of inventory

rntrol as under :

(1) To ensure smooth production operation by ensuring timely availability
of material.

(2) To minimise capital investment in inventory by better use of financial
resources.

(3) To helps in minimising loss by obsolescence, deterioration, damage,
thefts, wastages, etc.

(4) To protect against the uncertainties of demand and supply.
(5) To help managers in decision making.
(6) Better utilization of storing capacity.
(7) To maintain reasonable stocks of materials at all times.
(8) To facilitate regular and timely supply to customers increasing customer

satisfaction.
(9) To prepare accurate material reports.

( 10) To help in checking national wastage.

J.1O ESSENTIALS OF A GOOD INVENTOR.Y CONTROL
SYSTEM

Following elements are essential for a good inventory control system :

(1) Proper Co-ord.ination : There should be a proper co-ordination
-:tween all the departments who use materials, such as purchase department,
-,ore department, inspection department, accounts department, production
,epartment and sales department. There should neither be a scarcity of material
ll excess of material at all the times.

(2) Praper Classification: Classifrcation and identification of
-r-entories by allotting proper code number to each item and group should be

,rne. This facilitates prompt recordings, locating and dealing of materials.
(3) Use of Standard. Forms.' Standard forms should be used so that any

.-formation can be sent to all department within no time.
(4) Internal Chech System; Audit should be done by an independent

,rrty to check effectiveness of the inventory control system.

(5) Proper Storing System.' Adequate and well organised warehouse
...cilities with well-equipped proper handling facilities must be there. Such
-.cilities will reduce the wastage due to leakage, wear and tear, sustained dust
.:rd mishandling of materials. Store location should be in between the purchase
::partment and production department, so that cost of internal transportation
rn be minimised.

(6) Proper Store Accounting.' An effrcient inventory control
- ecessitates maintenance of proper inventory records. Any typical information
-:garding any particular item ofinventory may be taken from such records.Li

br
ary

 S
tud

y M
ate

ria
l

Industrial Management: Notes

Page No  137 of 300.



,E.IE r, Shubhem's Industrial Management

(7) Proper Issuing system.' There should be a welr organised issuing
system of material so that production process does not suffer.

(8) Perpetual rnaentory system; Daily stock position should be taken
in this system.

(9) Fixing of various stock Leuels.' Minimum stock level, maximum
stock level, re-order point, safety level, etc. should be pre-determined to ensure
the continuity of smooth production.

(lo) Detertnination of Economic order Quantity.. Economic order
quantity should be determined to minimise the cost of inventory.

(11) Regular Reporting Systenx.' The information regarding the stock
position, material quantity, etc. should be available to management regularly.

(12\ Intelligent and experienced personnel: Another important
requirement of a successful inventory control system is the appointment of
intelligent and experienced personnel in the purchase department. These
personnel should be expert in their freld and negotiating the deals.

5.10-1 PERPETUAL INVENTORY CONTROL SYSTEM
The perpetual inventory system is a system of maintaining records of

physical movement of stock, i.e., Lhe record of every purchase and issue and their
current balance to facilitate regular checking and to obviate closing down of
books for stock taking. This system saves the important time in stock's physical
checking at the end of the year.

Procedure
Under this system as the material is received in the store, it is recordei.

immediately on the bin card, in store ledger and in accounts department. Entry
in bin card is done by store-keeper, in store ledger it is done by store-incharge ani
in accounts department it is done by accounts offrcial.

This system can be utilised in its full ifan external auditor checks the record:
ofall the three places, described above. Ifthe difference is found in any one ofthe
record then its reasons should be discussed. Step should be taken to remove
discrepencies.

Difference in the physical quantity of materials in the store with the
quantities shown in the bin card and store ledger can be due to the following twc
reasons :

(l) Contrable Loss.. These may be as follows :

(i) Mistake in calculating balance in receipt or issue.
(ii) Loss due to breakage during loading-unloading of material.
(iii) Wrong entry in bin card or store ledger.
(iv) Mistake in calculation due to wrong placement of materials.
(2) Uncontrolable Causes.. These may be as follows :

(i) Loss due to cutting, breaking or weighing of materials.
(ii) Evaporation of material etc.Li
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riii) Loss due to weather and climatic or Atmospheric conditions.
(iv) Expired material.
By close control and regular checking these can be prevented.

\dvantages
The advantages ofperpetual inventory system are :

(1) A complete and dependable check is obtained on the stores.
(2) The normal work of the factory need not be kept suspended for the

purpose of stock-taking.
(3) Preparation ofprofit and loss account and Balance Sheet.
(4) Discrepancies can be readily detected and adjusted. Measures to avoid

such discrepancies, wherever possible, may be taken.
(5) Stocks can be kept within the limits prescribed because stores audit

extends to this aspect also.
(6) since the stocks are kept within the limit, there are no chances of capital

being unnecessarily blocked, bottleneck in supply for production, loss
due to deterioration, obsolescence etc.

(7) It creats a moral check upon the stores personnel.
(8) Experienced personnel can be employed to work on the system.
(9) For fire insurance etc. reliable stock figures can be obtained.

(10) Systematic review ofperpetual inventory helps detection ofobsolete and
slow moving materials.

CESS OF INVENTORY CONTROL
The process of inventory control may be divided
Stqte I .' (Process of purc\
State II : .Inventorv stor
Statelll' iProcess

into three stages as under :

o{ ordering.)
!, 

-F.- 
'

[I] Process of Purchasing of Materials
The various steps in the process of purchasing of materials are :

(l) Establishment of Purchase Department : A different department
shou_\!!_9_9q!ab!ished lor purchase of ma
.nsure the availabili
.tationary, e.tc.

lpu as eis nt ngle place and nature ofproduction is of
same type. But if an industry has different prodriction centres which are lobated
at different places, then it b-ecomes compulsory tq foliow declntralised purchade
system. Thus, it is necessary to have a-complete knowledge about the nature of
production, location and capacity of each location, etc.Li
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(2) Preparation of Purchasing Budget
target of the company should be determined. On
purchasing of d. -

: First of all the production
the basis of this the budget- for

Following points should be kept in mind while preparing purchase budget :

(i) System to receive the materials.
(ii) Ahe .quantity and quality of the material according to the production

requrrements.
(iii) Port." of suPPly.

(iv) Fesent balance of materials and estimated time to receive the materials
ordered.

(v) ,Available cash for debtorp.
(vi) On which date the indent (purchase requirement) is made by concerned

department
(vii) The conditions regarding the value of the material and rebate or

discqunt on it.
(3) Preparation of Purchase Requisition srip: The initiations of

purchase begins with the forma'l request from the various sections or
departments to the purchase department to oider goods. The request is made in
a prescribed form to the purchase department by the departments needing the
goods, authorising the purchase department for procuring the goods-as p"i th"
specifications given in the slip by the dAte mentioned on it.

The requisitions are generally prepared in triplicate. The original copy is
sent to the purchase department, the second copy is retained by the store or the
department initiating the purchase requisition and third one is sent to the
costing department.

(4) obtaining the Tender or Quotations : After the decision for
purchase, tenders or quotations are invited from the prospective suppliers. on
studying the terms of supply and the quantity and quality of the goodi, vender is
selected after the comparative study oftenders.

(5) sending Purchase order: After comparing the different tenders or
quotations, the best vendor is decided and the order of required material is
placed to him.

Purchase order is prepared in prescribed form by the purchase departmenr
and sent to the vendor authorising him to supply a specifred quantity and qualitl-
of the materials at the stipulated terms at the time and place mentioned there in.

(6) Receiuing and. rnspection of Materials : when goods arrive thel-
are taken delivery ofand parcels or packets are unpacked. The contents ofthe
packages are checked by the receiving clerk with the order placed by the
purchasing department to the vendor. After proper checking, goods should be
delivered to the laboratory or inspection department or the people from these
departments should be called for carrying inspection. Goods received note is
prepared at this time.

(7) Returning the Defectiae Materials: on checking, if an)-
discrepency is found with regards to quality and quantity, it should immediatelr-Li
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lnuentory Control .siit,
be referred to the purchase department so that the discrepancy may be adjusted
or steps may be taken to return the defective or damaged goods in exchange of
proper quality material on credit note.

(8) Payment of Purchased Material: After required inspection, etc.
final report is sent to purchase officer, who sends it to payment officer after
placing required entries in the report. After checking the ledger, payment officer
authorise accounts clerk for payment.

[II] Inventory Storing Procedure ,

Inventory storing pr-ocedure is an important part of inventory control.
Following procedure iS followed in inventory storing :

(l) Receipt of Material in Store : The storekeeper receives the material
along with the goods received note frorh the receiving section. The material are
then classified according to the nature of the material. The material should be
arranged in bins especially meant for the materials. A bin card is attached with
each bin or rack displaying the identification mark or code, minimum, maximum
and ordering levels of materials and receipts, issues and balance of materials in
hand, so that the exact position may be known at any time whenever desired.

(2) Issue of Material from Store.: The store undertakes the
responsibility of issuing the'material to the using departments. In order to
prevent malpractices, the materials must be issued only against the properly
authorised requisition slips. These requisition must be properly checked and
scrutinised to avoid over-issue of materials. All requisition received must be
posted immediately on daily basis on the bin cards and on the stock control cards.
Generally three copies of requisition slips are prepared-frrst two copies are
given to the stores and third copy kept with the demanding department. Store in-
charge keeps one copy of requisition slip for himself and other copy is sent to
accounts department.

(3) Return of Material to Store: If a department uses less material
than its demand, then it returns the material to stores. Goods return slips are
sent along with the materials. The same specifications and details of materials
are given in goods return slips as they were mentioned in requisition slips. Three
copies of goods return slips are prepared. First two copies are sent to stores
department and third copy is kept by the goods returning department itself.
Store keeper sends one copy to accounts department. The colour of both
requisition slip and return slips are kept different to identify them easily.

(4) Transfer of Material: The transfer of materials from one

depaltment to another department is generally not appreciated, because it
creates problems in material control process. But sometime when there is an
emergency, the transfer of material from one department to other department is
allowed. The department transferring the material makes four copies of material
:r'ansfer slips. First copy is sent to the needy department along with material.
Second and third copies are sent to stores department and accounts department
ior their information and further necessary action. Fourth copy is retained by
the department transferring the material.Li
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(5) Material Abstract : In big industries where large quantity of
materials are received, issued and transferred daily, "material abstract" is
prepared weekly or fortnightly to control the inventory. A physical verification of
quantity in stores and other departments is done by material abstract.

If any discrepency is found in physical verification of quantity in store or
other department, it is brought to the notice of top management. This type of
check plays a very important role in inventory control. lhus, material abstract is
a summary of materials received, issued and transferred, for a given time period.

[III] Process of Issue of Materials
To control the issue of materials following procedure is followed :

(l) Issue of Material 2,, 
tfi/l'rs, any production department needs

materials from store, it prepares three copies of goods requisition slip. If the
material is costly and important, then factory manager also signs these copies.
one.copy of requisition slip is kept by foreman himself and other two copies are
given to str-rres. According to the requisition slip, the store-keeper issues the
materials to foreman. Foreman signs the two copy of store's requisition slips to
verify that he has received the material. Then storekeeper makes the required
entries in the bin card. After signing both these copies of requisition slip.
storekeeper sends one copy to accountant ofstore. After recording the issue of
materials, store accountant sends this copy to costing department.

(2\ Record of Materials Issued in the Costing Departmerut : After
receiving one copy ofrequisition slip from stores, cost clerk writes the rate and
amount of materials in requisition slip and makes an entry in stores ledger.

(3\ Return of Materials Issued: If some quantity is left with the
issuing department unused, then it is returned to the stores department. For this
purpose, the foreman prepares three copies of Material Return.Slips or Goods
Return Slips. All these three copies are sent to storekeeper along with material.
All the three copies of Goods Return Slip are duly signed by the storekeeper. one
copy is sent to department returning the material, second copy is sent to store
accountant and the third copy remains with storekeeper. Store accountant
records the goods returned in store control records and sends the goods return
slip to cost department.

(4) Periodical Cheching of Materials : To control the issue of
materials it is very much necessary that bin cards, stoie control records and store
ledgers are checked regularly and if any discrepency is found, proper corrective
actions should be taken.

(5) Physical Stoch Cheching of Materials : Physical stock checking in
stores should be done periodically to prevent materials loss, material damage.
theft and determine inventory balance in hand. This checking can be done
weekly, monthly, etc. Physical stock checking means the verification of actual
quantity in stores. This checking should be done surprisingly or at random basis.
If any discrepency is found, corrective actions should be taken to reduce or
eliminate them. The possible reasons for discrepency may be wear and tear of
materials, absorption of moisture, evaporation, waste, breakage, theft or wrong
recordings. This is assumed to be the best method of inventory control. However.Li

br
ary

 S
tud

y M
ate

ria
l

Industrial Management: Notes

Page No  142 of 300.



Inuentont Control

.eis method is applicable only for insignificant items on a regular basis or for all
,:ems in a big industry on a yearly basis.

,I level of inventory, two issues are importanL.tl
*l Order auWQty : The issug here is how much to order of each material.

This is alsotAlled "Lot-size;' or "Econorhic Order Quantity,(EOQ)".
,|fr!. 

,, 
The issue here is when to place the order. It is also called

Based on these two issues, there are two inventory control systems or

'pproaches : '
(.1) Q-system

s.,fl&

(2) P-system

rlfiixed Order Quantit System (Q-system) :.

eferreflto ; The quantity to be- ordered is determined by
:emand an / -

for inventoriesThe fixed order qugr s
ver a period of time ( nstant and'The

nmediately after they are ordered). W_ith the passage of time, the level of stock
;ets steadily depleted until it reaches the point R (reorder point) and then the
rder is placed for Q units and the stock reaches the initial level.

ldvantages:

{ h individual item can be pggir^1s9d in its most EOQ. }

(ii)-!,ecord of the current stock balance of each inventory-maintained

GiD"Jfelps in preparing the pattern of demand data,
(iv)- Most useful for low-valued inventory items. fhey can be ordered in large

quantities without much managerial concern.

Disadvontages:
(i) Requires continuous reviewing of item and maintenance of inventory

balance records.
(ii) Each item is ordqred at a different ti . Therefore, economic advantages

of bulk-buying is lost.
(iii) System becomes difficrllt to operate in case the pric-es of items and

demand varies rapidly and continuously.

item is
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The assumptions like no lead time, constant product dernand, constant price
per unit of product, constant ordering or set-up costs may not be applicable ir-
real life situations. Thus, to improve the applicability of this system, frrms adop:
a more practical approach wherein the time between two successive orders L
varied to accommodate the changes in demand.

(2) Fixed Order Period System (P-System)
In the frxed order period system, the prder period but the order

quantity varies ;ime@Be-nd=

and the quantity ordered duriiig r; re4!1tpryr-t[Lquantrtylr{ered ar I
'I'he level ot'rn . 'I'h:
order size is determined on the basis of available and required inventory level. -L
this system is based on periodic review of inventory level, the cost involved i-
constant review can be saved. But the system requires higher levels of safeg
stocks to tide over any unexpected demand variatibns.

Advantages;
(i) Eliminates a lot of clerical work since levels are checked periodicalll

only.
(ii) Suitable for items that exhibit an irreg'.ular or seasonal variation.
(iii) Ordering cost is reduced when many items are purchased from the san:=

source.
(iv) Most useful for high-valued inventory items. They are ordered i:

relatively small quantities but periodically.

Disadvantages:
(i) Periodic review of all items is required.
(ii) Leads to peak purchasing workload around the review dates.
(iii) Inventory carrying cost are higher as compared to Q-system becau-

reserve stock maintained is usually higher in P-system as compared ::
Q-system.

5.1.3 INVENTORY CONTROL MODELS
an{iiv"rrtory control rnoa"t. can be classified as shown in frg. (3)

u

Static lnventory Models

Fig. (3) Glassificatiodd lnventory Control
/
I
14

I\\
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Il Static Inventory Models
These models are applicable in cases where only one order can be placed to

::eet the demand. Repeat orders are either impossible or too expensive. Typical
.samples of items under this group are persishable goods (like bread, vegetables,
.,c.) and seasonal products (like coolers, unbrellas, crackers, sweaters, rain
- rats, etc.)

III Dynamic Inventory Models
These models are applicable for items where repeat orders can be placed.

lvnamic inventory models are further classifred as :

(1) Deterministic models (2) Probabilistic models
(l) Detenninistic models: These items are based on the assumption

.iat the demand as well as lead-time of an item are known with certainty (i.e.,
::terministic/can be determined). In these models, the stock is replenished as
: lon as the stock reaches the point of exhaustion because of the assumptions
-nderlying them. Under such idealistic situations, there is no need to maintain
::.rv extra stock because the supplies are assumed to arrive the moment the stock
=r'el reduces to zero. Hence, there are no stock-outs unless they are intentionally
..-lowed to occur.

The various assumptions in deterministic models are :

(i) The demand of the item is known exactly for a given period.
(ii) The demand of the item occurs uniformly over a period of time.
(iii) Orders are received instantaneously.
(iv) The item can be purchased freely, i.e., there are no restrictions of any

kind.
(v) The item has fairly long shelf life. There is no fear of deterioration or

spoilage.
(vi) The cost of placing an order is fixed. It does not vary with the lot size.
(vii) The inventory carrying charges are directly proportional to the order

quantity.
tviii) The price per unit is fixed and is independent of the order size.

(2) Probabilistic models: These models take into account the

OMIC ORDER QUANTITY IEOQ)
There is ingle formula which can be used

-,re to different factors or
for the determination of EC

---'cording to Nqwryn;'the most preirailing condifions lead to foll
r:terministic models :

(1) MODEL-I (Basic EOQI
(2) MODEL-II (EOQ for LOTS), g.-,

E#1
(3) MODEL-III(EOQ with Quantity

?_

Disco t) JLi
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5.L4-1. MODEL-I (BASIC EOQ)

.e., there

Q = quantity of product ordered each time.

C = cost of carrying one unit of inventory for one year
(Rupees per unit per year)

S = average cost ofcompleting an order for a product
(Rupees per order).

Now.
(a)CArmual Carrying Cos/ JAverage Inventory Level ) Carrying Cost

=Q, c
2

(b) Annual ordering Cost 
ryffi 

g-"-rJJgil. Ordering Cost

'a' "
(c) Total Annual Stocking Cost (TSC)

=Annual Carrying Cost + Annual Ordering Cost

=[9 lc * i 2ls &r'-

\2 ) \.4'
(d) To get the value of optimal quantity, the total stocking cost should be

minimum, which can be possibles when
lnventory
consumption
trend

Maximum
inventory level r

Average[@c

G

inventory
level (Ql2) 

__..._

Reorder
leveluJ

i---lLT f; LT Tlme (days)

cycle /

Fig. (4) Basic EOQ Model
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Inuerutory Control

a, =TorQ= tr:EoQ
(e) Average I.rrerrto.yffi, - 

Maximum I3lentory + Minimum Inventory

=(8 + otl2 =QL2 )
Fig. (a) shows the basic economic order quanf,ity model
As shown in figure, an average inventory of QIZ implies that there is no

=afety stocf,;5prders are received all at once; goods are used at a uniform rate and
naterials are entirely used up when the next order arrives. This is generally not
cossible in practice. Even if there is a minor deviation, Ql2 may still be a
:easonable estimate of average inventory levels for some goods.

Calculate EOQ if it is giuen that-arunual usage =60 units,
DrocureffLent cost : Rs 15 per order, cost per piece =,Rs 100 arud cost of carrying
tnuenlory is 70Vr.

Solution We know that EOQ:Q :

Here, D = 60, S =15,C =i001!01 100) = 10

'.fherefore, EoQ =./2 ' 
6qx 15 

= 13.41 = 13 units"\/ 10

-r.1.4-2 MODEL-II (EOQ FOR LOTS)

rajor assumptions of this model are. as follows :

,\ssumptions

€|Aalfiual'demand, carrying cost, and ordering/procurement cost for a
product/material can be estimated.

(ii) iNo s 
----.--i. 

ur" p) and

Qsed dgood enext
order begins to arnvq.

Qii)'Stock-out, customer responsiveness, and other costs have no effect.
(iv),"Quantity discounts do not exist.

r*ffiupply Lqte (p) is greater

Let D =Annual de-aTd-io. a product

@ = Quantity of the product ordered each time
C : Cost of carrying one unit of inventory for one year

(Rupees per unit per year)

S = Average cost of completing an order for a product
(Rupees per order).Li
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d = Rate of which units are used out of the inventory
(Units per time period).

p: Rate at which units are supplied to inventory .^
(Same units as d).

Now, e f "r* 'j Y

(a) Maximum invent \ -

Inventory build up Late x Period of delivery"*.-'+-
(p-d)(Qld \jle)'{d ,

(b) Minimum inventory level = 0 'i'

(c) Average inventory level

'.i-c 
r? =Maximum inventory level + minimum inventory level

]t

(d) Annual carrying cost =Average inventory level x carrying cost
Qltp-dt)^-21 ? l-

(e) Annual ordering cost = Orders per year x Ordering cost

=2, s
Qs

(0 rotar Annuar t':"f,,l,,-":i:lJff:lcost 
+ Annuar ordering cost

=9(4lc*? s2[ p ) q
(g) To get the formula of optimal qrfantity, the total stocking cost should bc

minimum, which will be possible when

lr
tl

/ L \Supply/ | \Supply
beoins I ends

(p-d)
lnventory buildup rate ,)

Fig. (5) EOa for Lots Model
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,t | .

5.29

o, =(2ps l[__l']' \ c )lp-a)

EoQ =@ =

From the figure, it is observed that this model is only a slight modification of
iIodeI-I. The only point of difference in this model is that it is based on the
-.-ssumption that procurement and supplies are at a uniform rate than they are in
I'lodel-L

3.14-3 .DTIODEL-rrI IEOQ WITH QUANTITY DTSCOUNT)\,/

for the best price possible] but
the savi4g in purchase posfis.

-his is the main otijectivb of this model. The quantity.purchased does not
,-ecessarily have to be th-e EOQ amoirnt as formulatld from Model-I and
l,lodel-Il. Rather, it is the quantity that minimizqs the sum of annual carrying,
rdering ancl acquisition costs. 

: I

Model-III uses either Model-I or Model-II formulae. Srhen deliveries are
rade at once, then Model-I is used and when the deliveries are gradual, Model-II
s applied. Feasible EOQ and the quantity at any price break with lower prices
:re rrost important factors to determine the optimum quantity.

\ssumptions ***
G) Annual demand, carrying cost, and ordering cost for a material can be

estimated.
(ii) Average inv-e3rl-o_ry-l_ev-qls_ can be estimated at either :

-*Qlz_ifthe assumptions of Model-I prevail : no safety stock, orders are
received all at once, materials are used at a uniform rate, and materials
are entirely used up when the next order arrives.

@2Kpd)bl--if the assumptions of Model-II prevail; qg.qqfety gtosk,
materials are supplied at a uniform rate (p) and used at a uniform rate
(d), and materials are entirely used up'when the nexf order arrives.

+iii) Stock-out, customer responsiveness and other costs have no effect.
(iv) Quantity discounts do not "*i). As larger quantitiJ arl ora"."a, n.i""

breaks, appry,tJ-?* uniis ordere l. "

Now all the definitions in the previous models apply to ModeI-III.
-Cditionally :

TMC = total annual material costs (Rgpees per year)

ac:Acquisition cost of either purchasing or producing one unit of a material
?upees per unit)Li
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Formulae

The EOQ and TSC formulae from either Model-I or Model-II are applied tc,

Model-III ion.

fAnnu
I

\ totut +

\n4ual acquisition cost

Order Delivered AII at One Time Gradual Deliveries

TMC = (qlD C + (DIQ) S + (D)."

Eoe = ,tfZDStc)lptt;-n
TMC = (ql2') l(.p d)lp)c + (DIQ) s + (D)u.

(a) Compute the EOQ using each of the sales prices. Note that C is usually a

function of sales price or production cost. For example, C may be defrnec
as 20 per cent of sales price. Therefore, EOQ will change withC and ac.

(b) Determine which EOQ from Step 1 above is feasible. In other words, i-.

the computed EOQ in the quantity range for its price?

(c) The total annual material cost (TMC) is computed for the feasible EOQ
and the quantity at any price break with lower sales prices.

(d) The order quantity with the lowest total annual material cost (TMC) i,.

the economic order quantity for the material.
The EOQ formulae, in the case of quantity discount, begins to build more

realism into these models of analysis. Despite having some restrictivr
assumptions, Model-III is the most appropriate approach to inventory control

Determination of Reorder Point (When to Order)?

The re-order point refers to the timing at which the resupply process shoul:
be initiated. In other words, reorder point is the determination of the mos:
appropriate timing for placing an order for the supply/procurement c,:

goods/products. The basic reorder point formula can be derived under th:
assumption that demand and replenishment cycle time are known as well a.
predetermined and there is no buffer/safety stock.

Suppose, -B = Reorder Point in Unit
D =Average Daily Demand

7 =Average Replenishment Cycle time
Hence, R=D xT
When the demand and replenishment cycle time is uncertain, then there =

requirement of buffer/safety stock to meet requirements of a sudden increase i:
either the demand or the replenishment cycle time.

Suppose, safety stock is SS, then in this case,

.xY\

i)r

R=Dx7+SSLi
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Example:
If d =5units per day,7 =10days,
Then R=5x10=50units.

e., order should be placed for the next replenishment when inventory level is 50
-.nits.

-r.14-4 LIMITATIONS OF EOQ MODELS
(l) Erratic Usages.. The formulae we have used assume that the usage

-,f materials is both predictable and evenly distributed. When this is not the case,
:he formulae are useless. Different and far more complex formulae can be
,leveloped for wide swings in usage, so long as these swings can be predicted. But
.i usage varies unpredictably, as it often does, no formula will work well.

(2) Faulty-Basic Information: EOQ calculations are only as accurate
:s the order cost and carrying cost information on which they are based. It is not
..n easy job to calculate order cost. In practice, order cost varies from commodity
. r commodity. Carrying cost can vary with the company's opportunity cost of
apital.

(3) Costly Calculations : It is not an easy job to estimate the cost of
.--quisition and cost of possession accurately. This requires hours of work by
.Jlled cost accountants. Actual calculation of EOQ can be time-consuming even
'.'hen the simple formulae for steady usage are used. More elaborate formulas
r.e even more expensive. In many cases, the cost of estimating cost of possession
.:rd acquisition and calculating EOQ exceeds the savings made by buying that
- -rantity.

(4) No Formula Substitute for Commonsense: Therefore, it is
:sirable to include a number of modifiers. The formula may suggest that, we
- der six years supply, based on the assumption that we will continue to require
.e item at the same rate for the next six years. The modifier is a

:-,aximum'limit, not more than one year's supply or two year's supply. The
rmula may suggest that we order every week, and for these volumes we would

,:opt a different ordering method.

(5) EOQ Ordering must be Tempered with Jud.gment.. Certain
rporate operating goals must be followed in managing an inventory.

- metimes, the guidelines provide a conflict in ordering. Where an order
- :'ategy conflicts with an operating goal, order strategy restrictions should be
:.,,'eloped to permit honoring the goal. EOQ restrictions might include the

.lowing:
(i) Items purchased to order, and items subject to rapid product

improvement will be restricted from EOQ use.Li
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(ii) Shelf life items (those goods having only a specific life time) should be
restricted to a quantity, not greater than one fourth of their age
limitation.

(iii) Items with unusual sales will be identifred, with annual sales reduced by
appropriate quantities, prior to calculating EOQ.

(iv) Critical supply items (those having most effect on customer's service),
will be ordered in greater than normal quantities. The time of supply of
quantities selected will over-ride EOQ.

INVENTORY CONTROL TECHNIQUES
ventory control techniques are employed by the inventory control

organization within the framework of one of the basic inventory systems, viz.,
fixed order quantity system or fixed order period system. Inventory control
techniques represent the operational aspect of inventory control management
and help realize the objectives of inventory management and control.

Several techaiques of inventory control are in use and it depends on the
convenience of the {irm to adopt any of the techniques. The techniques most

(3) VED (Vital, Essential, Desirable) analysis
(4) HML (High, Medium, Low) analysis
(5) FSN (Fast moving, Slow moving, Non-moving) analysis
(6) SOS (Seasonal, Off-Seasonal) analysis
(7) YYZ analysis

*4..

ABC ANALYSIS

ems of stores. However.
c value. The
movement of certain manufacturing firms may consist of a small number of
items representing a major portion of inventory value and a large number of
items may represent a minor portion of inventory value. In such cases, a selective
approach for inventory control should be followed.

comm used are :

t "'"(1 (Always Better Control) analysis(1 (Always Better Control) analysis
(2 (Scarce, Difficult, Easy to obtain) analysis

Ba
TOVo of valte

which co There may be some
variation in different organizations a can be made in these
percentagesaLi
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The information is shown in fig. (6) :

Class Number of
Items,(%)

Value of
Items (%)

A

B

10

20

70

70

20

10

Value of
items (%)

10 20 30 40 50 60 70 80 90 100

Number of items (%)

Fig. (6) A-B-C Analysis

A-B-C sincegreatest
monetary tion should6e
paid in estimating requirements, purchasing, maintaining safety stocks apd
properly storing of 'A' category materials.'These items are Bept under a constdnt
leview so that a substantial material .o.t pqry be controllea. fne control of 'Q'
items may be relaxed and these stocks may be purchased for the year. A little
more attention should be given towards 'B' category items and their purchase
should be undertaken at quarterly or half-yearly intervals.

Steps followed in ABC analysis
No definite proceduqe qan_be laid down for classifying the inventories into A,

B and C categories. This will depend,upon a number of factors such as nature and

prolugtlonj eJg.Jh
However, following

(i) First, the quantity of each material elpecte{to be used in- a given period
should.be estimated.

(ii) Secondly, the money value of the items of materials, so chosen, should be
calculated by multiplying the quantity of each item with the price.

(iii) Thirdly, the items should be rearranged in the descending order of their
value irrespective of their quantities.

(iv) Fourthly, a running total of all the values and items should be taken. Ttre
figure so obtained should be converted into percentage ofthe gross total.

(v) It is possible that we will frnd that a small number of few items may
amount to a large percentage of the total value of the items. The
management, then, will have to take a decision as to percentage of the
total value or the total number of items which have to be covered by A, B
and C categories.

'100

90

70

60

50

40

30

20

10
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The following points should be kept in mind for ABC analysis :

. (1) Where items can be substituted for each other, they should be preferably
treated as one item.

(2) More emphasis should be given to the value of consumption and not to
price per unit of the item.

(3) A11 the items consumed by an orgamzation should be considered
together for classifying as A, B or c instead of taking them as spares, raw
materials, semi-finished and frnished items and then classifying them as A, B
and C.

(4) There can be more than three classes and the period of consumption
need not necessarily be one year.

pplications of ABC Analysis
ABC analysis can be effectively used in Inventory control and Material

Management. The various stages where it can be applied a_re :

(1) Information of iiems which require higher degree of control.
(2) To evolve useful re-ordering strategy.
(3) Stock records..
(4) Priority treatment to different items.
(5) Deteimination of safety stock items.
(6) Stores layout.
(7) Value analysis.

Benefits of ABC Analysis
The success of a company depends upon how well it improves its efficiency in

terms of materials efficiency. ABC analysis enables the management to improve
its materials effrciency by applying the following eight methods :

(l) Leuel of control.' 'A' items account for about z0 per cent of the
annual usage value and merit maximum attention. A manager should be
entrusted with taking good care of 'A' items. Good record-keeping and the
application of scientific methods of inventory control such as Eoe formula
application, staggered deiiveries are needed for category ,A, items.

'c' items do not demand any control, except avoidance of their pilferage.
They can be suitably placed in stock rooms.

(2) Gradual Deliaery of Material: Staggering of delivery lowers the
inventory level and blocked capital.

(3) careful Accounting : Detailed records of goods ordered, received.
issued and goods on hand should be maintained for 'A' category of items. Tight
control and accurate records are also required for scrap, loss and rejection of
such items. No such detailed records are necessary for c category items.

(4) safety stoch; safety stock is kept by inventory controrlers to take
care of variation in demand, particularly during larger Iead time. This is a mustLi
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for 'A' as well as 'B' and 'C' category items used in producing an assembled
product. The purpose of keeping safety stock is to increase inventory level of
items of A, B and C caterory if they have larger lead-time.

(5) Quantity Discount Factor.' Clever suppliers may offer quantity
discount on the purchase of category A items. The inventory controller should
verify through calculation if there is really some real gain or that the discount is
just an eyewash.

(6) Layout of Stores .' Ready accessibility of fast-moving items is a virtue
of a good layout. 'A' category items are high cost items with a fast consumption
and categorized under F (Fast) as well as H (High cost) category. A good layout
enables tracking and avoids misplacement of such items. Most of the 'C' items
can be put in the less accessible areas, except those few which might have fallen
in 'C' category, because of their low unit price and not because of their low
consumption.

(7) Stoch-tahing.' Management by exception should be applied to stock
taking also. 'A' items may be checked more often than 'C' items. One of the
decisions could be to check 'A' items every month, 'B' items every two months
and 'C' items every four months.

(8) Value Analysis Projects.' It is futile to carry out value analysis for
'B' and 'C' category items. Value analysis is a cost reduction project. To secure
maximum benefits, it is essential to select those items for value analysis which
offer the highest scope for cost reduction.

Limitations of ABC Analysis
(1) In big industries, the items

calculation is a bit difficult.
are in thousands. Hence the listing and

(2) The analysis takes care of annual consumption values and hence
importance of items is not taken care of.

(3) Price factor, fluctuations, seasonal variations in prices and consumption
pattern is not taken care of.

(4) There could be excess stock of C-category items leading to deterioration,
obsolescence.

(5) Some B-category items could be vital. Hence they need more attention.

5.15- SDE ANALYSIS

SDE analysis takes into account various purchasing problems. The various
rurchasing problems lead ti4re, uireli@e
.upply sources, etc. T ailability of items. In
:his analysis,

S standq_for Sc hich are in short supply,Li
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E represents Easily auailable items from the local markets.
This analysis helps in inventory control by the formulation of purchase

policies. For scarce materials, forward purchasing policies; for diffrcult
materials, schedule purchasing policies and; for easy materials, contract
purchasing policies are commonly adopted.

5. VED ANALYSIS

ssification of material
s h process would come to
s s whosq Stock ouf wou
adversely affect the efficiency of the production systerq. Although the system
would not altogether stop for want of these items, yet their non-availability
might cause temporary losses in, or dislocation, of production. The D items are

The \rED analysis is done mainly in respect of spare parts.

Steps in VED Analysis
(1) Analyze and identify the factors to be reckoned for VED analysis. The

commonly considered factors are effect on productiorr, i.e., penalty cost due to
non-availability, delivery lead time, nature of the item (customize or standard)
and sources of supply, i.e., whether easy to get or hard to gqt.

(2) Assign points or weight to the factors according to their importance to
the company. Typical examples of the weight to fhe above four factors may be 80,
30, 20 and 20 points. These vAlues are mord or less standardized.

(3) Divide each factor into three categories and allocate points to each
category. Usually, the first category is asigned points equal to the weight of its
factor, the second degree is allocated points equal to twice the weight ofthe factor
and the third degree is assigned points equal to thrice the'*'eight of the factor.

(4) Prepare categoization plan which provides the basis of classification of
items into vital, essential and desirable categories.

(5) Evaluate items one by one against each factor and assign points to the
item, depending upon the extent of presence of the factor in the item.

(6) Place the items into ! E and D categories, depending upon the points
secored by them and the basis of classification set under step (4).

5.L -VED MATOr4j
-VED matrix is a hybrid model where in every category (A, B and C

of items is further classified into three sub-categories (V E and D). In this way an
in-depth consideration and due recognization can be given to various items for
their inventory control.

Table-I shows an ABC-VED matrix sample.Li
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Table-I

Constant control;
Regular follow-up, Low
stocks and oldering
more frequent
Moderate stocks; No
risk of stock outs

High stocks. Restrieted
orders. No risk.

Average stock; No
risk of stock outs

Average stock;
Some risk can be
taken

Average stock;
Some risk can be
taken

":L 
i

No stock.

Very low stock;
Some risk can be
taken.

Low Stock; Some
risk can be taken.

High

, Criticality

i of item

Procure when needed

Continuous \Review Periodic
'.-+< *

Fig. (7) Principtesbt aec-veD Matrix.l

5.15-5 HML ANALYSIS

The items are classified accordingly, as their cost per unit is,

H-High,
M-Medium, or
L-Low

CO

Cetermine that aII items of the unit value above Rs. 2000 will be H itern
'cetween Rs. 500 and Rs. 2000 will be M items urrd tho." below Rs. 500 will be

Fig. (7) shows the principles of ABC-VED matrix

H

St

,if4
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items. On this basis the management may delegate authorities to various
subordinate officers to buy petty cash items. The management may also decide
that items of unit value above Rs. 20,000 will only be sanctioned by the General
Manager.

Benefits of HML Analysis

HML analysis helps to :

(1) Esti e.9., high-priced items such
as bearings, gears, cranks, etc., require to be kept in almirahs.

(2) Keep control over consumption at the departmental head level, e.g.,

order and issue of high-and medium-priced items are authorized only by
the departmental head after a cautious study of the consumption figures.

(3) Estimate the schedule of stock , e.9., high-priced items are

c w-priced items.
(4) Evolve buying strategies'to control purchases, e.9., excess supply than

the order quantity may not be accepted for "H" and "M" groups while it
may be accepted for "L" group.

(5) Delegate authorities to different cadres ofbuyers as per their seniority
status, e.g., "H"'ar.d "M" items may be purchasdd by senior buyers and
"L" items'by juriior buyers.

\rED and HML analysis can also be combined as shown in table II.

t
ir

ir

n

C

High price desirable ma1'

be economically ordered.

Medium price desirable
ordered once or twice in a

year.

-:
:

:r

)

Low price desirable items
ordered once in a

5.15-6 FSN ANALYSIS
Based on the consumption pattern of the items, the FSN classification oi

items is

F-Fast-moving,

S-Slow-moving, and

N-Non-moving
Some a-nalysts classify the items an FSN.D; Fast moving, Normal-moving.

movement of materials in stores or on the basis of consumption pattern c'i

components, it is known as the FSN analysis. The classification comes in ver-.

Table-II

High price essential items
may be ordered
frequently.

Medium price essential
items always available in
the store.

Low price essential items
stored in larse number.

High price vital items
must be available in the
store.

Medium price vital items
whose availability in the
store is must.

Low price vital items
availability assured.
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handy when it is necessary to control obsolescence. The demand for fast moving
items is generally high. Thus, speciar care should be taken in respect of these
items; otherwise, the production may be interrupted due to the shortage of such
materials. Inventories which have only a row turnover are brought under the
category of slow-moving items. These items are not issued at frequent intervals.

The items with almost nil consumption are brought under the category of
non-moving items. All obsolete inventories constitute this category. These may
be several reasons for bringing an item into the Non-moving category, e.g., ther:e
might have been a change in technology or change in the specification of a
particular spare part or the item might no longer be in use.

Stores department which is concerned with the moving of items would like to
know and classify the items in the categories F-s-N so that they can manage,
operate arrd plan stores activity accordingly. For example, for efficient operations
it would be necessary that fast moving items should bL stored as near as possible
to the point of issue so that it can be issued with minimum of handling. Aiso such
items must be stored at the floor level avoiding storing them at trlgh helgnts.
Similarly; if the items are slow moving or issued once in a white in a given period
of time, they can be stored in the interior of the stores and even ut th" nigrru.
heights because handling of these items becomes very rare.

5.15-7 SOS ANALYSIS
SOS analysis is based on the nature of supplies, where in,

S represents the Seoson al items and,

OS represents the Off-Seasonal items.
T sification of items is done with the aim of determinin

As such it es the items intn two grorrfs-S (seaso
Off-Se ). The analysis identifres items into I

!0 Seasonal, but available only for a limii6-d period,
available throughout the year, and
items whose quantity is determined on different

The seasonar it"rri. which are available only for a limited period should be
:roduced and stocked for meeting the needs of the full year. The agriculture
:roduce like raw mangoes, raw materials for cigarette andpaper induJtries, etc.
'-re examples of such items. The prices of the seasonal items which are available
rroughout the year are generally less during the harvest season. The quantity-:quired of such items_should, therefore, be determined after comparingihe cosl

-a'ings on account of lower prices, if purchased during season, with the higher
rst of carrying inventories to that if purchased ttrroughout the y"u.. 

.-Th"

- -rantity required of off-seasonal items are required to be decided on different
. ,nsiderations.

J.15- Z ANALYSIS
XYZ analysis is based oLi
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Items,

Whose inventory values are high, are classed as X items.

Those with low investment in them are termed as Z items.

Other items are t]ne Y i/ems whose inven

It can be easily visualized that the various fipes of analysis discussed are not
mutually exclusive.. They can be and often are, used jointly to ensure better
control over mgterialg. For example, ABC and XYZ analysis may be combined to
classify and control depending on whether the items are AX, BY, CZ,AY... and so

on.

5.15-8 SUMMARY OF INVENTORY CONTROL TECHNTQUES

To control raw
components

material,
and

work-in-progress inventories in
the normal course of businest.

Lead-time analysis and
purchasing strategies

To determine the stocking levels
of spare parts.,

Mainly to control purchases.

To control obsolescence.

Procurement,/holding .strategies
for seasonal items like
agricultural products.

To review the inventories and
their uses at scheduled intervals.

5.L6 MATERIAL REQUTREMENT P[.{.NNrNG (MRP)
MRP is an inventory control system that determines how much of eact

material should be purchased or produced in each time period to support tbr
master production schedule @PS). The purpose of MRP is to ensure th-@

materials and components are available in the right quantities and at the r
time so that frnished products can be completed according to the mas
production schedule. It is often considered to be a subset of inventory con
because it minimizes unnecessary inventory costs. MRP is also useful
production scheduling and purchasing of materials.

ABC (Always Better
Control)

SDE (Scarce,

Difficult, Easy to
obtain)

(Vital,
tial, Desirable)

HI L (High,
Medium, Low)

,4$N (Fast moving,'Slow moving,
Non-moving)

SOS (Seasonal,

Off-Seasonal)

VaIue
conception

Problems faced in
procurement.

Criticality of the
component ,

Unit price of the
material

Consumption
pattern of the
componepts'

Nature of supplies'

Value of the items
in storage
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Manufacturers are now using MRP more frequently because they want to
reduce inventory levels, increase production capacity, and enhance profit.
Material requirement planning begins with the principle that many materials
held in an inventory have dependent demands. Dependent demand is the result
of the requirements generated for their use in the production of other items, as
in the case of raw materials, parts, etc., used in the manufacturing of a finished
product, e.9., two wheels are required for the manufacturing of one bike. Thus,
demand for wheels are dependent to the demand of bike.

In manufacturing organizations, there is requirement of a variety of
dependent demand items to facilitate manufacturing of the finished product. So,
proper inventory management of those dependent demand items is critical for
the smooth flow of total production system. MRP is, by necessity, a
computer-based system which is designed to :

(i) release production and purchase orders to regulate the flow of raw
materials,'in-process inventories necessary to meet the production
schedules for frnished goods;

(ii) ensure availability of materials, components and products for planned
production and customer delivery; and

(iii) maintain minimum levels of dependent demand items.
MRP enables an organization to develop and implement realistic plans
for meeting delivery schedules of dependent items by proper timing of
order placement.

Obf ectives

The major objectives of MRP are :

(l) rmproae customer seraice; MRP ensures not only timely derivery
rf goods to customers as per delivery committment, but it also brings the
:'eplenishment-cycle time down by the proper implementation of information
.r'stem.

(2) Reduce Inaentory Cosfs I MRP brings better control of quality,
iuantity and timing of deliveries of raw materials, components, sub-assemblies,
-rssemblies to production operation with flexibility resulting into considerable
. eduction in inventory cost.

(3) Enhancing Operating Efficiency: MRP improves efficiency by
:reans of:

w reduced number of stock-outs and delivery delays, resulting into more
production without increase in the number of employees and machines;

e reduction of sub-standard products due to use of quality-ensured inputs;
w efficient movement of goods leads to decreased idle time and confusion.
The chief benefrt of MRP system is that production operation works on those

:rrts that are really needed on their due dates so that production capacity is
-eing used to directly support the master production schedule.

:Iements of MRP

The operation of MRP system consists of various elements, which are shown
Fig. (8) in terms of inputs MRP computer programme, and outputs. MasterLi
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production schedule MPS) is the driver of the entire MRP system. Apart fror
ih" MpS, other input informations are provided by the inventory status frle, bilL

of material fiIe. these input informations are fed into the MRP compute:

programme, which after processing and manipulation, generates the outputs ir
ih""for* planned order release coupled with exception, performance anc

planning reports for the use of management'

S hub h am' s I ndu s tri al M an ag em"ent

(What we
have)

L
It

uoa

""1

MRP Computer
programe

Fig. (8) The MRP SYstem

Master Production Schedule (MPS) r-
A master production schedule uPs) is devised to either replenish finishe's

good inventori". o, to frll customer orders. It is a schedule of the number an

ii-irrg of all end items to be produced in a manufacturing plant over a specifu

plannlng horizon. MRP explodes the master schedule in the materi4

I

I

Primary

outputs
I

(What we plan)

Outputs

(What we
require)

(What we need)

Master Production
Schedule (MPS)

Fig. (9) MPS systemLi
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:equirements. If these requirements cannot be met by the materials available
:rom inventory or from materials in order, or if insufficient time is available for
rew orders, then the MRS will need to be modifred to a new MPS. The flow chart
rf MPS system is shown in the Fig. (9).

Bills of Material File
Another major input element of MRP system is the Bills of Material frle. A

cills of material frle is a computerized file containing a complete list of materials
along with their quantity and specification required in the production of one unit
rf a frnished product. Therefore, each material such as assemblies,
.ub-assemblies, parts and raw materials has a bill of material, which is regularly
-rpdated ifthere is any redesign ofthe product.

For the smooth application of MRP system, an accurate bills of material files
-s a prerequisite, stating the product structure records coupled with specification
and quantity requirement of each material.

Inventory Status File
An inventory status file is a computerized frle containing a complete record

rf each material held in inventory. A material record includes the low-level
-'oding, on-hand balance, open orders, Iot sizes, lead times, safety stock, and
:ustomer order for the item. These records are kept up to date by inventory
:ransactions such as receipts, disbursements, scrapped materials, planned
-.rders, and order releases.

\tRP Computer Program

The MRP computer program operates in the following manner :

(1) First, with the MRS, it begins to determine the number of end items
needed in each time period. Time periods are sometimes called buckets in
MRP terminology.

(2) Next, the number of service parts not included in the MPS but deduced
from customer orders are included as end items.

(3) Next, the MPS and service parts are exploded into gross requirements
for all materials by the time period into the future by consulting the bills
of material frle.

(4) Next, the gross materials requirements are modifred by the amount of
materials on hand and on order for each period by consulting the
inventory status frle. The net requirements of each material for each;
bucket are computed as follows :

Net Gross [Inventory
requirements 

= requirements Ion hand

Safety inventoryallocatedl
stock to other uses l

If the net requirements are gleater tli.an zero, orders for the material
must be placed.

(5) Finally, the orders are offset to earlier time periods in order to allow for
lead times at each step in the production process and supplier lead
times.Li
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This procedure results in inventory transactions data (orders released.
changes in orders, and so on), which are used to update the inventory status file.
the primary output reports, and secondary output reports.

MRP Output Reports

The outputs of MRP systems dynamically provide the schedule of materials
for the future-amount of each material required in each time period to suppor:
the MPS.

(a) Primary Outputs.' Two primary outputs result in :

(l) Planrued Order Schedule; This is a plan of the quantity of each

material to be ordered in each time period. This schedule is used by purchasing
department to place orders with suppliers and by production department to
order parts, sub-assemblies, or assemblies from upstream production
departments. The planned orders become a guide for future production at the
suppliers and for in-house production schedules.

(2) Changes in Planned Orders: This is a modification of previou=
planned orders. Quantities oforders can be changed, orders can be cancelled, or
the orders can be dealyed or advanced to different time periods through the
updating process.

(b) Secondary Outputs: The secondary MRP outputs provide thi-.
information :

(l) Exception Reports; They report the flag items requiring managemen;
attention in order to provide the right quantity of materials in each time perioc
Typical exceptions noted are reporting errors, Iate orders, and excessive scrap.

(2) Performance Reports : These reports indicate how well the system '.
operating. Example of performance measures utilized are inventory turns
percentage of delivery promises kept, and stock-out incidences.

(3) Planning Reports.' These reports are to be used in futur:
inventory-planning activities. Examples of such planning information art
inventory forecasts, purchase commitment reports, trace to demand sourct!
(pegging), and long-range material requirements planning.

Benefits of MRP

MRP system takes the master schedule for the production of end item ar:
calculates the requirements of dependent items for the production of those ers
items. As already explained, for the execution of the overall material plar-=

certain materials are procured from the suppliers and other are produced r
house. MRP combines product explosion, Iot sizing, timing of purchase and othe:
operations into one coordinated procedure so as to calculate mater:a
requirements on real-time basis. Thus, MRP is a valuable tool for :

ffi inventory control;
m scheduling for setting of priorities; and

m determining MPS capacity flexibility.Li
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5.17 INVENTORY CONTROL IN INDIA

5.45

All the well-known inventory control techniques have a basic assumption;
'free availability of materials" as and when required in any quantity. However,
his is not true for Indian conditions. We operate in a seller's market for most of

.he materials. There is a perpetual scarcity of key raw materials and the prices
:luctuate widely. However, the techniques should not be discarded hut used
-rdiciously as a broad guideline, keeping in mind their limitations.

The Indian industry tends to stress a lot on production and machine
;tilisation-this focus of attention in the context of scarcity of materials leads to
-oarding of stocks. The inflation that prevails in the country, prompts hoarding.

In view of the shortage of foreign exchange, strict import procedures are
.nforced. The time taken for import clearance is high and the inventory of
nported materials is therefore usually very high.

In its initial stage of industrial.development, the country relied solely on
'rleign collaboration. Machinery and spare parts were readily imported. The
:ck of technological knowledge made the country rely on the collaborators for
ee estimation of the requirements of spare parts. This stock of spares is
.cnormally high. It is extremely evident that these spares are useless and shouid
e written off. However. for financial reasons thev continue to exist on inventorv

-:cords.

Inventory control systems are built on the foundation laid by materials
.,anagement techniques such as ABC-VED analysis, standardisation and
rdification. Setting up an inventory control system without the pre-use of these

'=chniques is a must. The importance of ABC-VED analysis is brought out in the
ght of the inability to measure precise costs on the basis of which inventory

=,"els could be set. Standardisation and Codification help in variety reduction
.rd make inventory control purposeful.

Inventories, built to act as a cushion between supply and demand, serve the
- trlowingneeds; it is sufficient to take care of the requirements of demand till the
.:xt supply arrives, it is sufficient to take care of probable delays in supply as
,:11 as probable variations in demand.

The problems that need to be tackled are; the determination of the level of
.i'entory for placing a replenishment order, the quantity to be ordered, the

.:rount of delay in supplies and the amount of variations in demand which the
.r-entory should be able to withstand. The problems can be resolved by the cost
:rplications.

EVIEW Uestions

Define and explain the meaning of inventory and inventory control.
Giving examples, explain the concept of inventory as applicable to service
organisations.

What is the importance of inventory control?
How are inventories classified? Describe in brief.

1.
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4. Explain the following types of inventories describing their respective

advantages.
(a) Theoretical inventory (b) Cycle inventory.
(b) Seasonal inventory (d) Safety inventory
(c) Speculative inventory

5. How does uncertainty in demand and lead time affect inventory levels?

6. What are the various factors responsible for maintaining optimum level of
inventory?

7. What are the various advantages and disadvantages of holding inventory?

8. What factors are essentials for a good inventory control system?

9. What are the prominent costs associated with inventory?

10. What are the various elements of inventory cost?

11. Justify the statement that "Best buying results when qrul.ucll procurement

cost equals qnnual iruuentory carrying cost".

12. Describe the complete process of inventory control.

13. Name the various inventory control systems. Explain any two of therc^

with their advantages and disadvantages.

14. What are the main systems of inventory control recommended for a very

large manufacturing organisation?

15. What do you understand by deterministic inventory control models? Wha:

are the various assumptions in deterministic models of inventory control?

16. What is Economic order Quantity (EOQ)? Derive the formula fo:

determining EOQ.

17. What are the various models for determination of EOQ?

18. What are the various limitations of EOQ models?

19. What is ABC analysis? Is it applicable in all cases?

20. Explain ABC, HML and VED analysis for inventory control.

21. What is Material Requirement Planning (MRP)? What is its purpose?

22. Define the concept and objectives of MRP'

23. Discuss the MRP system in the context of a large heavy commerr..nn

vehicle manufacturing comPanY.

24. Describe the various inputs and outputs of MRP system.

25. What are the various peculiarities associated with inventory controi
India?

26. Write short notes on :

(a) Functional purposes of inventory
(b) Reorder point (c) EOQ model for lots
(d) ABC-VED matrix (e) SOS analysis
(f) YYZ analysisLi
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SUPPLY CHAIN MANAGEMENT (SCM)

After reading this chapter, you wiil understand :

Meaning and definition of supply ffi
chain and supply chain management ffi
Process views of a supply chain

Components of SCM

Process of SCM

Functions of SCM

Performance measures for SCM
lssues involved in SCM

Value chain

ffi Elements of SCM

Prerequisites for SCM

Asupply choirz consists o

Juslin-Time (JIT) philosophy

Kanban System \

ing a customer request
directly ol

the supply not only the
:--anulacturers dlso tra r
:_,'gn e supply chain
: : n ctions involved-in-

! '--, a

$ supply chain is aa network of sue. suppty charn rs a network of sgpp-Ii"ea qan"llfa.-9-tl+-4ng, aEsembly,
--stribution +nd(logistics facilities that perfiim irr" rrrr"tio,riiio.o",r."menr hfperform the functions ofprocurernent bf:'ateria-lE-translormatibn of thes'e materials into interrhediate and flnished
::oducts, and the distribution of these products to c rstomeq$u orgurizations:r'e supply chains of varyrng degrees, depending up-or; the size of the

(6.1)

Li
br

ary
 S

tud
y M

ate
ria

l

Industrial Management: Notes

Page No  167 of 300.



eff.' ;;;r. Shu1fiam's Industrial Man'agement

information flow both up and d chqi_n, A typical supply chain may

involve a variety of stages mers, retailers, wholesalers or

distributors, manufacturers, raw material suppliers, transporters, etc. The

supply chain is gainingprominence as manufacturer's control less of the speed at

which products are manufactured and distributed. The main reasons for
decreasing manufacturing control are the parity across the board in product

quality and price wars arising with the emergence of global cornpetition.

ofasu chain should be to lm IIILZE chain
n profita revenue

all
?' 'eclslons on the success or tarlure

cause they signifrcantly influence both the revenue generated and

the cost incurred. Successful supply chains manage flows of product.
information, and funds to provide a high level of product availability to the

customer while keeping costs low. The performance of supply chain can directl''
create an impact on the productivity and profitability of the company'

during which they apply, supply chair-

\)
ation. These decision-'

Strategic decisions made by companies includes,

(i) The location and capacities of production and warehousing facilities,

(ii) The products to be manufactured or stored at various locations.

(iii) The modes of transportation to be made available along differer:
shipping legs, and

(iv) The type of information system to be utilized.

t2l Plonning deci-sions cover a oeriod of a few months to ayear and"incluci+

decisions such as production plans, subcontracting,-and promotions over th";
period.

Planning Decisions includes,

(i) Decisions regarding which markets
locations,

will be supplied from whi&

(ii) The subcontracting of manufacturing,
(iii) The inventory policies to be followed, and

(iv) The timing and size of marketing promotions.

(3) Operatlo;ylald,ecisians span fromfnifmteO to-daysSnd include sequenci:gl

production and frlling specifrc orders.

Operation decisions include,
(i) Firms allocate inventory or production to individual orders,

Supply Chain
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,

(ii) Set a date that an order is to be filled,
(iii) Generate pick lists at a warehouse,
(iv) Allocate an order to a particular shipping mode and shipment,
(v) Set delivery schedules of trucks, and
(vi) Place replenishment orders.
Because operational decisions are being made in the short term (minutes,

hours, or days), there is less uncertainty about demand information. Given the
constraints established by the configuration and planning policies, the goal
during the operation phase is to exploit the reduction of uncertainty and
optimize performance.

Note that Strategic decisions defrne the constraints for planning decisions
and planning decisions define the constraints for operational decisions.

SS VIEWS OF A SUPPLY CTIAIN
that take lace within

nd between di ageqDThese procrlsses and floivs ne to fill a
cus here are two diffeierit wavs Co .fiew-fhe processes
performed in a supply chain :

(1) Cycle-viqry of supply chain processes.

(2) Push/pull view of supply chain processes..

[I] Cycle View

the f
rvit n
received from the supplier stage. The processes in a supply chain are divided into
a series of cycles, each performed at the interface between two successive stages
of a supply chain.

All supply chain processes can be broken down into the following four
process cycles, as shown in frg. (1) :

Customer

Customer Order Cycle

Distributor

Manufacturing Cycle

Manufacturer

Procurement Cycle

Supplier
-//

Fig. (1) Supply Chain Process CyclesLi
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ffi Customer order cycle

m Replenishment cycle

w Manufacturing cycle

ffi Procurement cycle

A cycle view of the supply chain clearly defines the processes involved and
the owners of each process This sidering
operational decisions because it speb of each
member of the supplj' chain and the

[II] Push/pull view
A push/pull view of a supply chain characterizes processes based on their

tim.ing relative to that of a customer order.

'I'herefbre processes are 4lso re!
respond to or forecasted) rathdir -Itr;;-;;T;

proc n an uncertain environmerj
yet known.
\' : Pull processes are performed in to a customer ordedAt the time of

n n
Pull
own.

Push
is not

were made in the push'phase.

\The push/pull boundary in a supply chain separat s push processes from pull
processes as shown in frg. (2).

Push processes Pull processes

Customer order . \. 'tarflves t -X\
rig. (2[ Push/Pull view of ihe suppty chain

A push/pull view of the supply chain is very useful -when considerinE:
strategic decisions relating to supply chain design. The is to identifv and

Process) Process) Process
1,/2,/'3

the n can match supplsLi
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ancl
stage
OCESSOCESS

'ective management'must take into

manufacturer
chain.man ol
(such as a microchip) t also an fhat goes

Quick response

Supplier

flhformation\ flow
,lnformation

. '' flowl-

= 
Distri[utor

UPPLY CHAIN MANAGEMENT
ply Chain M314 t is thd.control o

SCM is an intesrated ma

* *4** *-*; *&

in the areas

is known as supply chain mq4ggg4ry
account coordinating all the ain-erafit fiieces of this chain as quickly as possible

without losing any of the quality or customer satisfaction, while still keeping
costs down.

- Supply chain
traEitional busin

f the
traEiTional busin Ftactics across these busrness lunctions
within E hi
purpose is of improving the long-term performance of the individual companies

Fig. (3) shows the concept of supply chain management.

-t 
---- Fig. (3) Concept of Supply Chain Management

S agement has emerged as the new key^to productivi and

.omp nufacturing and service entert'rises.(here are esse ially
:hree

Nature and Concept

is is done so as to synergize variousprocesses in th6

m wtiich respondd to customer expectations. This isLi
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possible by making available the right quantity of right quality products at the
right time and place in the right physical form at a right cost. In short, SCM
facilitates to offer best customer service in a cost-efficient manner. It stresses not
only an efficient internal distribution system but also the existing parallel
distribution capabilities.

Philosophy of SCM
As a philosophy, SCM takes a systems approach to viewing the channel as a

single entity, rather than as a set of fragmented parts, each performing its own
function. In other words, the philosophy of supply chain management extends
the concept of partnerships into a multi-firm effort to manage the total flow of
goods from the supplier to the ultimate customer. Thus, SCM is a set of beliefs
that each firm in the supply chain directly and indirectly affects the performance
of all the other supply chain members, as well as ultimate, overall channel
performance.

SCM as a management philosophy has the following characteristics :

converge intra-firm and inter-firm operational and strategic capabilities
into a unified whole.

sources of

bjective of SCM is
to by a supply chain
is customer and the
costs the supply chain incurs in frlling the customer's requ - In supply chains.

-o:,t, the value is directly related to profrtabilitv of the organisation.

from SCM is that ofcooperation
and because no one is neglected and
no one's interests are undercut.

(# T o provid.e competitivj*gs s and {mproved effi ci enc$
(5)"'To reduce the time required for converting h.

dff To improve the quality of operations of the organisation.
g4T" reduce transportatf,,g*.;;U warehqu sing gostQ

o rationalize supplier base. j
o minimize work-in-progress and improve pipeline visib_ility.

(10) To improve life-cycliiffiport by increasing rigid quality standards-
product expiration dating and fixing responsibility for hazardous consequences.

and (ndi.vidualized
isfaction. ) *' -
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can be explained on the basis of the
pyramid structure for the SCM paradigm as shown in frg. (4). Accordingly, the
issues can be analyzed on four levels :

(l) Strategic t On the strategic level it is important to know how SCM

'm What are the basiq and distinctive. service-needs of the customers?

m Mlhat can SCM do to. meet these needsJ

m Can the SCIM- gapabilitie-s be used to provide. upique services to the
customers? etc.

(2) Structural : After the trate$c issueq are dealt witE the next level
question(s) that shbuld be asked rq :

ffi Should the organization market directly or shoul{it use distributors or
other intermediataries to reach the customeirs?

m What should the SCX{ network look like?
m What products should be sourced from'which manufacturing locations?

. s How many warehouses should the company have and where they should
be located?

w What is the mis on of each facilit5l (full stocking, fast moving items only,
cross-docking)? tc.

(3) Functional : This is the level where operational details are decidqd
:pon.-Functiohal _excellence requires_that the bptimal operating,practices foq
:r'ansportation management, warehouse operation-s^and materials managemqnt
',vhich includes fcrecasting, inventory management, production scheduling and

Customer
servtce

Materials .
Managgrnend

1

Jacilities and
tqurpments.\

lnformation 
,

Systems

Organization and
Change \

l. management ,)

IMPLEMENTATION

M Framework Pyramid j
,!
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purchasing) are designed. These strategies should keep in view the trade-offs
that may need to be made for the overall effrciency of the system. Achieving
functional excellence also entails development ofa process-oriented perspective
on replenishment and order fulfillment so that all activities involved in these
functions can be well integrated.

(4) Implementation... Without successful implementation, the
development of scM strategies and plans is meaningless. of particular
importance are the organizational and information systems issues.
Organizational issues centres on the overall structure, individual roles and
responsibilities, and measurement systems needed to build an integrated
operation. Information systems are 'enablers' for supply chain management
operations. Therefore, they must be carefully designed to support the SCM
strategy. Supply chain managers must consider their information needs relative
to decision support tools, application software's data capture and the system's
overall structure.

Note that the dedsions ulade within the SCM strateg5z pyz'amid are
interdependent. That is, it must be understood what capabilities arrd limitations
affect the functional and implementation decisions and consider these factors
while developing a supply chain management stratery and structure.

VALUE CHAIN

a competitive

goods, cash, valuq and related information within the complete supply chain
process as shown in frg. (5).

Flow of goods .-, -=

Stock and sell , Usage and
I consumptior

lnbound logistics Order processing
Production planing'.

Outbound logistics

) -r

Flow of cost

I Scheduling
Displacing 

"

++ +
Value ,) Quality )Cosls )Ouickresponser )Avaitabitity )Consistency. ) ftow

Fis. (siivalue chain of Scla I
bserve from the figure that :

Value chain of SCM starts with suppliers (or vendors) and ends witi
consumers via the transporters, pr-oduc66?manufacturers), distributio:-Li
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warehouses, transportation from there to customers and frnally to the
ends user (consumer).

e Thg flpd of goods an-d--value"pre in for greater market
,\-{i+\".}-

i i-prou"*ent)of the total supply chain system. ' k; - -

\
Value flow and Goods floL-

(incluifing what is being converted and what is in between operations),
B99ds (inctudes material being stored or transported),

of value and goods is always in the forward directio,n. Occasionally, there could he
small reverse flows of material due to returns, n'etwork or recycling.'

Service flows follow a similar sequence, iut being intangibll cannot be
stored. This brings the transactio betvfee4 actors more into focus. For,
convenience, we refdr to the vendor sidqas the upstrea end and the customer
side as the downstream end of a iuppty-ctrain. i

Cash flow-; *.'- ?.

This is t p
:n a directi rv
:he money re
:he cash. flow, such' as credit periods/advances for payments from
:ustomers/dealers, and to vendors. Any credit/advance is with respect to the
:ransfer of title and/or service delivery in the supply chain. The cash flow
letermines how a given value flow is frnanced by the various actors in the supply
:hain.

lnformation flow--

Goods flow is

chain in that it is the enabler and
lriver of the dor to
he customer and from the customer to the vendo{,rThe major components of the

:,ackward floiv (against 
-"yaltlq- flow) are inputs for

:orecasts, marketing pla ion plans and procurement
:uantities and timing, orders from customers and dealers, quality feedback,
,. arranties that are invoked, etc. In the forward direction (in the direction of the
:rajor value flow) there are important components like capacity estimates for
-ans, stocks available, dispatch advises, stock transfer notes, quality assurance

':ports, warranties, etc.Li
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ELEMENTS OF SUPPLY CHAIN MANAGEMENX
s systems needed ment are :

ing S1s!re-i on having the right
product at the right place and at the ri stems facilitate order
taking and information gathering form the customer and require the flow of
information along the entire supply chain, from initial order to raw material
procurement to final cansumption. This requires understanding demand-what
customers want, when they want it, and where they want it-and is fundamental
to upply chain.

m l"df,;':ffi":ffillii:"Ji,:.,',i#fl
includes some application-bdsed systems such as customer order fulfillment.
inventory control and manufacturing and logistics.

Execution systems focus on operational efficiency, which entails finding nert
ways to streamline and automate day-to-day business operations to reduce costs

Systems). Performance measurement
upply chain. This is necessary in order to

make more informed decisions and respond to changing market-tonditions.
Here, accounting and financial management systems are the real focus point.
These applications utilize electronic commerce tools such as data warehousing to
allow for effective information auditing and analysis. But this is not easy. Most
operational business systems and traditional reporting tools are designed for
transaction processing; they are not designed for easy access to information for
decision supported purposes.

6.7 PREREQUISITES FOR SUPPLY CHAIN MANAGEMENT
The SCM can be implemented only if fotlowing at:e in pluce t, at leas:

detailed plans are set out to accomplish them :

(l) Top management understanding and commitment: Chair-

management always starts at the top. The bottom layers can never force it.
(2) Quest for excellence: SCM can be successful only when tht

organisation has a longing for excellence. Supply chain succeeds if all tht
members of the supply chain have the same goal and the same focus of servin;
customers. Establishing the same goal and the same focus among supply chat:-

members is a form of policy integration.
(3) Integration of Processes.' The implementation of SCM needs tht

integration of processes from sourcing, to manufacturing and to distributio".
across the supply chain. The integration can be accomplished througi-'
cross-functional teams, in-plant supplier personnel and third-party servict
providers.Li
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(4) Philosophy to Build and Maintain Long-term Relationships:
Successful relationships aim to integrate channel policy to avoid redundancy and
overlap while seeking a level of co-operation that allows participants to be more
effective at lower cost levels. Policy integration is possitrle if there are compatible
cultures and management techniques among the chain members.

(5) Integrated Behauiour: SCM incorporates integration of
stakeholders from suppliers to customers.

(6) Mutual Information Sharing.. For effective SCM mutually sharing
information among channel members is required, especially for planning and
rn onitoring processes.

(7) Sharing of Channel Rishs and. Rewq.rd.s: Effective SCM also
lequires mutually sharing channel risks and rewards that yield a competitive
-rdvantage. Risk and reward sharing should happen over the long-term.

(8) Co-operation.' Co-operation among the channel members is required
.or effective SCM. Co-operation refers to similar or complementary co-ordinated
rctivities performed by firms in a business relationship to produce superior
:lutual outcomes or singular outcomes that are mutually expected over time.
Co-operation is not limited to the needs of the current transaction and happens
-,t several management levels (e.g., both top and operational managers),
.nvolving cross-functional co-ordination across the channel members.

*5:!
.r-L"
-\ -!

6.8 COMPONENTS OF SUPPLY CHAIN MANAGEMENT
Integrating the supply chain to improve efficiency is a key challenge. The

:ompetition today is not between individual companies but between supply
,hains. Hence, for the supply chain to be successful, it should integrate the three
ndividual business processes of procurement, manufacturing and distribution
r-r' consolidating the sub-components in each of the above functional areas as
.hown in fig. (6).

lnventory flow

lnformation flow

Customers

I] Procurement
This is one of the major cost driters in the supply chain. Procurement cost is

-.fluenced by the following factors :

(i) The way procurement decisions are made,
(ii) Procedures adopted in the procurement process,

Supplier partnership
ial planning *

-A/aterial schedule -/
."Procurement methodology

uctton scheduling
inventory system

-Volumes and varieties

I planning .,
siveness -/'

Postponemenl
ion networking

Fig. (6) Components of Supply Chain Management
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network' 
d *r

6.9 PROCESS OF SUPPLY CHAIN MANAGEMENT

(iii) Relationship with suppliers,

(iv) Firm's credibilitY,

(v) Market intelligence'
,i?ro"rr"rrr"nt cost can be cont onships witi-

*,";rt"*--ibu-."".ia"tmg the suppliel as an exten anufacturing
---fL64f '

facility. {ihe philosopqy"of to-pt't"""hip is base on the sharing of bott

resources and benefits o, u lorrg-1"rm basis. Material requirement planning is a

criticalelementintheprocurementprocess.Materialflowacrossthesupplr
chain is done in close co-ordination with the suppliers. The actual shipment l'
scheduledaSperthefirms,productionprogTammes.Theoperationisplannedrt
take care of any eventualities so as to de5vJr the material on time, and with bot:

reliability and consistency in performance'

[II] Processing

Foraleansupplychaintheemphasistodayisnotoncurtailingth:
processing/manufacturing cost through economies of scale, but by curtailing the

huge inventory carrying Jost resulting from mass production ahead of demanq

In the past the emphuli. was on building mega capacity factories to product

standard products in millions in order to reduce manufacturing costs and floo:

themarketwithlowpriced.products.Theemphasiswason.focusedfactories:.;
manufacture standar'Jproducts for global consumption. This approach resultes

in the build up or u iu.i" reservoir of frnished goods, which remain unsold ant

dea,d due to its inabilit| to respond to the changing needs of the customers'

[III] Distribution
TraditionallytheroleofdistributioninthebusinessprocessiswarehousirE

transportation. However, in the supply chain model the maior task d

distributionisthemanagementofdemand',i.e.'tomakeavailabletherig=
product, at the right plale, at the right. time and at the least cost' Dema:ti

management covers lt trr" activities involving anticipating the custoros

."lr#"_"rts of products and fulfrlls that requrrement against defrned custor

service norms. Requirement fulfrrment is done through proper distributi

i{r
.,I

{:t
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Supply Chairu Management 6CM)

service made available to the customer and the profits resulting from serving
each of the customer grou

(ustomer relationshipThanagement

Qustomer servicglrna nagement

pemand ;hanagement

)rder fulfillment)

Manufacturing flowl management) )

F rojyl.fn gg, a n a g e m e n f,

Product development'an ion

{heturns man?gmen}

Fig. (7) Process of Supply Chain

(2) customer seruice Management : customer service management is
-,lnc€rned with providing the customer with up-do-date information relating to
.:ripping dates, product availability, product application, etc. The customer
.ervice management teams act as an interface between the customers and the
-rnctional departments like production and logistics in administering product
rd service agreements.

(3) Demand Management : Demand management is the key to effective
';pply chain management. It plays a major role in balancing the customer's
-:quirements with the firm's supply capabilities. Demand management involves
:ltermining forecasting methods to gauge customer demand, synchronizing
::mand with the supply capabilities of the firm, and developing contingency
:-anagement systems to handle variations in demand.

(4) customer order Fulfillment.' The effectiveness of a supply chain is
--itermined by its ability to frll customer orders on time. A high order fulfillment
"=te with low costs requires co-ordination between various organizations across
.-e supply chain and their internal functions like manufacturing, distribution
---d transportation. The order fulfillment process includes activities like
"=':eiving orders, defining the requirements for order fulfrllment, evaluating the

=istics network, developing plans for order fulfillment, etc.
(5) Manufacturing Flow Management: Manufacturing flow' ,nagement is concerned with ensuring the smooth production of goods. It also

- .olves developing flexible production processes that can respond to the
r-:nands of the target markets. This supply chain process includes activities like
".rermining the degree of manufacturing flexibility required, manufacturingLi
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and material planning, determining manufacturing capabilities, synchronizing
production and demand, etc.

(6) Procurement ManagemerutlSupplier Relationship Management :
Supplier relationship management guides the interactions of the frrm with it-.

suppliers. This process aims at developing long-term relations with suppliers tc
ensure uninterrupted flow of supplies for the frrm's manufacturing processes

Such relationships are essential for effective supply chain management.
(7) Product Deaelopment and Commercialization.' Reducing the

time to market is one of the objectives of supply chain management. The produc
development and commercialization process involves establishing
cross-functional product development teams, designing and building prototypes-
developing product rollout plans, etc. The requires the integration of customet-=

and suppliers into the product development process to ensure speedy rollout cc'

new products.
(8) Returns Management : Many companies are forced to reca-

products to rectify defects, upgrade the products or recycle them. Thus, tbc
returns management capability of a firm also plays a major role in providing a

competitive edge to the firm. There rnay be many environmental issues

associated with the way a firm handles its returns. Hence, managing tbe
products returned is also a major part of supply chain management.

e,

Y CHAIN MANAGEMENT

goods out ot the organvatton toward the end-consumer. As organlzatrons str]'
to focus on core competencies and becoming more flexible, they have
t sources and distribution channels.

Supply chain activities can be grouped into strategic, tactical and operati
levels of activities :

(1

(ii) Strategic partnership distributors and custome
cre chan r critical information a!

third-party logistics.
(iii) Product designs co-ordination, so that new and existing products cal

optimally integrated into the supply chain load management.
(iv) Information Technolog5, infrastructure, to support supply

operations.
(v) Where-to-make and what-to-make-or-buy decisions.

(vi) Aligning overall organizational strategy with supply strategy.Li
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.,., t 

\
Qll.zf actical Func tiopb
' '\q.., ,..-*+-1- .d

(i) rcing contracts and other pr,rrchasing decisions..

(ii) Production decisionE, including contracting, schedulinX and planning
process definition.

(iii) Inventory decisionq including quantity, location and quality of
inventory.

(iv) Transportation strategy, including frequency, routes.and contracting.
(v) Benchmarking of all operations against competitors and

implementation of best practices throughout the enterprise.
(vi) Milestone payments.

(r,ii) Focus on customer demand.

3

Daily production.ahd distribution.planning, including all nodes in tfre
supply chain.

(ii) Production scheduling for each manufacturing facility in the supply
chain (minute by minute).

(iii) Demand planning and forecasting, co-ordinating.the demand forecast, of
all customers gnd sharing the forecas(with all supplieqs.

(iv) Source planning, including current inventory and forecast demand, in
collaboration with all suppliers.

(v) Inbound operations, including transportation from suppliers and
receiving inventory.

(vi) Production operations, including the consumption of materials and flow
offrnished goods.

(vii) Outbound operations, including all fulfrllment activities and
transportation to customers.

viii) Order promising, accounting for all constraints in the suppl..-y-train-,..----...- -
including all suppliers, manufacturing facilities, distribution centres
and other customers.

'J,11 PERFORMANCE MEASURES FOR SCM
The measures according to which supply chain performance is judged is still

. natter of debate. Financial performance indicators of individual firms in the
-:pply chain will tell the story of the past, but that.alone is not enough to give
--lnagers the information on which to base their actions. Lack of good supply

-ain metrics has been identified in the literatup-e as one of the major pitfalls of
'-'M. Others surveys have proposed a numler df performance measures. These

:lude total supply chain cost, process eapaQiti.ly, customer retention measures
. .d lead-time as some primary indic4tors of sirpply chain performance.

(l) Total Supply Chain Cost : The total supply chain cost alerts
. -rnagers to the fact that it is not just one element of cost (among ordering cost,
-.round transportation cost, storage cost, conversion cost, holding cost,Li
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6.16 Shu6 6,tnr's Industrial Management

distribution cost, etc.) that is important, but the totality of costs incurred at

various points in the supply chain. A simple example of this is that
transportation cost can often be reduced by insisting on large batch shipments
and negotiatingbulk movements rates with transporters. However, the relevant
inventory holding costs incurred both by the dispatcher in building up the load
and by the receiver in using the load may outweigh transportation cost savings.

(2) Process Capability : Process capability is usually measured in terms
of variability of the outcome with respect to the desired target. Improving
process capability is the hasic quality control tool that has a long-run impact on

effectiveness by reducing wastes and decreasing uncertainty over yields at an1'

stage in conversion. In addition to conversion activities, it is essential to vies'
storage, transportation and other activities also as prociesses where capabilitr'
can be built up.

(3) Customer Retention : Customer retention is another attribute tha:
modern supply chain management must explicitly focus on, in order to sta.r

competitive. This captures the value aspect of the supply chain process

Therefore, it must be viewed in all the dimensions that value implies. Fol
example, if availability or reliable supply is a value, then a measure such as frL

rate (proportion of ordered items met from available inventory and which is no;

backordered) may be important which is then translated into a logistical servict
parameter.

(4') Lead Time : Process lead-time is another measure of basic supplr
chain capability. If pr:ocess capability captures the technolory and engineerin5
aspect of the activity, lead times captures the organizational aspect of tht
activity. Lead-time to deliver a certain promised range of products indicates hor
quickly and reliably the supply chain can respond to needs as and when thqr
arise. Process lead times would measure the primary effectiveness of the demand

process.

0usr-IN-TIME)

This a was first de in Ja
ma er, 4

One of the central ideas of this system is the eli ('muda'a,

s. !\hsle--:adthin tb
stations. It seeks tl

reduce what are known as 'the seven wlraEtes'.

Thus, JIT is a manufacturing system whose goal is to optim.izeprocesses
procedures by continuous

JIT aims to meet

1r
I

u-.r

set of methods for manufacturiu

Strictly speaking, this not m
ntaLi
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managemen to
cr

Toyota Motor Company identifres seuen wastes as being the targets of
continuous improvement in production processes. By attending to these wastes,
improvement is achieved. They are :

(l) Waste of Oaerproduction.. Eliminate by reducing. setup timss,
synchronizing .quanTities.and timing. between processeg, compacting layout,
visibility, and so forth. Make only what is needed now.

(2) Waste of Waiting.' Eliminate through synchronizing worl; flow as
muctr as possible, ancfbalance uneven loads by flexible.workers are equipment.

(3) Was sportation.' Establish layouts and locations to make
transport an iiinecessary ifpossible, They rationalizg transport and
material handling that cannot be eliminated.

(4) Waste of Processing ltself : First question why this part or product
should be made at all, then why each process is necessary. Extend thinking
beyond economy of scale or speed.

(5) Waste of Stochs.' Reduce by shortening setup times and reclucing
;ead times, by synchronizing work flows and improving work skills, and even by
smoothingfluctuations in demand for the product. Reducing all the other wastes
reduces the waste of stocks.

(6) Waste of Motion; Study motion for economy and consistency.
Economy improves productivity and consistency improves quality. First improve
:he motions, then mechanize or automate. Otherwise there is danger of
,utomating waste.

(7) Waste of Mahing Defectiae Products ) Develop the productiorr
rrocess to prevent defects from being made,so as to eliminate inspection. At each
lrocess, accept nb defecti and make no defects. Make'processes failsafe'to do this.
lrom a quality process comes a quality product-automatically.

Characteristics of fIT Systern
JIT systems display certain unique characteristiqs that help achieve a

-mooth flow- of production and benefrls. Key characteristicB of the JIT system
rciude i

O{euU Sy::tem*) Purchase of the final product by the customer pulls
-rtput from the final btage of production, which in turn pulls output from the

:receding stages of production. Each production stage pulls output from the
-:eceding stages when it is needed. Hence, a JIT system is considered a pull
-'.'stem.

<d1..ru"!!L\ JIT systems require high-quality levels for product design,
::oduction process and raw materials/parts supplied by the vendors. Also,
. rrkers are provided with adequate tools, training, support, encouragement and
.:thority for ensuring production ofhigh-quality goods.

(8\-$mall Lot Sizes; JIT systems use small lot sizes in the production
,:ocess. Therefore, it require small deliveries from suppliers. Small lot sizes
-=rmit greater flexibility in scheduling and reduce in-process inventory.
;.exibility enables quick response to changing customer demands. ReducedLi
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6_t8 S {ru6 hanr' s In d.u strial M anag ement

inventory levels help minimize holding costs' space and clutter. Also, smaller lots

require less inspection and lower rework costs'

@lAuich Setui4s.: Setup procedures are simple and standardized to

enable frequent and quick setups due to smaller lot sizes'

( od.uction Smoothing) To e,sure a smooth flow of goods from the

supp the final stage ofproduction, all activities are carefully co-ordinatei

and changes to the production plan are minimized'

suppliers.. .i sir-,ce, the JIT system requires high-quality material=

deliveibd o-rr-ti*" and uses small lot sizes, it also requires reliable suppliers whc

are willing to ship high-quality ma

t&{ xanUon Card, r.,l Corn*, and tht
precedi\g stages is carried out in smoot:-

-orr"*"rt of parts and materials. The rticle) u

a commonly used tool (e.g., at Toyota) for communicating the need for parts c':

work from a preceding production stage. without this card, which serves as a:

authorization, no part or lot can be moved.

Benefits of |IT System

Many U.S. Manufacturing firms are implementing JIT systems to realizt

benefits such as :

$fi ,e duced i nve U[ PgLLeve I s .

educed manufac mes.

ncouragement o icipation in problem-solving'

'$I^p, oued relations with suppliers.

(5) Smooth production flow by removing disruptions and ineffrciency. Th*'

also leads to improving product quality.

(6) Overall better quality of whatever is produced'

(7) Less scrap because mistakes are reduced and hopefully eliminated ar

some Point.
€ff ".. 

raw material is usedlecause employees are making the produ;

iigfrt at the first time itself.

(9) Less work-in-process inventory is found because production and delir-e1

quantities approach one single unit,i.e., it is a piece-by-piece productio:

(10) Less frnished goods sitting because they ideally are sold as they come cr5

the production line.

(11) Employees run the process and discover process problems. Therefo:'"-

there is teamwork,
($)rtmployees are highly_:notivate{ because of management respect ir

them.

*.[13) Increase d employee and equipme4lJ:ffrciency.

(14) Facility floor space is saved because there are no rework lines to co1.r€5

production mistakes.

(15) An overall increase in employee and equipment productivity is evider:-

lq
jP"

Li
br

ary
 S

tud
y M

ate
ria

l

Industrial Management: Notes

Page No  184 of 300.



Supply Chain Management (SCM)

Disadvantages of fIT

any.

r us land

\*fHig}, r ue to short-terng.pl.qlrf:ng9nd afninimum ]evel of
invent

(2-.Suppliers of input materials need to be educated about the quality by the

(4) Needs establishment of long-term business partnership with suppliers.

{5f Not able to meet any,unforeseen reqtllgqgn}/demand.

A kanban
nd

The design of kanban syste which lie at the hear! of a JIT manufacturing
system, involves determinrng :

6 tne number of kanban cards for each pglt;

@fffre capacity of each container;
(3)-Assig4in C f pq1^!_ achin_eg; and f
t4l Allocation such er. )
Kanban systems are often associated with . In fact, some

people have the misimpression that JIT requires the use of a Kanban system.
Having a Kanban system is not a strict requirement. of JIT implementation, but

simplicity-
tivo-card svstem as

introduced and4

toasa
in To ta Motor :S

be more Iar one-ca is the ploduction control system that,,JIT tion allowinFproduction with sm inventories.

these KanbanS (cariis). A typical process is shown i
Kanban

F;l\-------------7 .F ' [;;-l
"4 

Ma'ierasEq-] 

W-Y#-Eq-] 4
Fis. (8)

Work Station (WS-2) i He will decide when he needs the next
.rt of
nly-
:ansfer the material until he recei es
ntrolling the number of Kanban in

-:duced and materials arrive into the next workstation juit-in-time.

the whole

ISA

(,o."-"

NBAN SYSTEM
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Prerequisites for Kanban System
The following are the prerequisites for the Kanban system :

(1) Production plans and schedules should be uniform. Seasonal variations,
patterns in demand and anticipated large variations are required to be
levelled in advance to minimize the impact on upstream processes. For a
Kanban system to work efficiently, the demand variation should not
exceed +8tol0%,.

(2) Availability, dependability, flexibility and reliability of man, material
and machines for operations should be assured.

(3) Workers must be flexible; cross-functionally trained and firm believer in
teamwork rather than have an individualistic approach to work.

(4) Maintenance breakdown of machines should be zero. Scheduling and
loading activities should be planned in a manner to accommodate
preventive maintenance activities.

(5) Source inspection tec{rniques, capability studies, sensors and
transducers, Pokayoke devices and visual management techniques
should be actively used. Quality assurance efforts should be aimed at
defect prevention.

(6) All the concerned parties should appreciate implications of line
stoppage. Workers must be prompt in taking corrective actions, rather
than finding fault with someone else and delaying defect correction.

(7) Quality support systems and production support should be able to take
care of quick identifrcation of defects and abnormalities; die or setup
changeover activities. The necessary remedial measures for the
elimination of defects and waste should also be focused continuously.

(8) Departments and activities should be networked so that adequate and
timely actions can be taken. It is not necessary to go in for computer
networking. Even good team effort'is adequate.

(9) The layout should facilitate linking of all the relevent operations of the
process. For the smooth flow of material between operations, ever.r'
operation should have approximately the same production capacity and
be capable of producing at a rate that is dictated by the frnal stage of the
process.

(10) The organization should have a reliable, committed and qualif
conscious vendor base and a strong overall vendor developmen:
programme. It is advisable to share production schedule informatior-
with vendor and keep them informed about changes, if any.

Advantages of Kanban System
The following are the advantages of the Kanban system :

(1) Makes hgKanbansystem

the flow bf sales infoimation from dealers as a clear indicator for when. hor

(zfR"d,r""s WIP (Work-in-Prg-Sess) and frnished goods inventorl
significantly.Li
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(3) Smoothens production system,and reduces
administration lead times..

J4fProvides flexibility by q to
demagl)

Supplj, Chain Management (SCM) 6.21

manufacturing, delivery and

@u'ge : t-l: t::t!l -iu
- - Y',

(5) Helps fixing pesponsibility. and results in auto-control. This, in turn,
reduces administra,tion and planning obstacles.

.{6f Develops concern for both internal s.)
(7) Fairlysimpleandeasytoimplemen l;icomputers,

software and specially trained personnel.

,-@ ent of d ts or items to the next
furfher oney, time, man-hour,
more.

(9) Helps attain better discipline at the workplace by simplifying scheduling,
stabilizing and rationalizing processes through the Kanban system.

(10) Promotes continuous impiovement, keeping both internal and external
customer satisfaction in mind. I I S(14)' Provides an efficient lot tracking mechanism using the inexpe-nsiLe JIT.

(12) Reduces administrative overheads signifrcantly. This not only reduces
the cost of the product, but also improves profit margins.

(2) Underplays the known information about future demand patterns,
especially if they are fluctuating.

(3) A major shortcoming is the time required to transmit changes in product
and process designs through the system.

(4) Ther es and ban techniques.
Ther critical echnique on the
basis ments at a later stage
may create confusion.

(5) It is suitable for repetitive ope-r,ations, mostly in large vorume and low
product variety situations.

(6) Kanban,- demands the
standardi ivities and hou
This also the design of
system, standardization of operations and the smoothening of the
production system. If any of these items are missing or partial in nature,
the success of Kanban is affected.

9) If the supplier can delivery of components, the
company will haf,e TeVetr-E reffi;TEE'-rist of
stock-outs and interruption in production. But high inventory translates
into high cost and inefficiency, which in turn reduces the benefits of
Kanban.Li
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ti;?ii:' Shubfiam's Industrial Management

(8) ,Cultural barriers, belief in functional specialization, union pressures,
etc., often obstruct the introduction of multi-skill, job rotation practices
and flexible work concepts.

(9) It is useful mostly in repetitive discrete manufacturing scenarios.
Kanbans are not applicable to flow/continuous processes industries such
as oil refineries and breweries.

-?T6 Diffrcult to implement fftne products
(11) It is very likely for the suppliers to ed delivery

frequencies unless they are g=eographically in close proximity to the
customer company.

EVIEW Uestions

1. What do you understand by "supply chairu" and "supply chain
monagemenl"?

2. Discuss the goals of a supply chain. What is the impact of SCM decisions on
the success of a firm?

3. What are the three key supply chain decision phases? Also give the
significance of each one of them.

4. Elaborate the basic concept and philosophy of supply chain management.

5. Comment on the statement : "Supply chain managemerut is a systems
ap p r o ach to dis tribution ".

6. What are the various thrust areas that should be focused upon while
managing supply chain management?

7. Descrihe the cycle and push/pull view of a supply chain process.

8. Defrne the value-chain of SCM. Explain the flow of various things in it
alongwith their relevance.

9. What is the importance of information in the management of supplv
chain?

10. trIhat are the various elements of supply chain management?

11. What are the prerequisites for supply chain management?

12. Discuss the three components of supply chain management?

13. Explain the role of inventory control (management) in the supply chain.

14. Examine the role of safety inventory in supply chain.

15. Explain the various sub-processes in the SCM.

16. What are various functions of SCM?

17. How do we measure the performance of SCM?

18. What is JIT? Discuss its characteristics and advantages.

19. What is a Kanban system? How is it associated with JIT implementationi
20. What are the advantages and limitations of Kanban system?

trD-JLi
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QUALITY CONTROL

After reading this chapter, you will understand :

ffi Meaning and Definition of quality @

control

Objectives of quality control k
Steps in quality control"

ffi Process control .bie 
fi:t

Statistical Quality Control (SOC) :

Control charts (X-chart, R-chart,
p-chart, n-p-chart and C-chart]ggp

Sampling and Sampling plans

Single, double and sequential
sampling

INTRODUCTION
Before defrning quality control, let us defrne quality. The quality is defined.

whic irements of customers.
so be es and characteristics ofa
that given need.

The quality of a product consists of the following attributes :

(i) Appearance ofproduct
(iff Product design

\iif "Performance 
of the product

.{iryf nenafility of the product,-.

"$# 
Durability of the product _

{*t)- SenicsSbility '

-\arff) Maintai*lilitx
(viii) Suitability from customer's point of view
(ix) Degree to which it conforms the product specifications
(x) Marketing and after sales service.

Quality of a product or service influences the factors such as market,
:echnology, labour, cost and management.

(7.',!\
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'naNlNc AND DEFINITION OF QUALITY CONTROL

consists of two words 'Quality' and 'Control'.
t is the characteristi combinati

sor
one man Thus

e quality of an article r4ay include such elements as desigtt., size.

mqteriqls,*'cfemicil composition, mechaniccll functioning, eLectrical properties

son of actual results (frnished

product I an I Thus

*-eontrol is nd checking (inspecting) a phenomenoni
Control is the correction iilTffi quality of t6ti-'pioduct,; wheii deviations in the
quality are more thanexpected in the process.

fControl diff"r, from The control ascertains qualitl
characteristics of an item, co me with prescribed quality standard.
and separates defective items from non-defective ones. Inspection, however, does

not involve any mechanism to take corrective action.

Definition
Quality control is the process of. control where the management tries ta

conform the quality of product in accordance with the pre-determined standard.
and specifications. So, the control is f

the required. qualitystoe

quality controhmay al'so be defined as industrial managemenl
technique or group of techniques by means of which products of uniforn
acceptable quality are manufactured.. (Alford and Beatq-

64,ccording to J.A. Shobinf gzolity control means the recognition and
iemoual pf the\Qd.entifiable causes of d.efect;y.nd aariations from tlu
pre-sgts stando.rds.
' ,/ .y.$;;.' 

.

--/z oBIECTIVES oF euALITy coNTRoL
Following are the objectives of quality control :

1. To assess the quality of raw materials, semi-frnished goods and finisher.
products at various stages of production process.

2. To see whether the product confirms to the predetermined standards a:t,
specifications or not.

3. In case the product does not satisfy the standards, then to sugSis
necessary remedial step,s.

4. To suggest suitable improvements in the quality of product without m-:t
increase in the cost of production. For this purposs, new technique! rm

methods and machines may be applied.

the
sat

cllgs
stan

finish and appearance.
o Control is refeVred. to as t
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Quality Control

5. To develop quality consciousness in various sections of manufacturing
unit.

6. To reduce the wastage of raw materials, men and machine during
process ofproduction.

7.3 BENEFTTS/ADVANTAGES O(pU,T.uTISQNIBOL )
Following are the benefits of quality control :

1. An efficient quality control system reduces the cost ofproduction ofthe
product due to following factors:

ion raw material ,i

scal

liii)'${inimisation of reworB*gg-s} of sub standard goods

2. By quaiity control programme, the employees become quality conscious,
i.e., the morale of employees is improved.

3. There is maximum utilization of resources, i.e., t};'e necessary control
over the machine, equipment, men and materials and all other resources
is exercised.

.4 Uniformity and reliabil$r. of products h"lp_ t" $pllg_lgJ".;
osts and customers comolaints

r ,_."aae*E,*::#

6-- Consumersgetfiequalityproductofstandardspecifications,l.e.{thereis
^^l:^f^^+:^- \,consumers satisfaction.

the

IN QUALITY CONTROL
ss of quality control consists of the following steps :

Design of prod.uction system *"
Determination.of :qualitys-t-and.ard.-specifi cation
Control action'.",-
Inspection of prod.uqed. productfi'; -
The design of production system concerns with the achievement of
specifred quality.

This refers to the desired quality levels in terms of weight, specific
dimension, strength, chemical composition, etc.

The control action is used to ensure that established quality standards
are met.

Inspection of products means to see if the overall quality of lots satisfies
the specifications.

7.5 PROCESS CONTROL
During the stage of processing materials, random samples of the product are

taken. Their quality is checked against the predetermined standards andLi
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specifications of quality. There may be certain defects in the production process
Now corrective measures are taken to ensure that right quality products are
manufactured.

The process control helps in build.ing the reaised. quality into thB

finished product and preuents production of substandards product.

- A process is considered satisfactory till it produces the products of desireci
*{uality and specifrcation.

The process control techniques are engaged in evaluation of process

t Therefore, the process control consists o employed{./
at diffirent stages

ity control makes

fi., "gggtrfifi controls the qualitr
level ot' outgoing products.

SQC is defined into a number of ways. Here we present few definitions

SQC is defined as the technique isti
upon the mathemati of to qualit. control

the pu ef e standards and
in most econotnical wtanner.

SCQ is a simple statisticitl method, for d.eterm.ining the extent to
t without necessarily checking eaerl
whether or not the uariations which
tations. (Gran:

7.7 FUNDAMENTAL BASIS OF SQC
Using statistical techniques, S.Q.C collects and analyses data in assessin;

and controlling product quality.

The fundamental basic of statistical quality control is the theory of
probability. According to probability theory, the dimensions of the componen::
made on the same machine and in one ba'tch may vary frofr component t:
component. The condition that a batch wilr represbnt the entire batch :=

developed on the basis oftheory ofprobability. '

(Alfred
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Statistical quality control uses the following three scientifrc techniques,

1. Sampling inspection

2. Analysis of the data, and

3. Control charting.

i.B SIGNIFICANCE OF STATISTICAL QUALITY CONTROL
Following are the main advantages of S.Q.C. ' - D epul

*It gives an early signals of de.fercts.

-k It provides a means ofl

# lt helps to av d'macnl ls so rong as Lrle ljr-uuess rS

5. It serves as a means of deteimining the capability of the manufacturing
process to turn out products with specifications.

he rework and

;.gdNrROL CHARTS
{, tsa tation the collected.

he information pertains to the measured or otherwise judged

,riifr6*Steristics-of the items orih" samplefTherefoie, a control chait.,u
u a d.iagn

(A, contr s in
:e .ft depicts whether th.ere is any change

:: Stait of the Production run.

Successively revised and plotted control chart. immediately tells the

-:rdesired variations. S*o, it hetpj a lot in exploriSrg the cause and eliminaling
- anufacturing troublgs.

Purpose and Advantages

ity level,'

Iftfe defect is. d' then scrap or
ed" \

prrtation of the organizatiol. through

I

I
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Control charts

art

Var tesAttributes

p-chart np chart C-chart

)Fariables charts involve the measurement ofjob dimensionp. It tells w,hetbg
an item is accepted or rejected if the dimensions are within or beyond the fiseri
tolerance limits.

The attributed chart only differentiates between a defective item and r
non-defective item without going into the measurement of its dimensions. Su
these charts are only a way to control quality in those cases where measuremeli
of quality characteristics is either not possible or they are very complicated nti
costly.

ONTROL CTIARTS FOR VARIABLES
wing are the control charts for variables :

l. X-chart or Mean chart
2. R-Chart:

f. X-chart or Mean chart a
To plot X chart, a good number of items coming out of a machine ar'

collected at random at different intervals of time. Their quality ch
(may be diameter, length, etc.) are measured.

The following steps are used :

{i) Preparation of mean value (X) and ronge (R) tabl,e

For each sample, mean value X an{ range (ft) is found ogt.
Let us consider the example that a sample contains 4 itsrps (sample size

whose lengths are11,lr,l, ar;.d

x= +lr+lr+l^

The

\
I

sample average

.R =maximum

Process control

Iength (l-o ) - minimum length (l-,, )Li
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A number of samples are selected (say 10). Their average values and ranges
are tabulated as shown in table 1.

1

2

3

4

5

6

7

8

I
10

n =10 2R=26

,l

2

3

2

2

D

4

D

2

3

2

ii) Calculation of mean of the meons (Grond I.3q9 of samples

The mean of means is expressed by putting double bar on X, i.e.,

.iven by

X- ZX
No. of samples

rhere ) X = sum of means of samples

and n = number of samples

In above example, 
= 76A=-=l.b

10

fa

X. This is

and

and

R=
No. of samples

=4=z.a
10

Here, X represents the central tipg*g.llne X chart. j

u) Calculation of upper contml limit [UCL) andlower control limit (LCL)

Upper control limit (UCL) = X + AzR , '

Lower control Iimit (LCL) -- X - A2R

ttere Az is ]imit average.

The values of A, are giverr in tal:Je 2.

Table l. Sample auerage and. range

7.0

7-5

8"0

10.0

9.5

11,0

11.5

4.0

3.5

4.0
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S 6ub fr an's I ndu strial M anag emen t

2
D

4

5

6

8

10

72

1.88

7.02

0.73

0.58

0.48

0.37

0.31

0.27

In the given problem,

UCL =7.6 + 0.73 x 2.6=9.498
LCL =7.6 - 0.73 x 2.6: 5.702

('.' Arfor 4

With these value, X chart is drawn. This is shown in frg. (1).

ucl I 498

Mean 7 6

LCL 5 702

0 '1 2 3 4 5 6 7 I I 10

Sample number

Fig. (1)Showing X chart

Note. Upper control limit (UCL) and Lower control limit (LCL) can also be calcula:rd
by using standard deviqtign_of population of universe. We have

12

11

r 1o

I'
x8
q)
o)-(5/
b
60
(,)

OA
t
(Ea4

3

ucl,- *+zlft + i

LCL= x - 3#
where op - standard deviation ofpopulation

K - number of items in a sample or size of sample

,R66P=, or
d2 c2

Table 2. Sample size and.limit auerage

where d, is quality control factor, o is mean of standard deviations and c, is qualitf iLi
br
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Quality Control

Formulae used in
Sample average

Range

The mean of the

Grand mean

X chart

rh =!t + x,2 + tca +...+ xn
=LX

Sample size (K)

.B =maximum value - minimum value
means of samples

7 _ Sum of means of samples 
=>, 

X
Number of samples

n=xE
IL

UCL=X+ArR
LCL=X-AzR

Mean range

Upper control limit
Lower control limit
The values of A, can be obtained from table 2.

Range chart or Ii-chart
In case, of B-chart, we have

-R =Range =Highest value -Lowest value

The central line (C.L.) is given by
IR

C.L. : R =::: (z = number of samples)

Upper control limit U.C.L. =Ds R
Lower control limit L.C.L. -D, R

Table 3 shows the values of D, and Dn for different number of items.

Table 3

3.27

2.57

2.28

2.7t
2.00

1.86

t.78
t.72

ions of R-chart
Now we shall draw r?-chart using ^R values given in table 1.

R =2:= 2.6 tCentral line)
10

U.C.L. : z.ia x 2.6 = b.e28
L.C.L. =0x 2.6=0

2

3

4

5

6

10

t2

0

0

0

0

0

0.74

0.22

0.28

(': D+=2.28)Li
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The.B-chart is shown in frg. (2).

ucL 5.928

345678
Fig. (2) Showing R-chart

Formulae used in,[i-chart
Range R =Highest value - Lowest value

central line =E = 
rfi
n

where n = number of samples

Upper control limit (UQI) =D+ R, Lower control limit (LCL) =Dz R

where D, and D n are rang\lower limit and range upper limit respectivell
Their values are given in tab\

7.1.1 CONTROL CHARTS FOR ATTRIBUTES
Following are the control charts for attributes :

f . Control chart of fraction (p-chart)

6
Il5
lo
to3
o)
(Ett'

1

Centralline=D= 
ri*-

' number of pieces inspected t a

Upper control limit (UCL) is given by

F,. It't,UCL=B+3

where n = number of pieces inspected every day.

The lower control limit (LCL) is given byLi
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Calculations for p-chart
Let us draw ap-chart with

Quality Control

the following specifications.

Table 4

0.0834

0.1000

0.1167

0.1333

0.1500

0.1167

0.1333

0.1000

0.0666

0.1666

central line = p = rr*4 = o. 1 1 6 7

gg1,=B+3

\ =0.1167+3x(0.018b2) l"0.t72B

and M" = p -s .l[e 
(1- i').1 

= 0.1162 - B' IL " l

= 0.1167 - 3x (0.01852) = 0.0611

Thep-chart is shown in frg. (3).

017

0.16

015

0.14

0.13

0.12

011

0.10

009

008

0.07

0.06

1
o

o
d)
q)
!
c

1=

E
LL

UCL =
o.1723

C.L =
0.1167

LCL =
0 0611

November 1

November 2

November 3
November 4

November 5
November 6

November 7
November 8
Novemher 9

)'Iovember 10

300

300 t

300

300

300

300

300

300

300

300

25

30

35

40

45

35

40

30

20

50

0.1167x(1-0.1167)
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Formulae used for pchart

For central

The upper control limit is given by

ucr,= P*z^l[Ptt-Ft'l
VL N )

where n = number of pieces inspected every day.

,,. 
,n" lower control limitis gi*:O: 

trW ZlLCL= p-3"11:, VL , -]

l

where

Control chart of defegtiyg:ilems (np*-chart) .,6
Central line (C.L.) = nP

Number of defective items in all samples

Number of samples *

C alculations of np- chart
Let us consider the following example. !

20 samples of size 20 each were inspected. Following are their results :

1

2

D

4

5

r)

7

8

9

10

Now we shall draw the np-chart.

In the given problem, n =20 and K =2Ot 7)

Upper control limit (UCL) =i-p + 3 JiLpO-in
Lower control limit (LCL) =np -3,1W(-Ffi

b + 25 
=o.oo2s' j 20x20

Central line = ruF =20x 0.0625=L.25

11

\2

13

L4

15

16

t7

18

19

20

2

1

0

2

1

1

1

0

2

.l

0

2

1

o

0

1

2

0

0

J
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ucl- = np + 3 {neGnrt =t.25 + 3 Jti25-tl1- 0'06'CI1

=t.25 + 3 !(L% rT.O575 =1.25 + 3.25 = 4.50

LCL = np - 3 J6rB A _-rll = t.25 -3 fi.-zs<1 - 0T6'CI]

=7.25 - 3.25 = - 2 = 0(being negative)

The zp-chart is shown in frg. (4)'

UCL=45

CL= 1 25

LCL=0

1234567891011
Fig. (4) n-P chart

It is observed from this chart that np of every sample lies inside of the LCL

and UCL. Therefore, the process is under control'

Formulae used. in nP-chart
No. ofdefectivesp-

Cuntral }rne =nP.

UCL=rtp+3@Gd
LCL = np -3.,OaC-An

@. Control chart of I per un$(C-chart)

In this control chart number of defects in a placL or a sample are plotted' It

controls number of defects obser-ved per unit or per sample. In c-chart, sample

size is constant.

ThischartisusedwhereaYeragenumberofdefectsaremuchlessthanthe
number of defects which would occur'

Central line (CL)=e

Uper control limit (UCL) =C + g^,le 
1r=i

Lo-wercontrol limit (LCL) =C -B JC' J

Quality Control 7-*3

+

l4
ao->3
6
eo^'oz
o

2t

9 '10 11 12 13

Fig. (4) n-p chart

2d
nK
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i;;:;ffilt$,it sfrubham's Industrial Management

C qlculations of C-chort
Let us consider the C-chart of the following example :

I

1

2

.l

4

5

6

7

8

I
10

2

4

1

5

5

6

D

4

0

I

Total = 37 (Total = 10

e ={=s.t
10

Upper control limit (UCL) =d +3^[e =g.l + SxGJ)

:9.472

Lower control limit (LCL) =e -S Je =S.l - 3 
"GJ)

= - 2.072 =zero
Fig. (5) shows the C-chart

10

8

7

6

q

4

J

2

1

UCL= I 472

Meanline=37

LCL=0
0 1 2 3 4 5 6 7 8 I 10

Casting number +
Fig. (5) C-chart

All values of C lies within the control limits. Therefore, the process is under
control.Li

br
ary
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Formulae used. in C-chart

Central line (CL) =C =
Total defects in all the items inspected

Total number of items inspected

Upper control limit is given by

UCL=0+Sr/E

Lower control limit is given by
-LCL=C -3JC

Exo m ples

d^r lL
25 samllis of 4 ttnits each were taken and their critical

LDere tneasurecl. L X was 475 cm anlZR was l[Q.p,fn' Determine
the central line and both the control lirru.its for X cha,rt and R chart. Control

factors Az = 0 -7 3, D s = 0 and D + = 2.282 -

Sotution Given n=25, K =4, )'X=475 and ),R=150

X Chart

Central line N ='X =m =tgn25
E_=rft_150_6 *.n25

Upper control limit (UCL) = X + AzR

= 19 + (0.73) (6)

= 19 + 4.38 = 23.38

Lower control limit (LCL) = X - AzR

= 19 - 4.38 =14.62
R chart

Central line (CL) =n- = 119 = e25,
Upper control limit (UCL) =DtR

=2.282x 6=13.692

Lower control limit (LCL) =DsR
=0x 6=0

Determine UCL and. LCL for X chart and, R chart for a sample
control faetors are:

K Az =A.72g, Ds = 0 and D t =2-282 .

The ualues of X and B are giaen below is tabular forru.Li
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7'.18. Sfiubfiam's Ind,ustrialManagement

1

2

,1

4

o

7
a

o

10

11

t2
13

t4
15

27

16

48

t2
04

18

06

10

20

10

2t
26

2t
61

18

n=15, L X :455.50, I-R=318Solution
X chart

Central line (CL) = X
z x 455.50

n15
= 30.37

i?:rR=318=zr.zonl5
Upper control limit (UCL) = X + AzR

= 30.37 +(0.729x 2L.20')= 45.82

Lower control limit (LCL) : X ArR

= 30.37 -(0.729x 2I.20)= 14.92

R chart \
Central line (C.L.) -R =21.20

Upper control limit (UCL) =D+R:2.282x 21.20

= 48.38

Lower control limit (LCL) =D" R:0x 21.20o

s the mean (X) of 20 samples. Size of each
rd deuiation is 13 . Draw the control cliart

for the meon :

31 33 20 27 18 20 t7
29 31 25 37 23 19 28

_ r31 25x{
[30 32

qn

l"-

4

22.75

45.00

38.75

28.00

29.25

26.50

31.75

17.00

23.00

3t.75

28.25

4L.75

30.00

45.50

16.25
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Quality Control

Sotution Given n =20, k =25 and op = 13

centrat line (cL) :X -L 
x 

- 530 
- 26.80n20

Upper control limit IUCL) =X * 
3 oo

"Lx
D..1D

=26.50+"1"
- J25

-26.50+ 7.80:34.30

Lower control limit = -X - 1="^ =28.s0-qg
"lK rt'%

*gr
'fie

The X chart is shown in frg.

=26.50 - 7.80:18.70
(6): '#j"

1

o
o-
E
oo

c
o

40

35

30

UCL =
34 30

CL=
(26 50)

CL=
(18.70)

25

20

15

10

0 1 2 3 4 5 6 7 8 I 101112131415161718192A
Sample number +

Fig. (6) X chart

It is observed that sample no. 7,9 and 16 lie outside the control limits but
sample no. 16 lies outside to UCL. Therefore, the process of this sample appears
tobe out ofcontrol.

The total number of defects in30 large size samples qt a work station
was 480 Apply the position distribution to determine lhe central line and the upper
and lower control limits for the number of defecls in the sample.

Solution Central line (CL) =
I

Total number of defects

Total number of units observed

e =14 =ra\30
'r

Upper control lim,lt (UCL) =d + e Je
'/ =16+3"/GO=16+3x 4=28

. Lower control limit (LCL) =e _ 3"t8

= 16 - 3 "[o = ro -I2:4Li
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ubham's Ind,u strial M anag ement

SAMPLING AND SAMPLING PI.q.NS

s

consi$er that a box.containq a lot or.batch (of component parts). It-is
importani to mention here,that in the sampling'proc the sampleq must be

coliec.ted from all sidgs,and different depths.of the bo5 so that5:very part has an

equal probabilitlor chanc.e.of being selected'

For a sample to represent.truly a lot,.the samples should b-e collected at

regular intervals.(suy 
"r"ry 

hour, eve 'six Lour, every day, etc') from the entire

profluction run.
eases and dePends uPon the

e follo Yes. as a good guide-.for

\'U\\e

\

Sampling plans '..-

Sample size="[p

(
a€
\J?-
1<

(-+
kA
"u\r<

-+(
kA'

nJ

Following are the samPling Plans :

r.)f9le s omolins 
1lans

A lot is accepted or rejected on the basis of a iingle samp drawn from that

2. Double samPling Plans
In case, it is not possible to decide the fatq of the lot on the basis of single

sample, then a .""onJ sample is drawn from that lot. The frnal-degtgien iq taken

on tle basis of combined re:tlt. :ll1"ed 
with bgth-tlgq.amples'

3. Multiple sampling Plans
In this plan, a lot is accepted_or rejected on the basis ofresults obtained fror

several yunnles. :

4. Sequential samPling Plans
This

the sa

.. Ot
should be accePted or rejecte

7.13 SINGLE SAMPLING PI..q.N

In single sampling pla4, a lot is accepted or rejected on the basis of.singrt

sample drawn from that lot.

k(
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Quality Control

Method
Following steps are used :

l. A single sample of size n,G.e., n component partsfis selected from the lot.
The sample size ma5 either be calculated with the formula J2 N (N = batch
or lot size) or found froni the table..

2. The sample is inspected and the defected components. from the lot are
selected and taken oqt.

3. If the number of defective pieces exceed the acceptanc-e number c, then
the lot is rejected.

4. Ifthe lot is rejected then each and every piece ofthe rot is inspected. The
defective parts ardreplaced.

Let, r be the number of defegtiw*iecgs. If acceptancqand rejection number
for a sampling plan be C and p, respectively then there can be thrqe outcomes bf
the inspection : +.^ 

u 
ao 

U

\ til Ir i <C. -+accepted - 1
I

\fiil ff x>R-+rejected - i
i[iit Irc <x <R-+take the next sample -,,,*

Calculation of sample size
For the calculation of sample size, let us explain the meaning of acceptable

quality leuel (A.Q.L.) and lot tolerance percent defectiue G.T.PD.).
Acceptable quality leuel (A.Q.L.). It indicates a sma]I proportion of bad

components in a lot such that the lots having less than this proportiori of bad
components have a high probability of getting accepted.

Lot tolerandc'. percent d.efectiue (L.T.PD.). It indicates a small
proportion of bad components somewhat larger than acceptable quality level in a
Iot such that the lots,having more than this proportion of defective components
have a small prob4/rlity of getting accepted.

Given that AQL or pt =2Vo

LTPD =9.2Vo

n LTPD 9.2rri -- =- =4.6"AQL2.'. Operating ratio,
t

Table given below shows the producer's risk = Consumer's risk

It is obvious from this table that for Ro = 4.G, the values of C and np, are 4
and 1.97 respectively.

Size of the sample =@
p

_ 1.97 _ 99
2Vo

TABLE

Therefore,Li
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The sample size can also be determined with the help of standard table.
Consider the following example :

5

8

10

L4

18

1

2

3

4

5

2

4

o

7

.1

4

5

8

10

4

6

8

11

t4

75

115

150

225

300

Solution Table gives a sample size 150 and acceptable number C as 8.

Using the table giuen below, for a lot size of 1200 arud allowable
efectiue 47o deterruine the sample size.

upto 499

500-799'

800-1299

1300-3199

3200-7999

This means that a lbt containing 1200 parts, at random pick up 150 parts.

Inspect these parts and find out the number of defective pieces. If defective
pieces are upto 8, the lotis accepted' otherwise reiected..

7.1, PLAN
the fate of the lot on the basis of frrst sample.

then a second samp-le is drawn out of the same lot. Now the decision whether tc

accept or reject the lot is taken on the basis of the combined results of first ani
second samples.

Double sampling plane procedure
Given that C, and C , as acceptance numbers and C , >C r.

Procedt:ne
1. Inspect a sample for size n.r.and count defective parts 1.

2. We have the following three possibilities.
(i) Kr <C, (Result : accept the lot') .

(ii) Kr >C, (Result : reject the lot')'
(iii) C1 .Kr'Cz (no d.ecision')

For (iii) condition, the following procedure is adopted

(a) Draw another sample of size nr. Now the total sample size is (n, - -' 
-

(b) Inspect the sample and count defective parts. The defective parts r-
now (K, + Kr).

(c) We have the following possibilities

(i) (Kl + K r) <C , (Result : accept the lot)Li
br
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Quality Corutrol

(ii) 16r + K r) >C , (Result : reject the lot)

Tabular form
Given C1 and C2 as number ; Cz> Ct

inspect a and
KtI

Kt' Cz
(Reject the lot)

(c, 'K, ='"I KttCt
(Accept the l$)

her sample
lsamPle siz d

i count the d
(saY K1 + Kz) €

(Kt + Kz), C2 
"(Reject the lot)'

(&+ Kz)<c\
(Accept.the lot)

7.L5 SEQUFIN LING PT-A.N

T ial sampling plan is of the following two types :

l. Multiple sampling plan and 2. IteylE;llgn-analysis

I. Muttiple sampling plan
A multiple sampling plan accepts or rejects a lot upon the results obtained

fr6m seueral samples.

The procedure is as follows :

1. Inspect the frrst sample and count the number of defects.

2. There are three possibilities
(i) The number of defects is very small (Result : accept the lot)
(ii) The number of defects is very large (Resulf' : reject the lot)
(iii) Borderline and undecisive (No d.ecision)

For the third condition, we proceed as follows :

(a) Draw a second sample and inspect it. Combined the number of defects in
the first and second samples.

(b) There are three possibilities
(i) The number of defects is very small (Result : accept the lot)
(ii) The number of defects is very large (Result : reject the lot)
(iii) Borderline and undecisive (No d.ecision)

For the third probability, we proceed as follows :

(c) Draw a third sample and inspect it. Count the number of defective pieces

in all the three samples.
(d) There are three possibilities.

(i) The number of defects is very small (Result : accept the lot)Li
br
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S hub h am' s I ndu st rial M an ag em ent

(ii) The number of defects is very large (Result : reject the lot)
(iii) Borderline and undecisive (No d.ecision)

For third probability proceed as above.

i lnsp nd count the
\ cts,

Tabular form

Numbers very large
(Reject the lot)

'Borderline
and undecisive Number very small

(Accept the lot)

Draw the second sample, count
the number o irst and

second sa iD.ed

Numbers very large
(Reject the lot)

Borderline
Number very small
(Accept the lot)

undecisive

Draw the third s-ample, count
the number of defective-pieces in

all the three sampleS.

Numbers very large
(Reject the lot)

Undecisive

It
Draw fourth same

and proceed as above

Number very small
(Accept the lot)

important because multiple sampling is based on it.

1. Give the meaning and defrnition of quality control.
2. Define quality. What are the objectives of quality control?
3. What is quality? What are the factors affecting quality?
4. What do you mean by quality control? What are the objectives and bene-.l

of quality control?
5. Discuss the different steps taken in quality control.

"Tf,:T['r ffi*:+"
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8.
9.

10.
11.

12.
13.

Quality Control

6. What is meant by statistical quality control? Give the fundamental basis of
statistical quality control.

7. What is statistical quality control? Describe the signifrcance of statistical
quality control.
What is a control chart? State the puspose and advantages ofcontrol chart.
What are different control charts for variables? Describe any one of them.
Discuss X chafi or mean chart.
What do you mean by central line, upper control limit and lower control
limit. Discuss the range chart or rB-chart.
Name the control charts for attributes. Discuss one of them.
Discuss the following charts :

(i) p-chart (ii) np-chart (iii) C-chart
14. What do you mean by sampling and sampling plans?

15. Defrne the following
(i) Acceptable quality levet (AQL) (ii) Rejectable quality level (RQL)

(iii) Indifference quality level (IQL) (iv) Average outgoing quality (AOq;
16. Give the industrial applications of acceptance sampling.
17. Describe a single sampling plan. How will you calculate the sample size.

18. What is double sampling plan? Describe the double sampling plan
procedure.

19. Discuss multiple sampling plan. Describe its procedure.

20. What do you mean by a sampling plan? Describe the sequential sampling
plan.

PROBLEMS

Determine the control limits for X and.B charts of X X = 357.50, t ,E = 9.90.

Number of groups = 25. Itis given that Az = 0.18, Ds = 0.41 and D t = 1.59.

[Ans. X-chart 14.372, 14.228,.8-chart 0.629, 0.L62]

Using the data given in table 4, calculate the control limits for n-p chart.

lHint. Centra] line P =# =0.1167

nP =300 x 0.1167 = 35.01

= 51.69

1.

2.

ar. 20 samples each
Control factor d,

[Ilint.

whose XX=585 and X R=410.
Draw control limits for X chart.

xR 4toR= = --"=20.50
rL 20

= 35.01+ 3 "/35.01x (1 - 0.1167)

= 35.01 - 3 ^i 35.01x (1- 0.1167) = 18.33

of size 5 were taken
for a size of 5 is 2.326.

x =2 
x 

=!9q = 2e.2b;n20
R 20.50

' d, 2.326Li
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S 6ub hant's I rudu strial M anag em ent

ucr, = R . H = 2s.2b. T = 41.05

LCL= *-H=2s.2b # =n.4s

I
a
oJ
G

c
(E
o)

UCL (41 05t

cL (2s 25)

LCL (17 45

0 1 2 3 4 5 6 7 I I 1011121314151617181920
Sample number +

Fig. (7) X chart

4. Determine the central line and control limits for -E-chart with tht
following specifications :

LB : 60, n : 10 and for a size of sample 4, D r = 0, D z : 4.918 and d, = 2.059

tHint. centrar rine .E =I4 =99 = orL 10

uct-= D^R =4.918, 6 -=14.83: LCL=o,4=0. 6 
=0-" d, 2.059 ' d2 2.059

5. A manufacturer finds that on an average 1 in 10 of the items produced $
him is defective. A few days later, he finds that 20 items in a sample of 1'.tl

items are d'efective. Is the process in control?

lHint. n:-1 =0.1
10

LCL: p -3

In the second case,

This is higher than
control.)

o=20 =0.20' 100

the UCL (0.19). Therefore, the process is oul m
IGI

X chart is shovzn below.
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& TQM Framework

Evolution of TQM

Stages in TQM lmplementation
@ TQM models

Failure of TQM programme
m ISO-9000 Series

.(ii) Longer life
(i9 Look of the product
(vi) P.o-p, after sales service

,(yii) Its utility in the life

TOTAL QUALITY MANAGEMENT (TOM)

After reading this chapter, you will understand :

ffi lntroduction to TQM with definition
& Basic approach of TeM
ffi Essentials of TQM focus

Characteristlcs of TeM
Necessity for TQM

Pillars of TQM

.(i)"Affordable cost

$ii)' Reliable performance

"(rr) Easy maintenance

INTRODUCTION
Let us first analyse the three words of total quality management (TeM), we

_1ave

To t a l-\nade u g.oj....t_Ie-whoft
gree of excellence that provides i
f-Act. art or manner o , controlling. directing, et)

The product which sfaction is termed as"Quality product. The
-ollowing factors are co piiissed as need of a customer :

Je.t)
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8.1

m' s I n du stri,al M anag ement

EFINITION OF TQM

continuous improvement.

TQM is a cooperative form of doingbusiness that relies on the talents al:
capabilities or totn labour and management to continually impror-:

quality and productivity using team.

TQM is an effective sys integrating tL^ t:

quality

"f;mma.. 
to 

""unle Prod.uction and seruice at most econom-ical leu els' tc

meet c u st orne r s s ai i sfac(io n.

The total quality mangement can also be defined into a number of ways

Here, we present few standarded definitions. '

total quality management is a total approach to put quality ir] ever.t

ct of management.'t--

.5

w

TQM is defined as $eveloPi
distribution of low cost Prodili

manufacturin-g, administering arE

a customer'wants -rservices that

integrated way of managing a:1

needs of customer consistently and :'r

in every aspect of the organizatitn

needs)F
ffi TQM is a comprehensive and

organization in order to meet the
achieve continuous imProvement
activities.

m TQM means that everyone in the organization is involved in the fr:,,e

product or service to the customer.

,/y/, snstc APPROACH OF TQM
,-/ Following are the six basic concepts tLat a TQY- require6 :

# l, committed and involved management to provide long .te--o
top-to-bottom organizational support.

2. Focus on the customer needs, both internally and externally.

B. Continuous improvement df the business and production procqss.

4. Proper utilization of entire work force..

5. Sympathetical behaviour to suppliers-and partners'

?i.

d
C

r : - ---l
environment that allows organisation wide part cipation in planning and

implementi ng acontinuous improaement process to meet customer need.,
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T otal Q uality Management i;ii;i,;l

6. Establish performance measure for the processes, j,e,, stepwise checkup
for every part ofthe product.

The following chart shows the\eleme_nt gltelA gglllent)

Fig. (1) Elements of TQM Concept

,dttuNrrALS.oF TeMIAS s i
Following are the essentials-of TQM focus

-1; iieadership

-2fQrrtity opt

*Sa Organis

_. 
y@mployee involvement"

5 Supplier selection and developmen

GJIse of continuoris.llan, chesking, firt (PDCA), etc.

'.r&i{ustomer satisfaction 
* 

-r 
d

2
8. 4FATCTERTSTrC S OF TQM
./ Th"r"are four major chpracteristics. They are :

l. Totality. It refers all - ap"eqs and functionsl(* activitieJ, and ial
employee for optimum quality Xffii}. 

"..,

Continuous
improvement

Customer
focus
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h

2d Improvemen{s.) It sPecifies

3. tFoundation. ] This concerns e

and system. This ensur-es
r-\

4. (Documentatiod. people-machine-information (PMI)

relation\ to make the TQ

8.5 NECESSITY FOR TQM
Following are the necessity for TQM

J. All personnel are involved which improvesimotivation and commitment:

2.TQMprovidesassurancethatperformanceandprocessesarewel]
understood.

*, TQM adds va es offered to customers''

4i- TeM is economic in the long telr_r to both th{om.p--any and customers. )

8.6 PILLq.RS OF TQM
Following are the five pillars of TQM.

Fig. (2a) Pillars of TQM

Therefore, TQM focusses primarily on total satisfaction of both internal ald

external customers within a management environment that seeks continu':u

improvement of all systems and processes.

So, TQM is necessary' It is a jourhey that never ends, i'e', a way to sun:

and succeed.

Organisation wide imPact of TQM

A TQM requires a very committed and supportive managemeht struLa

and system. trris is resulted in shifting of management of such a new qui

efforts from hands at functional managers to company's general managemeLl

Fig. (2b) shows the different functional divisions

Product-.,Effectiveness- I
- Process

-t PeoPle 't
Suitabilifv 

/ 
I,--\ 
V* 

LeadershiP
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Total quality management

Total Quality Management

Fig. (2bf Showing different )

8. MEWORK
Fig. (3) shcws the framework for the TQM system.

tr Fig. (3) TaM Framework

The hey

are: sh chi'

They contributed to the development of principles and practices and/or tools and

techniques.

The fools are i

*p{nformation technolory i!'-"'

*-. @uality management sfistems

gdnviromental management systems sF' - 1 : i'''|

Quality by design,

- Failure @els #
Product and service liability."#
Total productive maintenance

Management tgqls * r{

Experimental design '*
T}ne principles and practices concerns the following
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S hub ft qm's I ndu stri al M arua g em ent

some tools and techniques are used in products or service realization.
Feedback from customers provides informatiorfto continuously improve the

organization's system, product and service.

It includes, inspection (Ins), quality control (Q.C.), quality assurance (e.A.)
and total quality management (TQM).

The main focus on each of these stages are :

1. Inspection
(Every industry has an iinspection departmen! At the final rstage ofof the

proiess (manufacturing or service), it is inspecfed to check. j e

trend. the
if the inspection shows
essentially So, in-spection is a tooffor cheching

iustifies nteq.ns". Therefore, irl inspection, we have t-o focus orr the following
points : '

Ji)
(ii)
(iii)
(iv)

2. Quality Control
There are a number of lapunae in the process of inspection. Therefore, a

quality control approach is used. In quality control, the process is given
Q an!stlglisriagtt
trumentation isLi
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l
3. Quality assurance

The
importa
adopted
International bodies such ds ISO (International Standafod-s Organization) came

out with ISO series certificatign. Such certifications assured about the quhlity of
the product of the company. Quality manials are also provided by the
company. Quality cosf is ilso another importanf factors. So, the company

Tolal Quality Management

quality of the process and product. However, people outside remained in dark.

Quality control focusses on the lollowing points :.-

(i) Process performance datrr,

(iil Quality planning i,

(1tt) StatistirolffiJ " --@

$bYC o n t r o I in 
_s 

t r urn ent at i o n

focusses on

-(i) Docuntentation#
(ii) Sy stem certification'
(iri) Quality manuals
(iv) Quatity co$s vl

4. Total quality management (TQM)

This is essentially a management philosophy where every individual in the
organization is motivatod to work-hard and c ntribute his power to improve
q"ality of the product. The managemeirt pro ides an'ideal environment fbr
continuoudly improvif,g their perfcirmance and resulting in better budiness

continu t andperformancb tne@surernent.
,

TQM al'sq

the prodgct has to go

in the hand of customers for their u6e. For TQM, we have

&9 STAGES IN TQM IMPLEMENTATION
The various stages in an organization during TQM implementation are :

,1. Unhealthy situation -
..2, No relaxing situation .-
3, Common goal or same aision situation
*, Team utork situa,tionLi

br
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S 6ubham's I ndu strial M anagement

these situations are shown in fig. (5).

1

r'

2

\\/
l l l \/

rrlll,7,/ /\

3
t t t t t

i t t t i

4

ttftttttttitittftttitt,t tttt

'$"ffi

l.'}

Fig. (5) Stages of development during TQM
lmplementation

Description of various stages

t. Unhealthy situation
This i e constantly working as

shown by are doing vetlfuninimal
work).e., tuation for an organization./ *--
2, No relaxing situation

J'

Under this situation, there is no*dot in-the fi{5), l.d" no

A1t

N

The peoples (ten) shown by arrows aiei
shows that there is no sr

in his own way.

3. Common goal or same vision situation

comparison to two previous situations.

4, Teom work situation

very e is workingorgan

the figure, all
eople are worki
vision for the

pointi^ng towards the same

!on) Therefore, all have a
Is-a better situation rn

t is important to mention here that
ny times greater than u'hen thel-

gur€,
is mean
th ct that effect of ten peopl ds a common

are working as group. The team work situation shows a tremendous increase in
productivity. In other words, G .1n say that with input relqallllg-th-e same, the
output is tremendo#lgj PqLi
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Total Qttality Management :,' .6.9 
,

Implementation of TQM strategies witl be effective only when the
organization is in a stage 4. So, every organization shoutd aim to reach stage 4 at
the earliest.

fThe key factors for stagewiss improvement is shown in fig. (g;.1

Empowerment W

Common Vision ,g

Team Work *v
lmorovement )-,-..'*#,
be best assured that stage 2 is

If the organization is in stage 2, then for movement to reach stage 3 requires
a common vision.

In order to reach stage 4 from stage 3, one has to work towards teaming up
the people.

8. MODELS
There are various models adopted by different companiq,s for implementing

TQM. Here we shall consider the following different TQM models :

l.
q

3. t.

Considering the different conditions in the industries, it is recommended
.rat in frrst step, TQM transition modeFshould be adopted artd as a second step,
:re integrated TQM model should be followed.

8.10-1 TQM TRANSITTON MODEL
In this model, all initiatives are focused on customers and the customer is

.-'hieve this, the following three approaches are recommended :

(i) Vision, (11) Continuous improaetnent and (iii) Inaoluement of
4L'eryone.

These are the three corner stones as shown in fig. (7). The three factors
--ould be treated in the same order as shown in the frgure.

f ig. (S) KtV factors for stagewise

When the employees are empowered, it can
reached.
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Shu\ham's Industrial

tinuous improvement

Mctn

@"
Fig. (7) TQM transition model

(i) Vision

The vision includes, mission, objectiues, ob

When the vision statement mu t concentrate on

system perfection.

ifferent views regarding the fact that whether the importance

should be given first to sysiEm component ot to humant. component. Considering

all situations, it is said that irrespective of the tlpe of company, it is alwal-s

system first and human next.

(ii) Continuous imProvement

future. This is only possible when co

greater importance.

(iii) Involvement of everyone

The involvement of everYone represents tlne human component. Th-'

difficult situation. Every effort should'be made to include tearn-spirit gmot{
ork whole-heaitercl for the implement4tion of TaiU'

Involvement'of everyone is only a single component which stands betwee=

the success and failure of TQM implementation in any industry'

In this model, following processes are used :

(a) Planning proeess (represented bV Pr)

(b) Doing pr%Pss (represented by Pr)

(c) Cheching process (represented by Pr)Li
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Total Quality lVlanagernent 
i:

(a) Planning process (P, )

This includes benchmn\hirug and long term planning._
Benchmarh,ing requires that an industry should select the. strong areas of

their competitors and take steps to improve themselves on these areas. Every
industry should strive hard to benchmark thelr products against the 6est in thl
market and work for self improvement.'

There is a failure in some companies due to their vision of short term gain.
Quality'management-advocates long term planning with a clear vision. '

(b) Doing process (Pr)'

Doing process concerns with quality apd preuentiue mechanisms.
The quality must be ensured in every activity of the industry. Scientifrc

methods have to be introduced in every activity because it guarantees a foolproof
analysis and solution.

It is recommended that preventive techniques are to be found out for every
possible defect or failure in the organization and should be built in.

(c) Checking process (Pr)

The checking process includes performance of employees, administratiue
audit of funds, implementation of TQM and progress of organization. After
checkingprocess necessary improvement measures should be taken as and when
required.

/'
8.1,o-/ TNTEGRATED TQM MODEL

In this model, p

appraisal do not find a'place.

The integrated TQM model is shown in frg. (8). It has the following three
.rpproaches :

(1) Managment leadership, (ii) Prod.uctlprocess excellence and
Human resource excelletice.

Hryy'f ,

/t)
r*i- t

l' \*

Product/Process
Excellence '/

\

Human
Resource

Excellence

Ma L

Fig. (8) lntegrated TQM modelLi
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(i) Monagement leadershiP

It incorporates
(r$ Proper vision
(b) 1007, commitmqnt from managernent

(iii) Motivation to employees -
(iv) Strategic.planning

(ii) Produet I process .excellence
It reflects the system component of TQM,

(a) Continuous improvement -
(b) Preventive measures *
(c) Documentatiorr-
(d) Data base approach.

(iii) Human resource excellenee

It reflects the human component of TQM

, (a) Training

" (b) Team building
(c) Information communication
(d) Crossfunctional stYle

1o-3 OPERATIONAL TQM MODEL

consists of multi-skilled workers.a vurlsrsl,s ul rrrLllLl-b^lllvu wurlsrD'

The another important point of this model is the judicious choice of variou-'

qualitative and quantitative tools to analyse quality problems situations.

The model is shown in frg. (9).

Management support and Commitmenl

l
c

r
Ii

T

o)

w
ic
c(

-e

ec

IS

T(
:xt

:^u

Total paftici

iSelf empowered\ team

Quantative/Qualitative
. .problem solving

tools

Fig. (9) Operational model of TQMLi
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Total Quality M anagement

8.1L FArLURE OF TQM PROGRAMS
The most common reasons for the failure of TQM programs are :

4'acUof commitment from the top r-narlagement.

2. Using some specific techniques rather than focussing on the system.

W'.f , o S, um stops with-lgallg)
4. Expecting immediate results not a long term pay-off.

5. Not obtaining employee buy-in and participation.

,fr:f, continuous improvement in the quality of product)
";I- Not focussing on the requiremenf and Qemand of the customers, 1.e.,

(ustomer satisfaction)

8. Not employing expert management of the freld.

=Afitot focussing on the reasonably cost of the product.

ISO)
in 1987

revi
ing

ISO

Definition
''The series of ISO-9000 telldmanufacturers a

ofa t
rvhi

eonceots and ioecifi.es the<-. uhes

hat is ired

iearres.-your o"garrisat-i6r-6dFtrre customers r"frifEaie"ts. "So, 'ISO-9000

certifies the process or system used to manufacture a prod,uct or seraice!

ISO-9000 and TQM

quality to

8.13 OBJECTIVES OF ISO-9ooo
The basic objectives of ISO-9000 are :

W sefvices.

6 *t*.(uarltr in a costLi
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i l;ili:fi ,;l Shu66&m'slnd,ustrialManagement

These above objectives are achieved by the following means :

1. To achieve, maintain and seekto continuously improve product quality.

2. Improve the quality of operations to continually meet 'customers' and

'stakeholders' stated and implied needs.

3. Provide confidence to internal management and other employee that
quality requirernents are being fulfilled.

4. Provide confidence that quality system requirements are fulfilled.

5. Provide confidence to customers and other stakeholders that qualitv
requirements are heing achieved in the delivered product.

6. Becoming part of national/regional/international quality standard.

7. Encouragingbilateral and multinational agreements in trade, technolog''
and manufacture.

8.14 ISO.9OOO CERTIFICATION
There are eight steps to go through ISO certifrcation. These are :

t 4aEvaluationo(*isti-ryggulily.lro"g4qelsainsttheneedsorftqqgoor-os
' standar$.

-9. Identification ofQorrective action needed to confrrm with ISO-9000 series

standards.
ality management system"

d implementation of new procedure"

registrar to evaluate quality manual.

8"x5 ISO-g000 SERIES

'//The IliO-9000 series comprises the following standards :

Egjq0j_] : Quality Management and Quality Assurance
Standards-Guidelines for selection.

r---__l
f!qoj900f-]: Quality Systems-Model for Quality Assurance r:-

design/development, production, installation and servicing.

: Quality Systems-Model for Quality Assurance in productio:-
and instaliation.

: Quality Systems-Modei of Quality Assurance in fin-
inspection ancl test.

: Quality Measurement and Quahtv system elemen:.
guidelines.

[isogoo+-lLi
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Total Quality Management

These series are shown below in tabular form.
"*

8.16 ISO.9OOO ASPECTS
ISO-9000 applies to all types of organisations. It does not matter what size

they are or what they do. It can help both product and service oriented
organisation achieve standards of quality that are recognized and respected
throughout the world. Therefore, ISO purpose is to facilitate International trade
by providing a single set of standards that people everywhere would recognise
and respect.

t aspects relating to re :

of model fo{ OualitV
procedure \-

*/Selectipn factors

The selection factors are subdivided into six parts. Tnev are :

(i) Design process complexity
(ii) Desigp maturity
(iii) Production process complexity
(iv) Product or service characteristics
(v) Product or service safety
(vi) Economics

entation *

This includes the following four points :

(i) Tailoring
(ii) Review of contractual quality system
(iii) Supplementary quality assurance or quality system requirements
(iv) Technical requirements.

iill

l1 bul r t]'

t. !

Three
Models for

GSx?iQ

(auality Management :-
and Quality System Elemerrts -
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S hub ham's I nd. ustrial M anag ement

8.L7 ISO-9001, 9002, 9003 :

ISO-9001 is used where s the
demonstration or a supplier The
requirements specifred are ai at all
stages from design through to servicing.

{r f'il"i1;;}Hft#ilff'"ffiH'ff:
v\a
Ii contract between two parties require

demonstration of supplier's capability to $etect u"a-9o1r!Lolt"!r," disposition of an1-

product non-confirmity during final inspei[ion and test.

The following table shows the different clauses to be complied with for
ISO-9000 certification :

Table : ISO Series requirements

1.

2.

J.

4.

o.

6.

8.

9.

10.

11.

t2.
13.

14.

15.

16.

17.

18.

19.

20.

/-Mandatory, x-Requirernent stated butnot comprehensive,
*-not required

€,

ilt
D'

X

X

X

x

x

X

x

X

x

x

Management responsibility

Quality system

Contract review

Design control

Document and clata control

Purchasing

Customer supplied product

Product Identification and traceability

Process control

Inspection and testing

Control of inspection, measuring and test
equipment

Inspection and test status

Control of non-conforming product

Corrective and preventive action

Handling, storage, packaging, preservation
and delivery

Control of quality record

Internal quality audit

Training

Ser:vicing

Statistical techniquesLi
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Total Quality Management

B.1B ISO-9004
ISO-9004 lists out the different aspects relating to :

J.: Terminology

2. Management responsibility for quality :

(i) Quality policy
(ii) Quality objectives
(iii) Quality system ,",

(iv) Quality system principles

,."8."-Economics
4. Quality related cost considerations :

(i) Quality in marketing
(ii) Quatity in design and specification
(iii) Quality in procurement
(iv) Quality in production
(v) Control of production
(vi) Product verification

5. Control of measuring and test requirement
(i) Non-conformity
(ii) Corrective action
(iii) Handling and post production functions

-,Gu$ersonnel

10. System of handling of customer complaints
11. Quality reporting and view

8.1e QUALTTY CTRCLES tQ.C.) 4
A quality circle or quality control

y them and final solutions that would
:rprove their work life in general. The circle presents the solutions to the
=anagement and implements them approval. The circle is also responsible for
--::e review and follow-up of the implementation of the solutions.

records*7*,'Quality documentation and

--'{ Product safetj andrliability
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Characteristics of quality circles

Following are the characteristics of quality circles :

1. Quality circle is a small group of employees/workers.

2. The members are from the same work area or doing similar type of work.

3. The membership of the quality circle is voluntary.

4. Members meet regularly for about an hour every week.

5. N[embers are specially trained in problem-solving and analysis
techniques in order to play their role effectively.

6. It is not a forum to discuss demands or grievances.

7. It has management support.

8. Members meet to identify, analyse and resolve work-related problems.

9. Members resolve work related problem leading to improvement in their
total performance.

10. It is not a substitute for joint-plant councils or work committees.

11. Quality circles enrich the work lif'e of the employees.

12. Quality circle activity contributes members a self confidence when
management accept their recommendations.

13. The work also contributes to job satisfaction of members by creating a

feeling of accomplishment from identifying and solving challenging
problems.

14. Members also receive recognition in the form of momentos, certificates
and privileges. In some cases, they also share in productivity gains that
might be result of their work.

Objectives of quality circles

1. To improve mutual trust between management and employees/unions.

2. To identiff and solve work-related problems that interfere with production.

3. To tap the creative intelligence of people working in the organisation ani
make full use of human resources.

4. To improve communication within organisation.

5. To increase employees loyalty and commitment to the organisation anj
its goals.

6. To improve quality of the organisation.

7. To reduce the cost of production or services by waste reduction, safer,
and effective utilisation of resources.

8. To respect humanity and build a happy, bright and meaningfl:
environment.

The concept and philosophy of quality circle

Concept
The concept of quality

the workplace come from
circle is based on the
those who perform

fact that suggestions affectiri
the work and have a betttrLi
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knowledge of the job. The concept assumes that people closest to the problem
understand it better and also what is or is not a feasible solution.

The concept of quality circle has following three major attributes :

1. Quality circle is a form of participative management.
2. Quality circle is a human resource deveropment technique.
3. Qualitv circle is a problem solving technique.

Philosophical faundation af quality circle
1. It helps to develop in the employee a sense of belongingness towards a

particular organisation.
2. A belief that people will take pride and interest in their work if they

experience autonomy and concept over the decisions that affect them.
3. A willingness to allow people to volunter their time and effort for anv

work of the organisation.
4. Recognition of the importance of human resource development.
5. The importance of each and every member's role and function in meeting

organisational goals.

6. An involved and respected employee is a productive employee whose work
is of highest quality.

Potential benefits of quality circles

Qualitv circles pursue two types of probrems : those concerned with the
rersonal well being of the workers and those concerr) with the well-being of the
-'ompany.

worker's problems are concerned with the work itself manufacturing
rrocesses, machines, equipments handled, working condition, working
=nvironment and life.

The potential benefits of quality circles may be examined under the
:rllowing three categories :

(l\ Effect of quality circles on. irudiaid,ual emproyee's characteristics
w Enable the individual to improve personal capabilities
ffi Improve the individual's self-respect
w Help employees change certain personality characteristics. -.'
(2) Effect of quality aircles on indiuidual employee's relationship

u'ith other employees and managerial personnel
ffi Increase the respect of supervisor for employees
s Increase employee's understanding of the difficulties faced bv

supervrsors

ry Increase management's respect for employees.

\3) Effect of quality circles on. the employees and. their qttitudes
towards the company

ffi Change some employees' negative attitudeLi
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Reduce conflict stemming from the working environment
Help employees to understand better the reasons that why many
problems cannot be solved quickl

ffi Instill in the employees a better understanding of the importance of
quality.

Starting a quality cycle

For starting a quality cycle, the following steps are performed :

Step 1. Explain to employees-what is quality circle and what possibly can
be achieved by it.

Step 2. Form a quality circle.
(i) A circle, usually consisting of six to eight members.

(ii) The members should be working at the same area.

(iii) They should be interested to join the quality circle voluntarily.
(iv) Fix a day, time and venu for their weekly meeting.

Step 3. The circle formed begins work.

(a) Firsf meeting
(i) choose team leader and deputy leader
(ii) remove all the doubts of employees in this meeting

(b) Second meeting
(i) List all the problems
(ii) Identify the problem to be taken first
(iii) Conduct brain-storming session

(iv) Leader keeps on recording the minutes.

(c) Third meeting and onwards
(i) Problem analysis by members

(ii) Study the cause and effect relations (For example, if two machines are

looked after by one worker, what would be its impact and what good or
bad will happen)

(iii) Solutions recommended.

Step 4. Management contribution
(i) The management must ensure that solutions are implemented quickJ-.

once they have been accepted.

(ii) The management must give appropriate and proper recognition to the
solution.

QCC operation cycle of each problem

g

m

Each problem passes through various stages during the QCC operation cycleLi
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The steps include

1. Problem identifrcation
2. Problem selection

3. Problem analysis

4. Generate alternative solutions

5. Select best solution

6. Prepare plan ofaction
7. Present solution to management

8. Implementation
9. Review and follow-up.

Fig. (10) shows the QCC operation cycle

Fig. (10) QGC operation
b- s.; 

4

How QC cycle works

The working of a quality circle is shown in frg. (11).

Present
solution to

management

(Recorded by QC
section of plant)

Fig. (1 1) Working of a quality circle

I mprovement activities.

Planning of
mprovement

Execution of
mprovement

- QC circle grand '.
meeting of each '

QC circle grand '.,

meeting of plant .;

Circle acknowledge for
excellencd' in grand
meeting of \Li
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8.20 SIX.SIGMA
m lProcess Cro"fititr l --.| ! , tr

tity is@e uariation in prog_?1r-..gyj?ut
ra

ed to compare the output of a stable process
process specifications. After this, we make a statement about how
process meets the specifications. For this purpose, we compare the
variability of a stable process with the process specification limits.

The process-capability graph is shown in fig. (12).

d.ue to

with the
well the
natural

1

o
C
o)
fg
I

LL

120 125 '13 0
-' Diametertf a part +

Fig. (121 Process Cffi Oitity

A capable process is one where almost all the measurements fall inside the
specification.

Fig. (13) shows the graph of high process capability

120 1249 125 1251 13
Lower Upper

tolerance tolerance
limit limit

Diameter +

Fig. (13) High process capability

The graph shows that all the measurements fall within the lower tolerance
limit (LTL) and upper tolerance limit (UTL).
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Fig. (1+) shows bhe graph of low process capability

t
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0)

=u
0)

LL

Unacceptable
output

I

I

I
I Unacceptable

output

120 1249 125 1251 13

,/ Diameter \-t/\

Fig. (1a) Low process capability *
The process capability index C, is defined as

^ UTL -LTL / t.,' ' | :

where C, = process capability
UTL = upper tolerance limit *-'

LTL =lower iolerance limit d
o = standard deviation process output

Let us consider the process capability index with the following
specifications :

UTL :50, LTL = 40 and o:1

Process capability index r, :u2- lo={ = r.oo
' 6'1 6

ois a Greek o represent th
about the mean manufactur
the capabi to pr to
custotner's lled st e.,

(LTL) (U TL)

a process ur er sralrsf,rcar control.

Normal distribution
The pattern of variation of measurable characteristics such as diameter,

Iength, etc., will conforrn to the stat al distribution.
Fig. (15) shows the normal dis

LSL

-0 '1

(-3) (.?,9
Fig. (15) Normal distribution showing variation spread between + 3o

Li
br

ary
 S

tud
y M

ate
ria

l

Industrial Management: Notes

Page No  235 of 300.



S 6ub 6am' s I n du st rial M an ag ement

The property of normal distribution is that 99.73Vo of the entire output will
be within + 3o. The only 0.27Vo output remains beyond + 3o. This means if output
specification is + 3o, then the products which are out of specifications will be 27
out of 10000.

This sort of result can be expected only if middle value of the specification is
set at mean level or at the centre.

When we have started taken efforts, the chance cause of variations slowll'
start disappearing and improvements result. Now the spread of + 3o becomes
lesser as shown in frg. (16).

| >t . ,' (-3") I (*e")
I

V

Specification mean

F (-6gL + (+6o') }]
Fig. (16) Showing improvement in process and variation spread reduced to lesser than + 3o

The Six Sigma concept was developed by BiIl Smith, a famous reliabilitl'
engineer of American Company-Motorola. It is a statistical measurement of
quality product provided by the company. Today, it is synonymous with world
class. The Six-Sigma strategy is applicable to any product, process, transaction
or servlce.

To make a product defect free, it is essential to target zero-variation and
minimise the variation of a process. For the product to be built virtually defect
free, it must be designed to tolerance limits that are significantly more than + 3o
from the mean. In other words, the process spread is measured by + 3o has to be
significantly less than the spread between the upper and lower specification
limits (USL and LSL). Motorola's answer to this problem in Six-Sigma qualitl'.

aariability must be so small that specification limits are 6
eoiations from the m.ean. -)

In real world situations, the process dl'stribution will not always be centred
between the specified limits. This may shifts to the right or to the left of centred
line. It can be shown that even if the process mean shifts by as much as 1.5
standard deviation from the centre, the proportion of non-conforming will be
about 3.4 ppm (part per million). Let us compare this frgure with three sigma
figure 2700 ppm, it is observed this demonstrates the improvement in the
expected level of quality from the process.

If we consider a product containing 1000 parts and design it for six sigma
capability, then an average of 0.0034 defects per product unit (3.4 ppm) is

Specification limit
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expected, instead of the 2.7 defects expected with three sigma capability. The
cumulative yield from the process will thus be about 99.66%o-a vast
improvement over the 6.727o yield in three sigma case.

Fig. (17) shows Six-Sigma capability.

-1 .5o

34ppm

L---- Process variability ---->l'---"r+
l-6") ----------t---------- (+6o) ----------t

Fig. (17) Six-Sigma capability

Motorola assumed that the process mean would experience a 1.5 o shift
before a 3o change. Thus, six-sigma corresponds to a + 4.5 o deviation on either
side of the mean resulting in 3.4 ppm defects.

nies fras also improved their business process to a
Ievel of lffEy rr" rtle to have a few as S-a defggtifi3.4 defects in"a milli_i#!P& in"a million
opportunities to make defects. This is called as Six-Sigmq.gygllly. i

m Relationship between quality and cost t
Motorola's six-sigma process"changed ffi'e relationship between quality and

cost. Actual quality cost relationship is shown in frg. (18).

tl
d<'

Fig. (18) Actual quality-cost relationship

It is observed from the frg. (18) that as the quality increases, the cost goes

down. Thus, using 6q the quality ofthe process increases and thereby the cost of
the product decreases.

Six-sigma projects have eight essential phases recognise, define, measure,
analyse, improve, control, standardize and intergrate. The cycle is sometimes
expressed as DMAIC (define, measure, analyse, improve and control).

I
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& Units used
DPU
L,4

DPM
DPMO

PPM

PPMO

to measure defects
+ Defects per unit

gHu
fl] ['] f4

-+ Defects perrnillion
-+ Dg&g!...p*f. opportunities
-+ Parts per million .

-+ Parts per million opportunities

8.21 NCHMARKING
ing is the

t minations of your organisation to
ta or other compa-iliEStffi are

recognized as industry leaders. So.benchmarking is t ndustrial
pru"ti"", that iead to superior performanc"@".r"n-*rking can be defrned as :

;,#. Measuring your performance against that of best il-class companie$

'*mr"hnalysing how (methods) the best achieve their performance level

w Using the information as the basis for evaluating your own targets.
strategSz and aPPlications.

w Benchmarking is a tool to help you for irnproving ocesses..

-'w' Benchmarhing is the process of identifying, mderstanding and adapting
outstanding practices from organizations attywhere in the world to help
your organization improue its performance"

arhing is to mah_g* isation
th irykf&ation_fi"om al and
ex

Reasons f,or benchrnarkirrg
The key reasons for taking up the task of benchmarking are :

Advantages of Benchmarking
Following are the benefits of benchmarking :

1. It identifres the current position of the business of the' company an:
determining priorities for improving environmental performance.

2. This allo',r,s the comparisons with previous benchmarking profiies ar::
against recognised best partices and competitors.

n€,
and,
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3. Encouraging regular monitoring
continuous improvement.

4. This provides environmental
shareholders.

s.21jt -TYPES OF BENCHMARKIING

Totat Quatity Managetnent 8.27

of progress and a pr:ogramme of,

improvements to customers and

h
ts.

Standard benchmarking terms include

1. Strategic benchmarking
2. Performance benchmarking or competitive benchmarking
3. Process benchmarking
4. Functional benchmarking or generic benchmarking
5. Internai benchmarking
6. External benchmarking

7. International benchmarking

l. Strategic benchmarking. This is used where organisations seek to

€^p, p.9-r,t9qSqng.g,py examining the long;t_g,gqr strategies and
general anqr-o1ch9.q;

It Performance benchmarhing. This is used where organisations
consider their positions in relation to performance characteristics of key
products and serwice+ i

.*3. Process benchmarhing. Sfris is used when th on improving
specific critical proce-s-qgs -4nd opelqligqs;

4. Functional'benchmarhing. This is used when organisations look to
benchmark with partners drawn from different business sectors to find ways of
improving sirnilar functions.

*.6.'Internal benchmarhing. ftnis irlootres seeking om within
the same orsanisation.-l

s.-la-'# t r
&.SDxternal benchmarhing. Snis involves seeking outside

organisat are known to be the bes!.in class.

4. n nal. benchmarking. This is used where paglleLs,,are
sought from othery qountriesfThe reason is that best practitioners are located
elsewhere in the world and/or there are very few benchmarking partners within
the same country to produce valid results.

8.2I.2 BENCHMARKING PROCESS

The benchmarking process involves the foilowing activities :

l. Plan. Planning involves determining the critical success factors,
secting process for benchmarking, forming teams documenting processes and
developing performance measures.

@*+++r)*>*
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Search. Searching involves identifying benchmarking partners

Identify who will be on the benchmarking team

Ensure that there are adequate resources (people, time, funding, etc.) for

2.

(i)

(ii)
the team to achieve its goal

(iii) Providing effective projet planning tools and techniques.

3. Obserae. It involves assimilating and understanding the partners
processes, performance and practices.

4. Analyse, This includes the determination of gaps in performance and

also determining the main cause of gap.

5. Ad.opt. This includes the selection and adoption of best practices to the

companies conditions and implement changes.

The benchmarking process cycle is shown in frg. (19)

Observe r.

Fig. (19) Benchmaking process cycle

The main steps involved in the benchmarking are :

1. Identify what to be benchmarked

2. Identify comparative companies

3. Collect the relevant data

4. Determine current performance gap

5. Project (forecast) future performance levels

6. Communication of benchmark results (finding and gains)

7. Establish functional goals

8. Develop action plan

9. Implement specific actions and monitor progress

10. Recalibrate benchmarkers

11. Practices fully integrated into process.
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Fig. (20) shows a flowchart of a specific benchmarking process

Benchmarking Process

Fig. {20) Flowchart showing benchmarking process

:r;.';:1:,:.;:;x":;::.;:':lY*:i3,ll.I .' ,

tions

1. What do you mean by TQM? Define it.
2. Explain the basic approach of TQM.

3. Give the essentials of TQM focus.

4. Describe the characteristics of TQM.

5. What is the necessity of TQM?

6. Give the different pillars of TQM.

7. Describe TQM framework.

8. Explain the evolution of TQM.

9. Describe the different stages used in TQM implementation,

1 ldentify what is to be benchmarked

3. Determinq data collgction -method gnd collest data

B. Develop actionplan .) v/
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10. Name the different TQM models. Which one is more suitable for an
organisation?

11. With schmeatic representation, explain Transition TQM model.
12. Why do you think Transition model is essential in the present day context?
13. Explain giving examples why the checking process is essential in

Transition TQM model?

14. Explain the features of Integrated TQM model.

15. Describe an operational TQM model. Discuss the organisation wide
impact of TQM.

16. Give the common reasons for the failure of TQM prog'rams.

17. What is ISO-9000? Define it.
18. What is ISO-9000 series? What are the steps required to gei ISO

certificate?

19. Discuss briefly all ISO-9000 standards.

20. What are the objectives of ISO-9000? Explain the structure of ISO-9000.

21. Discuss quality circle.

22. lilhat is 6o. Discuss the six sigma capability.
23. What do you mean by benchmarking? Give the different types o:

benchmarking.

24. Discuss in detail the benchmarking process.
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i ENVIRONMENTAL ISSUES

After reading this chapter, you will understand :

Meaning of terms like environment, earth science and environmentalism

Bio-geo-chemical cycles

Climate change, Green house effect and Global warming

Ozone layer depletion

Acid Rain

Deforestation

Conservation of resources, Energy issues, Overpopulation, intensive farming and
agriculture, Land degradation, Environmental degradation, Ocean deoxygenation,
Sustainable development

9.1 INTRODUCTION

ncludes and conditions that have some r

nd devG nment iniludes both biotic (wi
rfe)-and abiotic (without life) factorSthat have influence on observed organism.
\biotic factors such as light, temperature, water, atmospheric gases combine
.,,'ith biotic factors (all surrounding living species like man, animals, plants, etc.).
-h

:o animals).
Earth science (also known as geoscience or the earth sciences), is a term for

:he sciences related to the planet Earth. There are four major disciplines in earth
sciences, namely geogr:aphy, geologSr, geophysics and geodesy. These major
disciplines use physics, chemistry, biology and mathematics to build a qualitative
and quantitative understanding of the principal areas or sph.eres of the Earth
system. Earth science generally recognizes 4 spheres, the lithosphere, the

(s.1)
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hydrosphere, the atmosphere, and the biosphere. These correspond to rocks,
water, air, and life respectively. Sometimes practitioners also include, as part of
the spheres of the Earth, the cryosphere (corresponding to ice) as a distinct
portion ofthe hydrosphere, as well as the pedosphere (corresponding to soil) as
an active and intermixed sphere.

Natural resources and physical phenomena, such as air, water and climate.
as well as energy, radiation, electric charge and magnetism are limited. These
resources are depreciating (reducing) due to human interaction and excessive
exploitation. Protection of the environment is needed because of various human
activities. The need of protecting the environment for the benefit of the natural
environment and humans, has been well recognized in the late 20th century
This has also been realized. and recognized that due to the pressures of
population and technology, the biophysical environment is being degraded.
sometimes permanently. Governments began placing restraints on activities
that caused environmental degradation. Since, the 1960s activism by the
environmental movement has created awareness of the various environmental
issues.

An important term associated with environmental issues is
enuirorumerutalism. Environmentalism is a political and social movement. It has a
goal to protect natural environment by various actions and policies oriented to
nature preservation. Environmentalism is a movement connected with
environmental scientists and many of their goals. Some of these goals are :

6) To reduce world consumption of fossil fuel (coql); The first goal oi
reducing the world consumption of fossil fuels is very important to frght against
climate change and global warming phenomenon which will be discussed in
detail later on in this chapter. Fossil (non renewable) fuels like coal, etc. are
mainly responsible for global warming. During the combustion of fossil fuels.
carbon dioxide (one ofthe greenhouse gases) gets released into the atmosphele
Reducing the emission of carbon dioxide is the most important challenge tc
successfully frght global warming.

future goal of zero pollutioru; Reducing and cleaning up pollution is also a veq;
important task. Every day we hear that air, seas, rivers are greatly polluted
Pollution creates unhealthy environment, and often causes many healt:
problems and different diseases.

(iii) Emphasis on clean, alternatiue energy sources that haue low carbo-.
emissions; Third goal is very obvious. World needs lot of energy. If we want t:
reduce the use of fossil fuels, then we should have some other alternative energ
sources to satisfy world energy needs. These alternative enerry sources such a.
wind energy and solar power have all great potential. They are also ecological;
acceptable. However, their use is still negligible on global scale and fossil fue-
are still dominant energy sources.

(iv) Sustainable use of water, land and. other scarce resources; Water :r
precious but also scarce resource that needs to be preserved for furu-
generations. Sustainable use of water, land and other natural resources -
therefore vital to enable future life on the planet.Li
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(v) Preseruation of existing endangered species; The number of
endangered species is lately increasing rapidly and many species have become
extinct in the last 50 years or so. Preservation of endangered species is important
to save number of ecosystems and to protect biodiversity of the planet.

(vi) Protection of biodiuersity: Biodiversity is important in enabling the
life on earth since, all species are connected in perfectly balanced circle. Each
have their own role. It is a fact that humans are not the only owners of this circle.
They are a small part. However this is often forgotten.

As already mentioned, the human interaction with environment and its
excessive exploitation has given rise to many environmental issues. The aim of
this chapter is to discuss these issues. Before, we actually discuss the various
environmental issues, a brief outline of various bio-geo-chemical cycles is
presented which will help us to understand these issues.

9.2 BIO-GEO.CHEMICAL CYCLES
Bio-geo-chemical cycles are global in nature. They are critical to life. Some of

the important cycles are :

(1) The nitrogen cycle is the biogeochemical cycle that describes the
transformations of nitrogen and nitrogen-containing compounds in nature. It is
a cycle which includes gaseous components.

(2) The water qtcle, also known as the hydrologic cycle, describes the
continuous movement of water on, above, and below the surface of the Earth.
Since, the water cycle is truely a"c,ycle", there is no beginning or end. Water can
change states among liquid, vapour, and ice at various places in the water cycle.
Although the balance of water on Earth remains fairly constant over time,
individual water molecules can come and go.

(3) The carbon cycle is the biogeochemical cycle by which carbon is
exchanged among the biosphere, pedosphere, geosphere, hydrosphere, and
atmosphere of the Earth.

(4) The oxygeru cycle is the biogeochemical cycle that describes the
movement of oxygen within and between its three main reservoirs : the
atmosphere (air), the biosphere (living things), and the lithosphere (Earth's
crust). The main driving factor of the oxygen cycle is photosynthesis, which is
responsible for the modern Earth's atmosphere and life.

9.3 GREENHOUSE EFFECT AND GLOBAT WARMING
(CLIMATE CHANGE)

Climate Change
-*"€@'

**-#ii@*i

Climate is inherently variable. Climate differs from place to place. It also
yaries with time. Climate chang6 is a statistical distribution
rveather over p-eriods of time that It tan
be a change in the average weather-or a change in distribution of weather

fewer extreme weatherevents around an average (for example, greater orLi
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events). Climate change may be limited to a specifrc region, or may occur acros:

the whole Earth. The climate variations occur as a result of interaction arnongs:

many external and internal processes of the Earth-atrnosphere system. The

internal processes include air-ice interaction, heat exchange, wind stress

precipitation and evaporation. The external processes include changes i:-

atmospheric compositions, changes of land features, topography, vegetatior:

solar radiation and changes of ocean basin shape and salinity.

In the context of environmental policy, climate change usually refers tr
changes in modern climate. It may be qualifred as anthropogenic (by population
chmale change, more generally known as "global warming" or "anthropogeni:
global warming" (AGW). Today, the most crucial environmental related issue i.
ilimate change or global warming.In the recent past, global observations hav=

provided a clear evirlence of climatic changes resulting from anthropogen:-
activities. The Earth's temperature has risen by 0.5"C over the past century an:
recent years have been among the hottest on record.

Human activity has influenced the climate in at least three ways :

(1) By changing the radiational properties of the Earth's surface.

(2) By venting waste heat into the atmosphere.

(3) By changing the concentration of key gaseous components of ti-.
atmosphere. Trace gases or greenhouse gases like CO2,ClO,CH.'
N2O,HOr,O3, CFCs, etc. are minor gaseous constituents of ti'+
atmosphere. However, they play a surprisingly dominant role -:
regulating the entire earth's atmosphere.

a!'{I
. .j-
I '--

f this rS' -.
" nor' :f'
,, t. T-
greenhouse effect is shown in frg. (1).

- 
Trapped IR radiation

eenhouse Effect
The Sun

Radiated IR radiation

IR radiations emitted
from earth's surface

Fig. (1) The Greenhouse effect

Sources and sinks of Greenhouse gases; A sink'is a resqrvoir ::-r
uptakes a chemical element_or compound flom anottier part of its cycle frLi
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example, soil and trees act as a natural sink for carbon. Similarly, the
atmosphere ofthe earth acts as a sink ofgreenhouse gases.

The three main sources of greenhouse gases are :

(1) Solar sources; Changes in solar constant, XIfV region, solar proton
events and changes in ozone content generate the greenhouse gases.

(i1) volcanic sources.' cl, and a number of molecular species like
COz,Hz,CHn, COs are generated when a volcano errupts.

(iii) B;otrlreric or industrial sources : CO 2,NzO, CH4 and CFCs are derived
from biospheric or industrial sources.

al Warming
Recent human

being

global )

Global warming is caused by a th-ic_k_!!g\g!_o_!ga!qes (carbon dio4ide,
methane, chlorofluorocarbon, nitrous oria-e, "t.ia"a otfr". ui. pollutants that is
building up in the atmosphere because of which the earth gets warmer. This
blanket of hot-house gases,permits the entry o_f sun rays on to the earth but does
not permit the return of reflected energy of sui.to goback to upp_eritmosphere.
Hence,_the earth gets \uarmer.

coal burning in power plants is the largest source of carbon dioxide
pollution. Automobiles are the second largest source. Application of excess
fertilizers causes emission of nitrous oxide. Garbage dumps produce methane.
Looking at the source of emission, it can be easily concluded that developed
countries are the largest sources of these gases. In fact, the United States emits
more carbon dioxide than China, India and Japan put together.

Effects ing:
:he world u cause
.park widespread migration and possibly wars. Many of global warming effects
are already being obseryed_and felt. Some'of the possible effects of global
xarming are :

lD-E{treme weather cond.itions: The temperature of earth had been rising
rt the rate of l'C per century until the is is the upper limit t,
,'''hich to adapt. After 1970s, a rate of 4"C rise per
:entury is being observed. This has lead to extreme weather conditions in most
:arts of the world. For example, in 2003 extreme heat waves caused more than
10,000 deaths in Europe a,rd more than 1,500 deaths in India.

natural greenhouse effect. The

Rcsearc have investi lbility of abrupt climate change in
.'hich sradual ming triggers a sudden shift in the earth's climate. This

the

1ay cause parts of the wo
':w years.

n-ofLi
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Rainfall and monsoon patterns could shift as the planet warms. Some of the
regions of the world could dry out while others could receive excessive
rainfall-leading to floods and increasing soil erosion.

The increase in temperature can also cause more frequent storms in many
parts of the world, including regions that have not experienced such activity in
the past.

(2)

would
would
breeding grounds of fish, shrimps and birds. Disruption of habitats such as coral
reefs and alpine meadows could d.ive many plants and animal species to
extinction.

An increase in temperature will cause the oceanF to expand. This can further
accelerate in rising sea level.

Warmer sea surface temperaturep will fuel more intense hurricanes.

(3) Water resources; Global rainfall patterps *ill 
"hurrg" 

and the water
managerfrentsiia:iqfies of different regions will have to adapt to these changes.

Droughts and floods will become more common. There are chances oi
groundwater supplies to be contaminated with sea water in several parts of the
world. Rising temperatures will increase the domestic water demand.

(4) .' There will be more chances for crop failure
and fa regions of the world. Forestry would also be

affected. Broadleaf trees could suffer as a result of drought whereas conife:
plantations are likely to become more productive. This would have serious
implications for the biodiversity of our woodlands.

(5) ; Many species, particularly plants, would bt
unable to migrate to new and suitable habitats. This could lead to rapid loss d
biological diversity and natural resources of economic importance.

(6) Over the long term, there are chances for increase =certain ans could face troublesome new pests and mo*
mosquito-borne diseases. Urban air-pollution is likely to get worse and ::r
associated ill-health effects increased.

(7) Economic uences; The disaster relief costs to governments s-J
ng the insurance claims to the insurance companies.

Measures to curb global warming : The most important contributor -.4

global warming is the g]! !9919 hgman actir-;1
It can be reduced by

'Q{Geducing use of fos,sil fuels.: CO, emissions can be cut by reducing'.,r
use of fossil fuels and utilising renewable resources such as wind, solar and h1-arr

power. Reducing fossil fuel use will also reduce emissions of methane, nitrmri
oxide and ozone.

JZfForestcttion : CO, is consumed by plants a4{treps. Hence, by
deforestation and implementing 1e ation programmgs, C_O, levels
reduced in tE6 atmosp
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(3) .' There are many simple steps an individual can take
to chec We should make conserving enerry a part of our daily
routine. For example, switch from a standard incandescent light bulb to a CFL
(compact fluorescent bulb). Also, each time we choose a compact fluorescent
light bulb over an incandescent bulb, we will lower our energy bill and keep a
large amount of carbon dioxide out of the air over the bulb's lifetime. Trees also
help in reducing carbon dioxide. Hence, we can help by taking pledge to plant and
protect trees. Remember, using CNG vehicles can also be greatly helpful in
reducing emissions.

,r$;j"
9,4 OZONE H.YER DEPLETION

Ozone is a
the str
"ozone ". Life on the Earth's surface would not be possible without the

ultra-violet radiation

e. It
vel)

(radiations below 3000
. In particular, it filters out IIV-B radiations

which are biologically,harmful and controls the heat
budget of the earth.

Basically ozone is the simple combination of three ).

Being a natural constituent of the stratosphere,
dpstrnwpd in e ewelie mAnner with soler radiations as the drivins force. In theln ic manner with solar radiations as the drivine force. In
absence of any
which the rate of its formation is equal to the rate of its destmction.

Ozone depletion refers to the chemically induced breakup of those molecules
in the stratosphere. During the 1970s, scientists began expressing concerns
about the effects that man-made chemicals such as Chlorofluorocarbons (CFCs)

had on the ozone layer. They showed that these chemicals interact with O, and
break off one of the oxygen molecules. The replacement of O, with O, and free O
molecules meant an increase in the sun's ultraviolet radiation (UV-B) reaching
the earth. Recent evidence has shown that certain parts ofthe ozone layer are
becoming thinner and ozone "holes" have developed. The consequence is that
more IJV-B ratiation reaches the earth surface. Consequently, it leads to
increasing the possibility of skin cancer and other dangers to human h'ealth.

Effects of Ozone Layer Depletion
The effects of an increase in the amount of I-IV-B radiation reaching the

Earth's surface are :

cancer, leads to, eye disease and is, a

,:#iT ::;,::'i".:';:nr".l: i:*
development of most plant varieties.

(3 rine enuironntent: IJV-B causes direct damage to young fish,
shrimp and crab larvae and other small animals. This means a reduction in frsh
stocks, marine animals and seabirds.Li
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(4) Material degradation: Many plastics suffer when exposed to W
radiation. Photochemical reactions cause the properties of such materials to
change. Thus, it shortens their useful life.

Saving the Ozone Layer
By the middle of the 1980s some countries of the world agreed to regulate the

use of ozone depleting chemicals and codifred that agreement in the form of
multilateral treaties. The Ozone Secretariat is the formal body for coordinating
state activity. S4rile the Ozone treaties have been celebrated as models of
international environmental cooperation, they have also shown the limits of
international cooperation. Because CFCs and other ozone depleting substances
are used for popular consumer items such as refrigeration and air conditioners,
underground or illegal trade in ozone depleting substances picked up where the
legal trade left off.

The result is that after twenty plus years of multilateral activity, ozone
depletion is still a problem. Assuming that the illegal trade in ozoqe depleting
chemicals can be effectively dealt with and states maintain their current
reductions in the legal use of these chemicals, scientists predict that it will take
frfty years or more for the problem to be resolved.

Saving the ozone layer requires :

(i) Planet-wide phase out of CFCs.

(ii) Developing alternative products without using CFCs.

9.5 ACID RAIN
'Acid rain" is a broad term that is used to describe various ways by whicl--

acids fall out of the atmosphere. Now-a-days, it is common to use this term tr
describe all forms of pollution associated with the burning of fossil fuel=
However, a more precise term is "acid deposition" which has two parts :

(i) Wet deposition (ii) Dry deposition
(l) Wet deposition: Snow, sleet and mist are collectively known as "$e:

deposition". Therefore, wet deposition refers to acidic rain, fog and snow. As th-=
acidic water flows over and through the ground, it affects a variety of plants a:::
animals.

(2) Dry deposition; Acidic gases, dust and smog are collectively known l.
"dry deposition". About half of the acidity in the atmosphere falls back to Ea--
through dry deposition. The wind blows these acidic particles and gases o:_::
buildings, cars, homes and trees. Dry deposited gases and particles can also :x
washed from trees and other surfaces by rain storms. In such a case these ac-=
are added to the acid rain water-making the combination more acidic than ::r*
falling rain alone.

The two most important pollutants that contribute to the formation of a:lt
rain are nitrogen oxides (I.[O, gases) and sulphur dioxide (SO2). Indust--.sr
plants and motor vehicles exhausts contains oxides of sulphur and nitro.:---"r-
When they interact with water vapour in atmosphere, sulphur acid and r:.::--Li
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acid are formed which fall on the earth as acid rain. Sunlight increases the rate ofmost of these reactions.
Pure water has a pH of 7.0. Normar rainfalr is srightly acidic having a pH of5'6' This is because carbon dioxide dissolves in water io form carbonic acid.Rainfall with a pH of less than 5.6 is called acid rain. So far the worst acid rain

has been recorded in the United States (pH 2.0. The pH of acid rain in Western
Europe can be between 4.0 and 4.E.rnMumbai, an aciditylever of 5 has been
recorded in rain water.

, A strange aspect of the acid rain is that it may occur at a different place fromthe source responsible for causing it. This is because the pollutants are carried
away by prevailing winds to some other place where pr"tipitution takes place
causing rain.

Effects of Acid Rain
The various effects of acid rain are :

(l) Effects on humqn heatth.. Recent studies have shown a strong link
between high levels of SO, in the air and i
breathing problems. These poilutants can be
dew or sleet. Many scientific studies have
elevated levels of fine particles, increased illness and premature death from
heart and lung disorders such as asthma a^d bronchitis. In short, we can say that
acid rain has decremental effect on human health.

(2) Effects on lakes, streams and aquatic rife; Acid rain has an
acidifying effect on lakes, rivers and streams. Most aquatic life is affected below apH of 4.5.

Toxic metals, leached by the acid in the soil areintroduced in the sence of toxic metals in water supplies'from ground or a health problem to all animul-lif",
including humans.

(3) Effect on ecosystems.' Together, biorogical organisms and theenvironment in which they live are caled an ecasystem. The plants and animalsiiving within an ecosystem are highiy interdependent. T-hus, as rakes and
streams become more acidic, the numbers and types of fish and other aquaticplants and animals that live in these waters decrease. This disturbs theequilibrium of ecosystems.

(4) Effects on. agriculture and forests.. Acidification changes the
brolory and chemistry of the soil. It can have adverse effects on crop yields. Acid
rain is also known to cause slower growth, injury or even death of forests.

(5) Effect on materials: Acid rain and the dry deposition of acidicparticles contribute to the corrosion of metals (such as rrorrre). It also reads toterioration of paint and stone (such as marble and limestone). These effectsluce the value of buildings, bridges, cultural objects (such as statues,
'rnuments and tombstones) and cars. Dry deposition of acidic compounds can
.'o dirty buildings and other structures. This leads to increased maintenanceLi
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Control Measures
It is clear from the above discussion that two main sources of acid rain are

the fossil-fuel based power-houses and the emissions from the transport vehicles.
The control measures for acid rain are related with the two as under :

(i) Curbing acid emissions : Serious efforts are required to reduce acid
gas emissions. This can be done by fitting desulphurisation plants to power
stations and making catalytic converters compulsory on new motor vehicles.

(il) Cleaning up smokestachs and. exhaust pipes.' Power plants can
use technologies that do not burn fossil fuels. Other options for reducing SOz
emissions are using coal containing less sulphur, washing the coal (a chemical
process) and using scrubbers. Scrubbers are devices which remove the SO,
chemically from the gases leaving the smokestack.

Similarly, catalytic converters reduce NO, emissions from cars.

(iii) 11"inf alternatiae energy sou.rces.' There are other sources of
electricity beside fossil fuels. For example, nuclear power, hydropower, wind
enerry, geothermal energy and solar enerry.

Similarly, there are alternative energies available to power automobiles.
These are natural gas powered vehicles, battery powered cars, fuel cells and
combinations of alternative and gasoline powered vehicles.

9.6 DEFORESTATION

Importance of Forests
w Forests play an integral support role in the planet. History is the witness

that forests have acted as a centre of evolutionary activity.
ffi Forests are the world's ecosystems and reservoirs of biodiversity.
# Forests influence wind, rain-fall, humidity and temperature patterns.

m They are a crucial link in the ecological chain of life-recycling water.
oxygen and carbon dioxide.

x They reduce soil erosion, flooding and air-contamination on a globa-
scale.

m Half of the world's plants, animals and insects live in forests.

re Forests play an important role in our daily lives. Food, medicine and othe:
products of our industrialised world are derived from them.

w Forests are an economic resource of a nation. They play an importar::
economic role in tolal economy of many countries. For example, fore=;
products provide the foundation of many local and national economies

Deforestation and it's effects
Forests are fast disappearing than any other natural community on Ean-

Forest land is deforested for :

ffi Farming
* Accelerated urbanisation and industrialisationLi
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x Mining
* Large scale oil exploration
@ Paper manufacture
# Creation of dams

& Cattle grazing and use of wood as fuel for cooking

Deforestation is a short-term benefit in exchange for irreversible loss. Ifthe
vegetation cover is removed, the area is exposed to erosion. It Ieaves a poor soil
due to washing out of minerals and nutrients. Without shade from the trees, the
Earth is left dry. The surrounding land floods from silt and eroded wasteland is
emptied of diversity of life.

On a regional basis, deforestation results in fertile soil loss, floods, drought,
severe climatic changes and the loss of rich habitat. On a broader basis, the
burning ofthe forests have been linked to increased carbon dioxide levels in our
atmosphere. It is second to that produced by the burning of fossil fuels.

Therefore, we need to protect our forests. Efforts in this direction have been
made throu gh affore station and. refore statioru.

Afforestation and Reforestation
Afforestation is planting seeds or trees to make a forest on land which has not

been a forest recently, or which has never been a forest. Reforestation is the
reestablishment of a forest after removal, for example, from a timber harvest.
Many countries have experienced centuries of deforestation. Some governments
and non-'governmental organizations directly engage in programs of
afforestation to restore forests and assist in preservation ofbiodiversity.

9.7 OTHER ENVIRONMENTAL ISSUES
The environmental issues discussed uptil now-Global warming, ozone

layer depletion, acid rain and deforestation are all global environmental issues.
This is because their effects and impact are world wide. There are some other
environmental issues whose impacts are regional in character. We will now
discuss some of these issues.

[I] Conservation of resources

Conservation is the usage of the resources in a manner so that they are not
depleted and the future generations are also able to get its benefit. Conservation
depend on resource use, allocation, and protection. Its primary focus is upon
maintaining the health of the natural world: its fisheries, habitats and
biological diversity. Secondary focus is on materials conservation and energy
conservation, which are important to protect the natural world. Those who
advocate or work toward conservation goals are termed conseruationists.
Different types of conservations in respect of environment are :

(l) Habitat Conseraation : The protection of the natural habitats of the
endangered areas and keepingthem as natural as possible, even though allowingLi
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access for visitors. To conserve habitat in terrestrial eco regions and stop
deforestation is a goal widely shared by many groups with a wide variety of
motivations.

(2) Cheching Poaching: The illegal killing of animals is known as

poaching. The poachers kill the animals as their parts like the furs, skin, teeth,
horns, nails, etc., are used for making clothing, minks, decorative pieces as well
as for their medicinal values. These parts can earn large sum of money.

(3) Trad.ing of Endangered Species : Endangered species are the
species which, if further reduced (by any action of nature or man) would become

extinct, 1.e., will not be available on the earth or in a part of the earth. Various
governments are also taking harsh actions against traders of endangered
species.

[II] Energy issues

There are many environmental issues relating to energy with the largest
being climate change due to the burning of fossil fuels and the direct impact of
gr:eenhouse gases on the Earth's environment. In recent years there has been a
trend towards the use of various renewable energy sources. Global warming and
climate change due to human activity is generally accepted as being caused b1-

gas emissions. The majority of these emissions are due to burning of fossil fuels
with most of the rest due to deforestation.

(a) Fossil fuel use.' The three fossil fuel types are coal, petroleum and
natural gas. It was estimated by the Energy Information Administration that in
2006 primary sources of energy consisted of-petroleum 36.87c, coal 26.6cr.
natural gas22.97c, amounting to an867o share for fossil fuels in primary energ\
production in the world.

The burning of fossil fuels produces around 21.3 billion tonnes of carbor,
dioxide per year. It is estimated that natural processes can only absorb about har:

of this amount. So there is a net increase of 10.65 billion tonnes of atmospheri-
carbon dioxide per year (one tonne of atmospheric carbon is equivalent to 3 .

tonnes ofcarbon). Carbon dioxide is one ofthe greenhouse gases that enhance.
radiative forcing and contributes to global warming. This causes the avelag.
surface temperature of the Earth to rise in response, which causes major adver.;
effects. On the other hand, natural gas is the cleanest fossil duel. It produces fa-
fewer pollutanbs than other fossil fuels. But, natural gas itself is a greenhor-rs.

gas far more potent than carbon dioxide when released into the atmospher=
However, it is generally released in smaller amounts.

(b\ Firewood : Direct burning of wood as an energ"y resource is knou'n '-
firewood. This is probably the most ancient energ'y suppliant. Unsustaina-: .

firewood harvesting can lead to loss of biodiversity and erosion due to loss -

forest cover. The graveness of the situation can be understood by the example .

Africa, the continent with the largest forest area. Earlier Africa boasted se'...:
million square kilometers of forest but now a third of that has been lost, mos:
it as firewood.Li
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Thesolutiontoenergyproblemliesinsearchingandd.evelopingalternative
energy sources, for example, biofuel' B

fuel obtained from relatively lifeless o

from fossil fuels, which are derived fro

various plants and plant-derived materials are

Biofuels are a renewable energy. They are sustainable (carbon neutral) in terms

ofgreenhousegasemissionssince'theyareinthecarboncycleforashortterm.

[III] Over-PoPulation
Thetermover-populationreferstotherelationshipbetweenthehuman

population and its environment and t
*h"r" an organism's numbers exceed

OverpoPulation does not dePend

population' but on the ratio ofpopulati 
usecl and distributed throughout the

sparsely populated areas to be overpo

meager or non-existent capability to

The resources to be considered whe

is overpopulated include clean water,

resources necessary to sustain life' Ift
may be d,

Sewageoverpopulationplacescompetitivestress
on the leadinglo a diminished quality of life'

M ethods t o ov et c ome ov erp opulat ion

(1.)Birtllregulationpolicies:overpopulationisrelatedtotheissueofhirth
control. There ur"-"goulr.rment regulutitrr. or laws which enforces people

regarding birth contril. Some nations, like china, use strict measures to reduce

birth rates. Religious and ideological opposition to birth control has been cited as

a factor contributing- to o"eipop'iutio" and poverty' Some leaders and

environmentalistshavesuggestedthatthereisanurgentneedtostrictly
implement a China-like on"-!.-hild policy globally because this would help control

and reduce PoPulation graduallY'

(1i) Ed.ucation anil empowerntent : One of the options is to focus on

ed,ucation unort o,,".fop'lutio", family planning' and birth control methods'

and to make birth-control devices easily available'

[IV] Intensive farming and intensive agriculture

lntens is an agricultural production sy erized bv

ihe high tal, labour, or heaq' usage of such as

oesticides fertilizers relative to land area' forms of
t;;;;;; 

crop based agricutture involve the use of mechanical ploughing,

-.hemical fertilizers, ftait growth regulators and/or pesticides' It is associated

|ith the increasing ,r." oi agiicultural mechanization, which has enabled aLi
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substantial increase in production. However, it has also dramatically increased
environmental pollution by increasing erosion and poisoning water with
agricultural chemicals.

Intensiue animq.l farming practices can involve a very large number of
animals raised on limited land which requires large amounts of food, water and
medical inputs (required to keep the animals healthy in cramped conditions).
Very large or confined indoor intensive livestock operations are often referred to
as Factory farming and are criticized due to the low level of animal welfare
standards and associated pollution and health issues.

Disadvantages of IntensivB agriculture and intensive farming
# It alters the environment in many ways.

& Limits or destroys the natural habitat of most wild creatures, and leads to
soil erosion.

s Use of fertilizers can alter the biolory of rivers and lakes.

x Pesticides generally kill useful insects as well as those that destroy crops.

ffi Is often not sustainable if not properly managed. This may result in
desertification, or land that is so poisonous and eroded that nothing else

will grow there.
m Requires large amounts of energy input to produce, transport and app11-

chemical fertilizers/pesticides.
m The chemicals used may leave the field as runoff eventually ending up ir-

rivers and lakes or may drain into groundwater aquifers.

m Use of pesticides have numerous negative health effects in workers whc

apply them, people that live nearby the area of application c:
downstream/downwind from it, and consumers who eat the pesticide=

which remain on their food.

Preventive Methods
(a) Crop rotation.' Crop rotation or crop sequencing is the practice -,

growing a series of dissimilar types of crops in the same space in sequent:'
seasons. This results is various benefits such as to avoid the build up .,:

pathogens and pests that often occurs when one species is continuously croppe:
Crop rotation also seeks to balance the fertility demands of various crops :1

avoiding excessive depletion of soil nutrients. A traditional component of cr-:
rotation is the replenishment of nitrogen through the use of green manure -:
sequence with cereals and other crops. It is one component of polyculture. Cr-,r

rotation can also improve soil structure and fertility by alternating deep-roo::r
and shailow-rooted plants.

(b) Water use efficiency : Optimal water efficiency means minimiz-::,t
losses due to evaporation, runoff or subsurface drainage. An evaporation pan :'an

be used to determine how much water is required to irrigate the land. F-:,:c
irrigation, the oldest and most common type, is often very unever- E

distribution, as parts of a freld may receive excess water in order to de-:-,s
suffrcient quantities to other parts. Overhead irrigation, using centre-pir''-: rLi
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.ateral-moving sprinklers, gives a much more equal and controlled distribution
:attern. The inadequacy ofwater affects negatively but even the excess running
'.r'ater causes soil erosion.

(c) Nutrient aud.its.. Better nutrient audits allow farmers to spend less

tr1oney on nutrients and to create less pollution. As less nutrient is added to the

=oil, there is less rrrn off to pollute'

(d) Weed. control; In agriculture, large scale and systematic weeding is

-rsually required. This is often performed by machines such as cultivators or

.iquid herbicide sprayers. selective herbicides kill specifrc targets while leaving

:he desired crop relatively unharmed. These chemicals directly affect the plant

hormone and the environment. Solutions include :

H using cover crops that out-complete weeds and/or inhibit their

regeneration.
m using a different herbicide. '

m using genetically altered crop to be herbicide resistant through

horizontal gene transfer.

m using locally adapted seeds that resists, tolerates or even out-competes

weeds

m ploughing
& ground cover such as mulch or plastic

ffi manual removal

(e) Terrqce farming.. In agriculture, a terrace is a leveled section of a hilly

cultivated area, designed as a method of soil conservation. It is done to slow or

prevent the rapid surface runoff of irrigation water. often such land is formed

into multiple terraces, giving a stepped appearance. This method is very effective

in rice plantation.
(f) Rice padd.y: A paddy field is a flooded parcel of arable land used for

growing rice and other semi aquatic crops. They can occur naturally along rivers

J, -urrh"r, or can be constructed, even on hillsides, often with much labour and

materials. They require large quantities of water for irrigation, which can be

quite compl"" io, a highly developed system of paddy frelds. Flooding provides

water essential to the growth of the crop. It also gives an environment favourable

to the strain of rice being grown, and is hostile to many species of weeds.

This is in contrast to many tbrms of sustainable agriculture such as organic

farming or extensive agriculture. They involve a relatively low input of materials

and labour, relative to the area of land farmed. They also focus on maintaining

long-term ecological health of farmland, so that it can be farmed indefrnitely.

[V] Land degradation
Land. d.egrad,a1ion is a concept in which the value of the biopi:i'r'sica.

environmentls affectedby one or more combination of human-induced processes

acting upon the land. It is viewed as any change or disturbance to the land

p"r""I.,r"d to be undesirable. Natural hazards are excluded as a cause. However,Li
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human activities can indirectly affect phenomena such as floods and bushfires. It
is estimated that up to 407o of the world's agricultural land is seriously degraded.

Couses and effects of land degradation
w Land clearance, such as clear cutting and deforestation
m Overgrazingby livestock can lead to land degradation
x Agricultural depletion of soil nutrients through poor farming practices

ffi Inappropriate Irrigation and over drafting
m Urban sprawl and commercial development
w Land pollution including industrial waste

m Vehicle off-roading
ffi Quarrying of stone, sand, ore and minerals

The main outcome of land degradation is a substantial reduction in the
productivity of the land. The major stresses on r,rrlnerable land include :

w Accelerated soil erosion by wind and water
ffi Soil acidification and the formation of acid sulfate soil resulting in barren

soil

& Soil alkalinisation owing to irrigation with water containing sodiurn
bicarbonate leading to poor soil structure and reduced crop yields

SoiI salination in irrigated land requiring soil salinity control to reclain:
the land

re Soil water logging in irrigated land which calls for some form o:
subsurface land drainage to remediate the negative effects.

x Destruction of soil structure including loss of organic matter

[VI] Environmental degradation
Enuironmental degradation is the deterioration of ihe environment througt

depletion of resources such as air, water and soil. This may lead to the
destruction of ecosystems and the extinction of wildlife. It is defined as an'.'
change or disturbance to the environment perceived to be undesirable. Wher-
natural habitats are destroyed or natural resources are depleted, environment i=

degraded.

The degradation of environment causes illnesses and premature deaths. I:
vast improvements are made in human health, millions of people will be livin;
longer. In the poorest regions of the world, an estimated ll million children (1.1'.

crores), or about one in five, will not live to see their fifth birthday, primari--.
because of environment-related diseases like malaria, acute respiratoq.
infections or diarrhea-illnesses that are largely preventable.

Couses of environmental degradation
** Rapid population increase

m Unsustainable resource useLi
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ffi Poverty due to which people destroy the forests, wildlife, soil, grasslands
and water supplies to meet their daily requirements

'& Environmental management with inadequate knowledge
w Non-inclusion of environmental cost in market price of goods

[VII] Ocean deoxygenation
Ocean deoxygenatirug is a term that has been suggested to describe the

expansion of oxygen minimum zones in the world's oceans as a consequence of
anthropogenic emissions of carbon dioxide. In a more generic terminolog5, it may
ce referred as 'ocean suffocation', 'ocean oxygen deprivation', 'decline in ocean
rxygen', 'marine deoxygenating', 'ocean oxygen depletion' and 'ocean hypoxia'.
-\loxic waters are a natural phenomenon. They are areas of sea water or fresh
'*'ater that are depleted of dissolved oxygen. This condition is generally found in
:reas that have restricted water exchange. In most cases, oxygen is prevented
:rom reaching the deeper levels by a physical barrier (sill) as well as by a
:ronounced density stratification, in which, for instance, heavier hyper saline
',r-aters rest at the bottom of a basin. Anoxic conditions will occur if the rate of
-,ridation of organic matter by bacteria is greater than the supply of dissolved
rxygen.

Anoxic conditions result from several factors. For example, stagnation
:onditions, density stratification, inputs of organic material, and strong thermo
:Iines. The bacterial production of sulfide starts in the sediments, where the
: acteria frnd suitable substrates, and then expands into the water column.

When oxygen is depleted in a basin, bacteria flrrst turn to the second-best
=iectron acceptor, which, in sea water, is nitrate. Denitrifrcation occurs, and the
,--itrate will be consumed rather rapidly. After reducing some other minor
=-ements, the bacteria will turn to reducing sulfate. If anoxic sea water becomes
:eoxygenized, sulfide will be oxidized to sulfate.

[\1II] Sustainable Development
The term "development" is generally used to describe a set of activities

:.itiated by humans to enhance the quality of life. These activities have an
-:rpact on environment, economy and the society's structure. Any major change
,: one or more of these components backfires and often the goals of activities
---itiated for human welfare become unachieved.

Sustainable deuelopmenl is a pattern of resource use that airns to meet
:lman needs while preserving the environment so that these needs can be met
:.,t only in the present, but also for future generations to come. Sustainable
:.r'elopment is development that "meets the needs of the present without
: mpromising the ability of future generations to meet their own needs." The
:-.ld of sustainable development can be conceptually broken into three
r rstituent parts : environmental sustainability, economic sustainability and
":iopolitical sustainability.

\l Environmental Pollution
This is one of the most important environmental issues. We wilt discuss it in

:ail in next chapter.Li
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:"r'r'r'"

EVIEW estions

1. What are the various bio-geo-chemical cycles? Discuss their importance in
brief.

2. Explain the greenhouse effect. What are greenhouse gases?

3. Discuss the causes, effects and measures used to curb global warming.

4. Distinguish between greenhouse effect and global warming.

5. What are the causes and effects of climate change?

6. Explain the phenomenon of ozone layer depletion.

7. List some measures to protect/save the ozone layer.

8. How is acid rain formed? What are its effects and how it can be prevented?

9. What are the effects of deforestation?

10. What is the difference between afforestation and reforestation?

11. Narrate the causes of environmental degradation.

12. Discuss the principles of sustainable development.

13. Discuss the various emerging energy issues in detail.

14. Defrne environment and discuss major environmental irsues.

15. What are the threats to the environment?

16. Write short notes on :

(a) Conservation of resources

(b) Enerry issues with respect to environment
(c) Effects of overpopulation on environment
(d) Intensive farming and intensive agriculture
(e) Land degradation
(fl Environmental degradation
(g) Ocean deoxygenation

trtrD
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ENVI RONMENTAL POLLUTIO N

After reading this chapter, you will un.derstand :

ffi Contributors and major forms of environmental pollution

m Air pollution-its sources, effects and control

w Water pollution

ffi Chemical and Biological treatment of waste water
ffi Solid waste management

ffi Noise pollution and its control

ffi Land or soil pollution-its causes and effects

10.1 INTRODUCTION
Pollution is the introduction of contaminants into a natural environment.

lhis
:hysi I
.ubstances or ene.g5r, such as noise, heat, or light. Pollutants are the elementiof
:ollution. Trhey car\ be foreign sribstan
'Ihen they are naturally occurring, the
=-xceed natural levels.

Pollution is the introduction of a

I disasters. Pollution has a detrimental
.ffect on any living organism in an environment, making it virtually impossible
:o sustain life. The dan a result of undesirable
:hanges in the physical, chemical and bi istics of air, and
;i-ater. Pollution can be na or man-made.

r categories :

w Physical ffi Chemical w Biological
Besides the above, there are some minor categories like radiological, etc., but

:hey are site specific.

(10.1)
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The agents or substances that cause pollution are known as pollutants.
Pollutants can be broken down into simpler compounds by the action of
microbes. These are known as biodegradable pollttants, e.9., agricultural and
kitchen waste. Pollutants that do not break down from the action of microbes
into simpler compounds are known as non-biodegradable pollutants, e.g..
pesticides, DDI plastics, aluminium foils, etc.

Contributors to Pollution
Some of the main contributors to pollution are :

w Chemical and nuclear plants
e Industrial factories
w Oil refineries
m Human sewage

m Oil and antifreeze leaking from cars

w Mining
m Littering
ffi Overcrowded landfills
m Deforesta[ion
ffi Construction debris

m High population density
ffi Increased standard ofliving
The importance and magnitude of the causes of pollution varies fron:

situation to situation and place to place.

Major forms of Environmental Pollution
The major forms of pollution are :

w Air pollution.' This is caused by the release of chemicals ani
particulates into the atmosphere. Common gaseous air pollutants include
carbon monoxide, sulfur dioxide, chlorofluorocarbons (CFCs) and nitroger
oxides produced by industry and motor vehicles. Photochemical ozoue ani
smog are created as nitrogen oxides and hydrocarbons react to sunlight

w Water pollution.' Pollution by the release of waste products anc
contaminants into surface runoff into river, drainage systems, leachin-_-

into groundwater, liquid'spills, wastewater discharges, eutrophicatior
(increase in quantity of nutrients) and littering.

w ,Ay'oise pollution.' which encompasses roadway noise, aircraft noise
industrial noise as well as high-intensity sonar.

w SoiI pollution. occurs when chemicals are released by spill cr
underground leakage. Among the most significant soil contaminants art
hydrocarbons, heavy metals, herbicides, pesticides and chlorinatec
hydrocarbons.

w Light pollution includes light trespass, over-illumination an:
astronomical interference.

I
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w Littering.' spreading of unwanted waste articles.
w Radioactiae pollution, resultingfrom 20th century activities in atomic

physics, such as nuclear power generation and nuclear weapons research,
manufacture and deployment.

ffi Therrnal pollution is a temperature change in natural water bodies
caused by human influence, such as use of water as coolant in a power
plant.

ffi Visual pollution refers to the presence of overhead power lines,
motorway billboards, scarred landforms (as from strip ririning), opeh
storage of trash or municipal solid waite.

The aims of the chapter is to d-iscuss thl major forms of. environmental.
pollutions and their control in detail.

lorz AIR POLLUTION
Our earth is surrounded by air on all sides. It is invisible and the area

cov o
bre e

pre sphere which are injurious to human
health and other naturalenvironmental proce-sses.

The occurrence of wastes in the atmosfhere of one or additional
contaminants in excess and long period is harmful to human health, animals
and plant life. Air pollution can cause health ploblems and it can also smash up
the atmosphere and material goods.

Natrye'of Air Pol lutants
Lfhere are two types of air pollu[ants :

(i) Particulate matteJ (ii) Gaseous

Particulates are s-ill solid or liquid substances in the air resulting mostly
from fuel combustion aiid industrial processes. The gaseous air pollutants result
from combustion processes in industries. Examples of gaseous air pollutants are
carbon dioxide, carbon ironoxide, sulphur compounds; chlorine, oxid.es of
nitrogen, etc.

Sources of Air Pollution
Air pollution results from a multiplicity of causes. Modernization has led to

air getting more and more conta4inated over the yeais. Industries, vehicles,
increase in the population, bnd urlanization are some of the most important
factors for increase in air pollution. The industries like thermal power plants,
cement, steel, refineries, petrol chemicals, and mines, etc. give off a great deal of
pollutants into the air. Natural sources can also cause air pollution. Dust storms
in desert areas and smoke from forest fires and grass fires have a-say to chemical
and particulate pollution of the air. The source of pollution may be in one place
and its effects may be felt in another place.Li
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I{ence, it can be concluded that the main causes of air pollution are
Industries, automobiles, power production, burning of fossil fuels and
insecticides.

Major air pollutants, their sources and their effects are summarized in table I.

Ozone
A colorless gas that is the
major constituent of
photochemical smog at the
Earth's surface. In the
upper atmosphere

Ozone is formed in the
lower atmosphere as a
result of chenrical reactions
between oxygen, volatile
organic compounds, and
nitrogen oxides in the
presence of sunlight,
especially during hot
weath-er. Sources of such
harmful pollutants include
vehicles, factories, landfrlls,
industrial solvents, and
numerous small sources
such as gas stations and
farm and lawn equipment.

Automobiles, buses,
trucks, small engines and
some industrial processes.
High concentrations can be
found in confined spaces
like parking garages,
poorly ventilated tunnels,
or along roadsides during
periods of healy traffic.

Result of burning fuels rn
utilities, industrial boilers,
cars and trucks.

Ozone causes significant
health and environmental
problems at the Earth's
surface, It can irritate the
respiratory tract, produce
impaired lung function and
cause throat irritation,
chest pain, cough and lung
inflammation. It can also
reduce the yield of
agricultural crops and
injure forests and other
vegetation. Ozone is the
most injurious pollutant to
plant life.

Reduces the ability of blood
to deliver oxygen to vital
tissues, affecting primarily
the cardiovascular and
nervous systems. Lower
concentrations have been
shown to adversely affect
individuals with heart
disease; higher
concentrations can cause

dizziness, headaches and
fatigue.

One of the major
pollutants that causes
smog and acid rain. Can
harm humans and
vegetation when
concentrations are
suffrciently high.

These microscopic
particles can affect
breathing and respiratory
health, causing increased
respiratory disease and
lung damage and possibll'
premature death.

(stratosphere), however,
ozone is beneficial,
protecting us from the
sun's harmful rays.

Carbon Monoxide
Odourless and colourless
gas emitted in the exhaust
of motor vehicles and other
kinds of engines where
there is incomplete
fossilfuel comhustion.

Nitrogen Dioxide
Light brown gas at lower
concentrations; in higher
concentrations becomes an
impor:tant component of
unpleasant-looking brown,
urban haze.

Partieulate Matter
Solid matter or liquid
droplets from smoke, dust,
fly ash and condensing
vapours that can be
suspended in the air for
long periods of time.

Industrial processes,
smelters, automobiles,
burning industrial fuels,
wood smoke, dust from
paved and unpaved roads,
construction and
agricultural ground
breaking.

I

Table I : Major Air Pollutants
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Sulfur Dioxide
Colourless gas, odourless
at low concentration but
pungent at very high
concentrations.

Emitted largely from
industrial, institutional,
utility and
apartment-house furnaces
and boilers, as well as
petroleum refineries,
smelters, paper mills and
chemical plants.

Transportation sourees
using lead in their fuels,
coal combustion, smelters,
ca! battery plants and
combustion of garbage
eontaining lead products.

Chemical plants, industrial
processes, motor vehicle
emissions and fuels and
building materials.

Industrial household
refrigeration, cooling and
cleaning processes, car and
home air ionditioners,
some Iire extinguishers
and plastic foam products.

The rrain man-made
source of carbon dioxide
emissions is fossil fuel
combustion for enerry-use
and transportation.
Methane comes from
landfills, cud-chewing
livestock, coal mines and
rice paddies. Nitrous oxide
results from industrial
processes, such as nylon
fabrication.

One of the major
pollutants that cause
smog. At hiCh
concentrations, can also
affeet human health,
especially among
asthmatics and acidify
Iakes and streams.

Elevated lead levels can
adversely affect mental
development, kidney
function and blood
chemistry. Yorrng children
are particularly at risk.

Known or suspected to
cause cancer, respiratory
effects, birth defects and
reproductive and other
serious health effects.

Increased exposure to uV
radiation could potentially
cause an increase in skin

Lead
Lead and lead compounds
can adversely affect human
health through either
ingestion of
Iead-contaminated soil,
dust, paint or direct
inhalation.

Toxic Air Pollutants
Includes pollutants such as

arsenic, asbestos and
benzenes.

Stratospheric Ozone
Depleters
Chemicals such as
chlorofluorocarbons
(CFCs), halons, carbon
tetrachloride, and methyl
chloroform. These
chemicals rise to the upper
atmosphere where they
destroy the protective
ozonelayer.

Greenhouse gases

Gases that build up in the
atmosphere that may
induce g1obal climate
change or the "greenhouse
effect". They include
carbon dioxide, methane
and nitrous oxide.

cancer, cataracts,
suppression of the human
immune response system
and enYironmental
damage.

The extent ofthe effects of
climate change on human
health and the
environment is still
uncertain, but could
include increased global
temperature, increased
severity and frequency of
storms and other "weather
extremes," melting of the
polar ice cap and sea-level
nse.

7O.2..I EFFECTS OF AIR POLLUTION
Air pollution has both severe and never-endin

Health effects range fro
system to persistent respiratory ailment, heart disease, lung cancer and death.Li
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Specifrc effects of air pollution are :

$,lTobacco smoke; contains carbon monoxide; tar and nicotine which
increases the risk oflife threatening diseases such as heart attacks and can cause
cancer.

(ii) Decomposing garbage and open sewers; Decomposing garbage gives
out methane and open sewers emit hydrogen sulphide. Open garbage and sewers
are breeding ground for mosquitoes, flies, germs and other harmful bacteria.

(lil) Piosonous gases r from factories and chemical plants cause respiratory
diseases. /

Acid Rain.' When acidic gases dissolve in the moisture in the air, acids
are formed. The acids fall on the earth as 'acid rain' and pollute the fresh water
resources.

,(y) Mining actiuities' : Rock particles, smelters, coal and mineral dust
caude lung and respiratory ailments.

S*t Uarbon nlonoxlde an(
brain and organs like kidney.

'yr) Carbon monoxide arud lesd :: from exhausts of motor vehicles affect the

_ , (vii ) Ozone Depletion effect : CFCs destroy the protective ozone layer and
Ie-t in harmful ultraviolet rayS, causing skin cancer and affecting plant life.

ki1|) Smoke from Burning fuels and oil rigs : Smoke is a mixture of soot
and acidic gases. It causes global warming and impure air. Smoke contains
harmful substances which causes cancer.

) Green house effect.' Increasing carbon dioxide in the atmosphere due
to industrial activity and trurning of fossil fuels traps more heat, changes the
climate, melts the polar ice caps and submerges coastal areas.

4x') Automobile exhaust : It is one of the major sources of air pollution in
big cities. The exhaust contains carbon dioxide, carbon monoxide, sulpfiur
dioxide, lead, particulate matter and polarity burned hydro carbons. They are
called pollutants. All these pollutants are highly harmful to human health.

Asthma is caused by ailergic reactions to pollutants in the air. Air pollution
may show the way to several diseases in the human beings such as allergic
reaction, asthma and lung diseases. Asbestosis is an allergic reaction to the
occurrence of silica and asbestos in the air'.

IO.2-2 AIR POLLUTION CONTROL
Air pollution can be controlled by the following ways :

(1) Plants suck in carbon dioxide and breathe out oxygen. Air pollution car
be reduced by planting more trees in our neighbourhood. More trees should be

planted, so that people get fresh, clean and more oxygen. Cutting of tree shoulc
be completely banned.

(2) The vehicles such as cars, scooters, auto rickshaws, trucks, buses, etc
that ply on the road are increasing drastically on a day to day basis. All these
vehicles run on fuel like diesel or petrol. When the fuel from these vehicles burn.
in the engine, a lot of harmful smoke is released in the air. In big cities th=
number of auto vehicles is very high. Thus, large amount of smoke -ryhich i.

I
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hateful to the nose, harmful to the brain

Smoke contains many poisonous gases

ral gas. Thjs fuel causes minimum

o.yIn metro cities like New Delhi'

Mumbai, etc.

harmful gases clo not come in contact w

(4) Waste accumulation
Many flY and insecLs breed

diseases like Diarrhea andM
can be re-used or re-cYcled'

(5)TreatmerfiofAirPollution-iruInd,ustries:Airborneparticlescanbe
removed from a polluted airstream by a variety of physical common

types of equipment for collecting frne particulateslnclude crubbers'

electrostatic pr""ipiluto.s, and 
"tagrrc,r.e frlters. once co rticulates

adhere to each other, forming agglom

equipment and disposed off, usually

hazardous-waste incinerators' They

particles.

10,2.3 POLLUTION CONTROL DEVICES

[I] Electrostatic PreciPitator
Electrostatic precipitation is a co

electrodes, a dust clean-out system'

much as 100,000 volt) is aPPlied

particles, which then are attracted to o

which theY become traPPed'

Ad.uantages" Electrostatic precipitators are preferred over other

particulate removal process becauseLi
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m They are economical to operate.
ffi They provide high efficiency (near gg%o).

w They are dependable and predictable.
ffi They do not produce a moisture plume.
Disaduantages :
# They cannot be used with moist flows, mists or sticky or hygroscopic

particles.

w They must be heated during start up and shut down to avoid corrosion
from acid gas condensation.

re Performance is inhibited since water droplets can insulate particles and
reduce their resistivities.

[II] Wet scrubber

The objective of the scrubber-is to entrain the particulate matter in water
droplets. Wet scrubbers trap suspended particles by direct contact with a spray of
water or other liquid. In effect a scrubber washes the particulates out of the dirty
airstream as they collide and are entrained by the countless tiny droplets in the
spray'. The principle of a wet scrubber is shown in frg. (1). subsequently, the
water flows from the bottom of the scrubber. The particulate is allowed to settle
and clarified water is re-circulated.

e.*

-i-?
Fig. (1) Principle of scrubber

Aduarutage.' compared to dry particulate removal process, scrubbers
provide advantages ofreduced explosion risk and quenching ofhot gases.

Disaduantage; They present the disadvantage of having to settle the
particulate and manage a wet sludge.

Several configurations of wet scrubbers are in use. In a spray-tower
scrubber, an upward-flowing airstream is washed by water sprayed downwards
from a series of nozzles. The water is re-circulated after it is suffrciently cleaned
to prevent clogging of the nozzles. Spray-tower scrubbers can remove g0 percent
of particulates larger than about 0.0008 mm (0.0003 inch). The other types are
cyclones and venturi scrubbers.

[III] Cyclone separator

A cyclone separator removes particulates by causing the dirty airstream to
flow in a spiral path inside a cylindrical chamber. Dirty air enters the chamber
from a tangential direction at the outer wall of the device, forming a vortex as it

;1 n ,---.-
/water\

a \arop/

A
stream
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swirls within the chamber. The larger particulates, because of their greater
inertia, move outward and are forced against the chamber wall. Slowed by
friction with the wall surface, they then slide down the wall into a conical dust
hopper at the bottom of the cyclone. The cleaned air swirls upward in a narrower
spiral through an inner cylinder and emerges from an outlet at the top.
Accumulated particulate dust is periodically removed from the hopper for
disposal. Fig. (2) shows a cyclone separator.

Fig. (2) Cyclone Separator

Cyclones are best at removing relatively coarse particulates. They can
routinely achieve effrciencies of90 percent for particles larger than about 20 pm
(0.0008 inch). By themselves, however, cyclones are not suffrcient to meet
stringent air quality standards. They are typically used as precleaners and are
followed by more effrcient air-cleaning equipment such as electrostatic
precipitators and baghouses.

[IV] Bag House

One of the most efficient devices for removing suspended particulates is an
assembly of fabric filter bags, commonly called a baghouse. A typical baghouse
comprises an array of long, narrow bags-each about 25 cm (10 inches) in
diameter-that are suspended upside down in a large enclosure. Dust-laden air
is blown upward through the bottom of the enclosure by fans. Particulates are
trapped inside the frlter bags, while the clean air passes through the fabric and
exits at the top ofthe baghouse.

A fab$c-frlter dust collector can remove very nearly 100 percent of particles
as small as 1pm (0.00004 inch) and a signifrcant fraction of particles as small as
0.01pm (0.0000004 inch). Fabric filters, however, offer relatively high resistance
to airflow and they are expensive to operate and maintain. Additionally, to
prolong the useful life of the frlter fabric, the air to be cleaned must be cooled
(usually below 300'C [570'F]) before it is passed through the unit; cooling coils
needed for this purpose add to the expense. (Certain filter fabrics---+.9., those
made of ceramic or mineral materials----can operate at higher temperatures.)

Clean air
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several compartments of frlter bags are often used at a single baghouse
installation. This arrangement allows individual compartments to be cleaned
while others remain in service. The bags are cleaned b5, mechanical shakers or by
reversing the flow of aiq and the loosened particulates are collected and removed
for disposal.

.3 WATER POLLUTION
In addition to clean air, all living organisms, animals and plants call for a

clean water supply in order to continue to exist. It is thought that earth contain
lots of water but merely a small amount pf it i's fresh water that we can use. Day
by day we are polluting our water in the same way *" 

"ripoll 
rting our air.

Surface waters u.d th" natural assets of the Earth. They are found on the
peripheral ofthe Earth's outer layer and take account ofthe oceans, rivers and
lakes. These waters can become contaminated in a number of ways, and this is
called surface water pollution-

Water pollution may be defrned as the addition of any material to a natural
body of water which diminishes the optimal economic use of the water by the
population which it serves.

Water is polluted by. four kinds of substances :

(i) traditional organic waste .

(ii) waste.generated from,industrial processes

(iii) chemical agents of fertilizers and pesticides
(iv) silt from degraded catchments.

10.3-1 SOURCES OF WATER POLLUTION
The sources of water pollution are classified into two types :

(1) Point source pollution (2) Nonpoint source pollution
(l) Point source pollution.. If the pollution is e, well

Point source pollution is discllarged into thb environment through pi s

or ditches from specific sites such as factories or sewage treatment plants.
(2) Nonpoint source pollution.. If the pollution comes from many

called nonpoint source pollution. This type of pollution is caused by follutants
are
and

from the atmosphere via rain water. Soil and groundwater contain the residue of
fertilisers, pesticides and improperly disposed off industrial wastes. It also
includes agricultural run-off, mining wastes, urban wastes and construction
sediments. Soil erosion is a major source of non-point source pollution.
Non-point source discharges are much more diffrcult to identify. Consequently, it
is more difficuit to regulate and control them. Therefore, non-point source
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discharge control strategies require improved management practices to reduce
the potential for pollution from occurring.

1.0.3-2 MAIOR CONTRTBUTORS TO WATER POLLUTTON
Some of the main contributors of water pollution are :

w ,Fhctories
w Rgfineries .

m Waste treatment faciiities
w Mining
m Pesticides, herbicides and fertilizers
m Human sewage

m Oil spills
'# Failing ieptic systems

ffi Soap from washing cars

s Oil and antifreeze.leaking from cars

ffi Household chemicals

x Animal waste

When harmfui substances such as oil and chemical wastes come in the
waterways either through accidents or through being deliberately dumped, they
are soon carried away by the flow of the river. They are really not so easy to
remove. As a river makes its way to the ocean, a number of different chemicals
can enter its waters. Harmful chemicals can enter rivers and lakes from any
number of sources. For example, they can dribble out of dumpsites or pesticides
and fertilizers may draw off from farmlands or they may find their way into
manure that is pumped from local towns and cities.

One of the most destructive forms of water pollution is from oil. Oil spills
frorn ships and oil tankers at sea cause overwhelming water pollution and harm
flora and fauna. These events receive lots of attention on television and from
ecological groups that work towards shielding our mother earth. However, these
spills only correspond to a small percentage of the total amount of oil that
contaminates our water. Tankers dump oil into oceans as part of their custom
cleaning, refineries pump oily wastewater into surface water and oil from city
streets are washed into storm drains that sooner or later enter our waterways.

When people rinse materials down the drain, flush their toilets or do a load of
rvash, the wastewater usually goes to sewage treatment plants to be purified.
T'hese plants will then remove dirt, eco-friendly materials such as food waste and
a number of other pollutants before the water reach our waterways. However,
nrost treatment plants can't remove all the chemicals that are used in products
such as paint thinners or phosphates that are used in many detergents. These
:ubstances end up passing right through the sewage treatment plant untreated.

Other sources of water pollution include the grime and garbage from the
.treets that are washed into stolm drains, In most areas these storm drainsLi
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vacant into underground pipes that will sonner or later dump directly into our
lakes, rivers and oceans.

The condition in India is even more critical as large number of small cities,
towns and villages do not have any treatment facilities and the disposal is totally
disorganized which makes the treatment almost impossible. In house technology
or appropriate technology is required to be developed.

10.3-3 CAUSES OF WATER POLLUTION
Some of the main causes of water pollution are :

(1) Farmers use quantities of chemicals, fertilizers and pesticides which are
far more than what is actually required by the crops. This is because of false
thinking or belief that more use of these will give better crops or will kill the
harmful insects faster, etc. Farmers also make use of chemicals to smooth the
progress of the growth of the crops. Either way these chemicals percolate into the
ground water or run off into a lakes, rivers and creeks causing water pollution.
The farmer's land which is irrigated are treated by means of chemicals in the
form of fertilizers or pesticides becomes a most important contributor to water
pollution.

(2) Industrial processes generate poisonous waste containing heavl-
chemicals. When heavy metals filter into the water, they are lethal to marine life.
Human being are also effected by consuming the polluted fish, etc., leading to
disease and sometimes death. The heary metals in the water have also been
associated to severe birth defects, a damaged or covered up immune system.
cance! fertility problems and developmental troubles in kids.

(3) The building industry also pollutes huge part of our water resources with
cements, lubricants, plastics and metals. Rivers and lakes are also polluted from
silts and remains than run off into the rivers and lakes from a range of building
sites.

(4) Ground water pollution occurs when chemicals, debris, garbage, oil or
other damaging contaminants enter the ground water supply. Major natura-
events such as storms, earthquakes, acid rains, floods and volcanic eruption=
have been known to interrupt the ecological system and contaminate the earth.

(5) The growth of algae owing to food items, urea in the water source is alsc
a cause of water pollution. When algae grow in water they use rnore oxyger-,
causing other living organisms in the body of water to suffer. The course of actio:--

of pollution begins with tiny organisms that pass through the food chain throug::
birds, marine creatures and in due course through humans. These types of alga;
are known to be piosonous for the reason that they are measured to be causin:
fatalities in humans. Even over-growths of non-toxic type of algae can in actua-
fact block the sunlight from entering the water's surface, which makes it difficu.:
for marine life to find food, sooner or later causing death.

(6) Littering on the land or on the water is an additional source of wate:
pollution. Debris thrown on the land in due course makes its way into the stor=
drains and then returns to surface water. Ships and boats discharging humr,
wastes and chemicals into the water directly are cleanly speeding up ti.:
procedure of water pollution.Li
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10.3-4 ADVERSE EFFECTS OF WATER POLLI]TION
The environment and human beings feel the pinch of polluted water. Water

pollution affects our rivers, lakes, oceans and drinking water. With the increase
in population and industrial development, demand for water has also increased.

water is said to be polluted when chemicals, harmful contaminants are
detected. Human being have the most crucial impact on our water resources.
Moreover, the need for water is far more in the society today than the quantity of
water available. Some water pollution effects show up immediately whereas
others do not show up for months or years.

The effects of water pollution are :

(1) The water pollution has damaged the food chain and is very important
, for the food preparation of plants through photosynthesis. When Filth is thrown
in water the toxins travel into the water. When the animals drink that water they
get contaminated and when humans tend to eat the meat of the animals infected
by toxins it causes further damage to the humans.

(2) Infectious diseases such as cholera and typhoid can be contracted from
drinking contaminated water. our whole body system can have a lot of harm if
polluted water is consumed regularly. Other health problems associated with
polluted water are poor blood pressure, vomiting, skin lesions and damage to the
nervous system. In fact the evil effects of water pollution are said to be the
leading cause of death of humans across the globe.

(3) Pollutants in the water alter the overall chemistry of water, causing a lot
ofchanges in temperature. These factors overall have had an adverse effect on
marine life and pollutes and kills marine life. Marine life gets affected by the
ecological balance in bodies of water, especially the rivers and the lakes.

Water pollution effects have a huge impact on the health of an individual and
the environment as a whole. The balance between the nature and the humans
can be protected and should be maintained. But it will take efforts on all fronts
by each and every individual from the society to prevent and eliminate water
pollution locally and globally.

10.4 WATER POLLUTION CONTROT
with a wide variety of types of water pollution, a single action will not be

enough to ward off all pollutants. Prevention starts with awareness and
continues with a dedicated effort to not only prevent further contamination but
also clean up the present pollutants.

The various ways to control water pollution are :

(1) The problems linked with water pollution have the capabilities to
disturb life at an individual level as well as on a greater level for the planet as a
whole. Government bodies have approved laws in trying to combat water
pollution. This acknowledges the fact that water pollution is without doubt a
serious issue which needs to be addressed at the earliest. But the government
single-handedly cannot get to the bottom of this problem. It is up to us to be
well-versed and act.Li
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(2) We must become familiar with our local water resources and learn about
ways for disposing household wastes efficiently, so that they do not end up in
sewage treatment plants that cannot handle them or landfills not planned to
accept the dangerous materials.

(3) We must take dynamic participation and straighten out on whether
supplementary nutrients are needed before fertilizers are applied and look for
alternatives where fertilizers may I'un off into surface waters.

(4) We should take care of existing trees and plant new shrubs and trees to
put a stop to soil erosion and promote penetration of water into the soil. At an
individual level around our houses we have got to keep waste, pet squander,
leaves and grass clippings out of gutters and storm drains. These are just a small
number of the many ways in which humans can take remedial action against the
water pollution problem.

(5) By being conscious ourselves and educating our younger ones and
siblings, we can help to battle water pollution.

(6) Various engineering and technical measures can be used for waste water
treatment for controlling water pollution.

1.0.5 WASTE WATER TREATMENT
Natural water in contact with foreign matters during either industrial

process or domestic use, becomes polluted. Such polluted water is termed as

wqste waten The used-up community water is called domestic waste water.
whereas the effluent discharged from the industry is called industrial waste
water. The removal of excessively accumulated matters from the waste water is

known as treatment.
The matters incorporated into the waste water may be either organic or

inorganic in nature depending upon the sources of the wastes. The effluents
generated from industries like diaries, distilleries, tanneries, paper
manufacturing units, oil refineries, vegetable and fruit processing units, sugar
industries and fertilizer producing units are rich in organic contents. The wastes
produced from municipalities and corporations are also rich in organic matters.
The industries manufacturing cement, steel, alkali, generate effluents whicl:
contain relatively higher proportion of inorganic matters. The effluents with
high organic matters are biodegradable and are usually accompanied by ven
high BOD (bio-chemical oxygen demand) values, causing environmenta-
pollution. On the other hand, the inorganic wastes are poor in BOD but rich ir-
valuesof COD (chemical oxygen demand). They do not produce colour, odour ani
other environmental nuisance.

Types of Treatments
There are two types of waste water treatments :

(l) Chemical Treatrnent.' The chemical treatment include=
coagulation, flocculation and sedimentation. Treatments through sand an:
pressure filters, iron removai, defluoridation and other such type of treatment=
are the examples of chemical treatment.
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(2) Biological Treatment : Biological treatment is of two types :

i) Aerobic Treatment; A treatment is which purification is carried out by
aerobes in presence of molecular oxygen. It is a natural biological
degradation and purification process in which bacteria that thrive in
oxygen-rich environments break down and digest the waste. Trickling
filter, activated sludge process, oxidation pond, extended aerated lagoon
are the examples of aerobic biological treatment.

61) Anaerobic Treatment : A treatment where purification of the waste is
achieved by anaerobes in complete absence of molecular oxygen. The
need ofoxygen for anaerobic treatment is satisfred by the oxidation ofthe
oxygenated compound, e.9,., SO 

2 , NO n , etc., where the oxygen is locked in
cbmbined forms. Anaerobic treatment is a complex biochemical reaction
carried out in a number of steps by a complex consortium of
micro-organisms that require little or no oxygen to live.

The differences between a-erobic and anaerobic treatment processes are
shown in frg. (3).

Bio solids Bio solids

Qrganic
matei + 02 Organic

rnater

CO2 + g16 CH4 + 69,

Aerobic treatment Anaerobic treatmenl

Fig. (3)

10.5-1 CHEMICAL TREATMENT OF WASTE WATER
As already mentioned, flocculation, sedimentation and frltration are

different parts of a chemical treatment. Public water supply, especially from
surface water, often involves the chemical treatment methods. Surface raw
water is generally purified by slow sand or rapid sand filters.

Primary, Secondary and Tertiary Treatment
(l) Primary treatment.' Primary treatment involves the screening out

of the large suspended or floating matters, e.g., wood, hairs, etc. Suspended
matter of smaller size of non-biodegradable nature is removed by maintaining
the optimum velocity of 12 m/sec in the screening channel. The suspended
matters are allowed to settle in the primary sedimentation tank. Suspended
solids present in the municipal sewage generally settle down without any aid of
coagulants. Industrial wastes often need addition of some chemicals as
coagulants. The most commonly used coagulants are alum and lime. The
optimum dose for such coagrrlants is determined in jar test. Lower or higher
concentrations of coagulants achieve coagulation and sedimentation to theLi
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desired level. Sometimes, additional chemical aid is added. The application of

Fuller's earth as coagulant aid in case of the effluent produced from oil refiner-r'

industries is a well experimented examples. Besides, clay, bantonites, activated

carbon and ploy-electroll'tes are commonly used as coagulant aids. The

sedimented water is further led to another joining chamber, which is technicalll-

known as secondary treatment unit.
(2) second.ary treatrnent : In secondary treatment the whole contents

are thoroughly aerated in order to produce a settleable bio-mass' The settled

bio-mass considerably brings down the BOD load from 400 parts per million

, particularly in s The finall1'

,tdury treatment within the
(0 ppm) Iimit an anY water

course.
(3) Tertiary treatment.' Further treatment is needed- If the effluent

contains an objectionable proportion of phosphate and nitrogen, which

ultimately stimulates the growth of the plankton in the receiving water bodies'

Tertiary treatment consists of different processes like :

m Coagulation
ffi Filtration
w Coprecipitation
m Membrane seParation Processes

re Adsorption, etc.

Sooner or later this modifred treatment facility, i.e., tettiaty treatment is

likely to be introduced in larger part of the country'

Notes :

m The untreated sewage ln general has sS (suspended solids) and BoD ratio 400 :

30.

m Efficiently treated sewage after primary treatment has SS : BOD ratio of 150 : 200

e After secondary treatment, the same has SS : BOD ratio of 30 : 20

m The effluent after tertiary treatment is expected to have the ratio of SS and BOD

equal to 10: 10.

w ln terms of nutrients removal, 5 to 15% of nutrients are removed by primary

30 to 50% of nutrients are removed by secondary treatment process

The tertiary treatment takes fudher care of the remaining nutrients in the partially

treated effluents

1,O.5-Z BIOLOGICAL TREATMENT

are now discussed.

w,
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Criteria for the Application of Aerobic and Anaerobic Biological Treatment

The problem is to decide as to whether aerobic or anaerobic treatment would
be applied for the waste which have BOD and COD ratio higher than 6. Before
finding the frnal solution of the problem let us turn our attention towards the
conditions for both types of the biological treatments :

(i) When the ratio of BOD : N : P being equal to 100 : 50 : 1, the waste is ideal
for aerobic treatment. When the ratio of BOD : N : P is 100 : 2.5 : 0.5, then
it is good for anaerobic treatment.

(ii) Wastes of relatively higher strength should go for anaerobic treatment. It
becomes more significant in case of wastes associated with intensive
odour. Furthermore, less sludge (digested and non-offensive matter) and

/ less space with practically no environmental odour problems are required
, t during anaerobic treatment process.

(iii) The localities with high ground water tables are not suitable for
anaerobic treatment. Areas -away from habitation with sufficient
availability of land are suitable for aerobic treatment. For regions with
frequent power failure, anaerobic treatment is preferable. The energ'y
produced during the process of the anaerobic treatment may be utilized
for domestic purpose. Bio-gas plants are popular examples of the utility of
anaerobic treatment.

Monitoring the Efficiency of the Biological Treatment Plant

To run the anaerobic treatment plant efficiently, following parameters need
to be regularly and carefully monitored :

(i) The concentration of volatile acid must vary in the range of 200-400 ppm
for proper digestion. The concentration of propionic acid (a member of
volatile acid with three carbon atoms) in no case should exceed 100 ppm.

(ii) The pH should be maintained around 7.0, otherwise methane producing
bacteria will die out.

(iii) The ratio of volatile acid and bicarbonate alkalinity should be 0.4. A value
above 0.8 indicates grave situation. In such cases, buffering capacity is
required to be increased by adding lime in suitable proportion.

The effrciency of the aerobic treatment plant is judged on the values of food
to microbes (FM) ratio and sludge volume index (SVI). Mixed liquor suspended
solid (MLSS), Mixed liquor volatile are determined in the laboratory to ascertain
F/M ratio and SVI values. The mathematical formulae for FM and SVI are given
below :

(i) F/IVI ratio
BOD orCOD of effluent (g/-3) x Flow rate of influent (m3/d)

Aeration tank volume (m3) x MLVSS (g/mS)

The results obtained for FiM, generally ranges between 0.05 to 0.15 for
extended aerated tank, 0.2 to 0.5 for conventional treatment plant and 1.5 to 5
for modified aeration tank-which are considered satisfactory.Li
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(ii) Sludge Volume Index (SVI) =
Settled sludge (mI) x 1000

MLSS (mg/l)

The values for SVI equal to 50 are considered to be excellent, b0 to 100 good,
100 to 150 satisfactory and above 150 is an indication of severe bulking of the
settled sludge. A process in which the settled sludge from the bottom comes over
the surface of effluent is known as bulking of the sludge. The SVI values are
brought to the lower side by increasing the recycling ratio (R) for which MLSS
must be maintained between 0.25 and 1. Sometimes, bulking is controlled by
maintaining 5 to 60 ppm of residual chlorine. Alternatively, the bulking is
reported to be maintained at the minimum in the antibiotics producing industry
by applying Bordeaux mixture at a concentration of 10 to 20 ppm. Bordeaux
mixture is the mixture of copper sulphate and lime in equimolecular ratio.

Types of Biological Treatment

Trickling filter, activated sludge, oxidation ponds, etc., are the examples of
biological treatment plants.

(l) Trichling Filter (TF) : The bioiogy of TF is as under :

(i) The dominant aerobic bacteria present in TF are generally gram
negative.

Fungi are normally outnumbered in 8 : 1 ratio by bacteria, most
abundant at the top 15 cm. The heterotrophic bacteria and ftrngi are
responsible for the primary oxidation of the effluent. The autotrophic
bacteria tend to be dominant in the lower layers of the ftlter, i.e.,
nitrosomonas oxidizes NHn to NO, and nitrobacter oxidizes NO, to NO,.
Algae are commonly found but have very little role in the process of waste
purification. When present in large numbers, they may reduce the
efficiency of the filter bed.

(iv) Protozoa are present in similar proportion as fungi. Among them, the
ciiiates are usually the most numerous. The major role of the protozoa is
to remove bacteria so as the clarify the effluent.

(v) A diverse grazing fauna is also present in percolating filter viz. rotifers.
nematodes and lumbricid worms. These micro-invertebrates produce a

much better effluent owing to its grazing activity by preventing the
accumulation of too much of film and increase in the oxygen diffusion. It
is shown that the respiration of the macro-invertebrate community ma1-

be responsible for between SVo (in rvater) and l0% (in summer) of the
total CO, dissipated and this is a valuable contribution to the purification
of waste in biological filter.

The development of community depends upon the depth of the bed, time
to the year and the composition of the waste to be treated. For example.
fungi perform better than bacteria at low temperature in acid media and
in waste water with high organic content.

(ii)
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(vii) Trickling filters have found to reduce salmonella, paratyphi by 84-99Vo

and enteric virus by 40-60Vo and cysts of entamoeba histolytica by
88-89%, while waste stabilization ponds result in further loss of the
pathogens.

(2) Actiaated Sludge.' The ecological condition of activated sludge
differs from that to trickling filter in the following'manner :

Bacteria are gram-negative (similar as that of trickling filter). Fungi are not
usuaily dominant, though they may grow profuesly if bacteria are inhibited often
when industrial effluent is present. Fungi may cause 'bulking'. Protozoa are
present in richer proportion than that of percolating filters. The protozoa are
kno{r to be available in activated sludge as high as 50,000 cells/ml.

Aduantages of activated sludge process systems are :

Flexible scale

w Effective removal of organics and about 97Vo of suspended solids

ffi Effective oxidation and nitrification
ffi Biological nitrifrcation without the addition of chemicals
w Biological phosphorus removal
ffi Solidsiliquids separation
m Stabilisation of sludge

Disaduantages of activated sludge process systems are :

& Does not remove colour from waste water
w Does not remove nutrients, tertiary treatment is necessary

& Problems in removal of well-settled sludge.
(3) Oxid.ation pond
w These ponds are shallow lagoons with an average depth of 1 m. The

retention period for settled sewage varies from2 to 3 weeks. Raw sewage
of waste may be retained up to 6 months.

ffi This offers an excellent example for symbiosis process of bacteria and
algae.

ffi The oxidation pond does not only purify the waste but also serves to
provide energy. The algae have a solar conversion efficiency of 3-57c. tkg.
of algae may produce 116 tons of energy. One unit of oxidation pond could
fertilize 10-50 acres of agricultural land. As much as 50 to 60 tons/hec/yr
of algae on dry basis can easily be obtained in an Indian oxidation pond.
About 407c, of nitrogen of the waste is recovered in the oxidation pond by
algae.

Role of Microbes in Sludge Digestion and Disposal
The sludge produced by primary and secondary treatment processes is taken

to the sludge digestion tank where it is decomposed an aerobically. The role of
anaerobic bacteria is to convert the high putrescible raw sludge into a table andLi
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disposable product, which neither gives rise to offensive smells nor attracts
harmful insects or rodents. There are three stages in the process of digestion.

(i) Hydrolysis which involves the formation of long chain fatty acids, amino
acid and disaccharide.

(ii) Acid formation that results in the production of fatty acid, alcohol,
aldehyde, ketone, together with ammonia, carbon dioxide. Hydrogen and water.

(iii) The third stage is known as gasification stage in which the formation of
methane by methanoic bacteria under favourable conditions occurs. The
digestion takes place in a close tank at 27-35"C for 7-30 days. Further, it is done
in open tank for 20-60 days. For effective digestion, volatile acid (VA) propionic
acid, bicarbonate alkalinity (BA), etc., should be properly maintained upto
maximum desirable limits which have earlier been shown in the preceding
column. The sludge produced in the process is good fertilizer and improves soil
aggregation. However, the germination of barley and some other grasses were
found to be inhabited in presence of sewage sludge. This may be due to the
production of inhibitors, i.e., ethylene or ammonia or both caused by lowering of
oxygen in the soil, following intense microbic activity.

fi,( SOLID WASTE MANAGEMENT
Rapid and widespread industrial development, unplanned urbanization,

regular flow of persons from rural to urbaq areas and improper and inadequate
action of the authorities entrusted with the work of pollution control and
environmental protection have largely contributed to unhealthy and degraded
environment. This all, in turn, affected the quality of life of the large number of
persons. Unplanned and alarming rate of urbanization has given rise to many
environment related problems, such as problem of health and hygiene, sewage,
disposal of solid waste, air, water and land pollution, slums, housing, basic
amenities and others. Apart from air and water pollution problems, most
gigantic problem which modern cities and industries are facing is the solid waste
disposal problem.

The 'solid waste' can be defined as-'Any
t, or air pollution and

com .' --
Waste management is the collection, transport, processing, recycling or

disposal and monitoring of waste materials. The term usually relates to
materials produced by human activity, and is generally undertaken to reduce
their effect on health, the environment or aesthetics. Waste management is also
carried out to recover resources from it. Waste management can involve solid,
liquid, gaseous or radioactive substances, with different methods and fields of
expertise for each.Li
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It is important to ascertain the nature of waste whether it is biodegradable
or combustible in handling and disposal. Combustion and landfrll method of
disposal further gives rise to problems like air, water and land pollution,
affecting adversely the health of the man, and flora and fauna. Apart from
household, office waste, the waste from industries within the cities have become
a threatening problem now-a-days. Waste from industries using chemicals and
synthetics, biomedical waste are dangerous too.

Waste management practices differ for developed and developingnations, for
urban and rural areas and for residential and industrial producers. Management
for non-hazardous residential and institutional waste in metropolitan areas is
usually the responsibility of local government authorities, while management
for non-hazardous commercial and industrial waste is usually the responsibility
of the generator.

Elements of Waste management
Solid waste management typically involves at least six functional elements :

(l) Generation rate.' Generation rates of wastes are used to evaluate
reuse, recycling feasibility, processing and disposal requirements.

(2) On-site hand.ling, storage and, processing.' This is simply the
on-site preparation of the waste for reuse, recyclipg or disposal. For example, in
our homes we may separate recyclables from other wastes.

(3) Collection : This is the physical gathering of waste. It may vary from
the garbage collection from homes to collection of toxic chemical wastes from
industry.

(4) Transfer and transport.' This implies the consolidation of collected
waste for bulk transport to a processing, recovery or disposal facility.

(5\ Processing and. recouery.' These are the activities which are
employed for recovery of waste as raw materials or eners/ or preparation of
wastes for disposal

(6) Disposal: This is the ultimate fate of non-reusable and
non-recyclable wastes. Incineration and landfrlling are the two common disposal
alternatives.

Controlling pollution due to solid-wastes
As discussed above, there are a lot of wastes which are harmful for the

environment like Industrial end product, household, e-waste, plastics, sewage,
nuclear waste, fumes, etc. When these enter the enviroment and get in contact
with the air, water or soil, they cause various pollutions. The best way to control
this type of pollution is :

(1) Stop the usage of articles which cause such waste.
(2) Reduce the usage ofnon-biodegradable products.
(3) Research for biodegradable replacements.

(4) Recycling.Li
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I\4ETHODS OF DISPOSAL

[I] Recycling

from general waste usi and collection vehjc]qs, or sorted
directly from mixed'waste streams.

The most common consumer products,recycled i-nclude aluminium beverage
cans, steel food and aerosol cans, HDPE pd PET bottles,'glass bottles and jars.
paperboard cartons, paper {or newspape{s, magaziries, and corrugated
frberboard boxes. PVC, LDPE, PP and PS are also recyclable, although these are
not commonly collected. These items are usually composed of a single type of
material, making them relatively ease to recyclg into 

*new 
products. The

recycling of complex products (such as computers and electronic equipment) is
more difficult, due to the additionai dismantling and separation required.

Waste materials that are organic in nature, such as plant material, food
scraps and paper products can be recycled using biological composting and
digestion processes to decompose the organic matter. The resulting organic
material is then recycled as mulch or compost for agricultural or landscaping
purposes. In addition, waste gas from the process (such as methane) can be
captured and used for generating electricity and heat (CHP/cogenaration)
maximizing efficiencies. The intention of biological processing in waste
management is to control and accelerate the natural process of decomposition of
organic matter.

There are large variety of composting and digestion rnethods and
technologies varying in complexity from simple home compost helps, to small
town scale batch digesters, industrial-scale enclosed-vessel digestion of mixed
domestic waste (see Mechanical biological treatment). Methods of biological
decomposition are differentiated as being aerobic or anaerobic methods, though
hybrids of the two methods also exist.

Anaerobic digestion of the organic fraction of MSW Municipal Solid Waste
has been found to be in a number of LCA analysis studies to be more
environmentally effective, than landfrll, incineration or pyrolisis. The resulting
biogas (methane) though must be used for cogeneration (electricity and heat
preferably on or close to the site of production) and can be used with a little
upgrading in gas combustion engines or turbines. With further upgrading to
synthetic natural gas it can be injected into the natural gas network or further
refined to hydrogen for use in stationary, cogeneration fuel ce1ls. Its use in fuel
cells eliminates the pollution from products of combustion (SOx, NOx,
particulates, dioxin, furans, PAHs...).

The energy content of waste products can be harnessed directly by using
them as a direct combustion fuel, or indirectly by processing them into another
type of fuel. Recycling throug'h thermal treatment ranges from using waste as aLi
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fuel source for cooking or heating, to anaerobic digestion and the use ofthe gas

fuel (see above), to fuel for boilers to generate steam and electricity in a turbine.
Pyrolysis and gasification are two related forms of thermal treatment where
waste materials are heated to high temperatures with limited ox5,gen

availability. The process usually occurs in a sealed vessel under high pressure.
Pyrolysis of solid waste converts the material into solid, liquid and gas products.
The liquid and gas can be burnt to produce enerry or refrned into other chemical
products (chemical refinery). The solid residue (char) can be further refined into
products such as activated carbon. Gasifibation and advanced Plasma arc

electricity and s.team. An alternative to lyrolisis is high temperature dnd
pressure supercritical water decomposition (hydrothermal monophasic
oxidation).

Ad.aantages of recycling are :

(l) Saaing energy; It takei less enerry to process second hand suppli-es

than it does to ,rr" .rrirgit materials. For example, it takes a lesser amount'of
energ)'to recycle paper from waste material than it does to make paper from new
woodland. There is no longer a need to cut down a new tree, process the wood and
craft it into paper.

Energy from non-renewable income is protected and saved for future
generations, money is saved when less power is used and time and again
pollution and emissions are reduced when less energy is used.

(2) Sauing Money and. Land Space.' Recycling reduces litter in landfill
sites, which cuts down on the cost of throw away disposal and the clearing of
more land for new landfrlls when the up do date landfrlls turn out to be too full to
store any more waste. Recycling is a simple option to clearing more land for new

landfills. For example, composting, recycling kitchen waste and back garden
waste into compost provides revenue of free nourishing soil for crop growing.
Recycling would allow us to use again the materials over and over again.

(3) Air Pollution and, Water Pollution.' Decomposing waste over and
over again releases ngxiogs gases.and chemicalq as it d-ecopposes at la5rdfrll sites.
These gas and,chemicals form air pollution. When the chemicals percolate into
the groundwater this creates water pollution and our water is infected. Imagine
how much toxic waste we could prevent if as an alternative of landfills we had

recycling centres. We could take in cleaner air and drink cieaner water.

(4) Additional Benefits.' Recycling also preserves wildlife. When
smaller amount of trees are cut down to make new material or to put together
space landfills, environment for wildlife remains. More habitats for animals
stand for less animal extinction.

Despite what some may say, recycling is imperative and it can make a

difference. We possibly will not be proficient to solve our landfill and pollution
problems anytime almost immediately, but at least are capable to help to keep
them from getting worse.Li
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[II] Landfill

Disposing of waste in a landfrll involv d this remains a
.o--on practice ih mosl-countries. established in
abandoned or unused quarries, mining voids or borrow pits. A properly designed
and well-managed landf,rll can be a hygienic and relatively inexpensive method of
disposing of waste materials. older, poorly designed or poorly managed landfills
can create a number of adverse environmental impacts such as wind-blown titter,
attraction of vermin and generation of liquid leachate. Another common
byproduct of landfiIls is gas (mostly composed of methane and carbon dioxide),
which is produced as organic waste breaks down anaerobically. This gas can
create odour problems, kill surface vegetation, and is a greenhouse gas.

Design characteristics of a modern landfill include methods to contain
leachate such as clay or plastic lining material. Deposited waste is normally
compacted to increase its density and stability, and covered to prevent attracting
vermin (such as mice or rats). Many landfills also have landfill gas extraction
systems installed to extract the landfrll gas. Gas is pumped out of the landfrll
using perforated pipes and flared off or burnt in a gas engine to generate
electricity.

[III] Incineration

Incineration is a disposal method in which sol4_qfgAUic_wastes are subjecled

solid waste to 20 to 30 percent of the original volur4e. Incineration and other
high tempeiature waste treatment systems are sometimes-described as "thermal
trehtment". Incinerators convert waste materials into heat, gas, steam and ash.

Incineration is carried out both on a small scale by individuals and on a large
scale by industry. It is used to dispose of solid, liquid and gaseous waste. It is
recognized as a practical method of disposing of certain hazardous waste
materials (such as biological medical waste). Incineration of a controversial
methoc of waste disposal, due to issues such as emission of gaseous pollutants.

Incineration is common in countries such as Japan where land is more
scarce, as these facilities generally do not require as much area as landfills.
Waste-to-energy or energy-from-waste are broad terms for facilities that burn
waste in a furnace or boiler to generate heat, steam and/or electricity.
Combustion in an incinerator is not always perfect and there have been concerns
about micro-pollutants in gaseous emissions from incinerator stacks. Particular
concern has focused on some very persistent organics such as dioxins, furans,
PAHs,... which may be created within the incinerator and afterwards in the
incinerator plume which may have serious environmental consequences in the
area immediately around the incinerator. On the other hand this method or the
more benign anaerobic digestion produces heat that can be used as energy.Li
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10.7 NOISE AND IT'S CONTROL
Noise is any undesirable sound. It is a disturbance to the environment.

Sounds are well thought-out noise pollution if they unfavourably have an effect
on natural world, human activity, or are competent of destructive physical
structures on a customarSr, repeating starting point. In the broadcast sense of the
expression, a sound may be painstaking noise pollution if it disturbs any
ordinary course of action or causes human harm, even if the sound does not take
place on a habitual basis. Prolonged introduction to noise levels higher than
eighty-five decibels can damage inner ear cells and show the way to hearing loss.

The customary starting place of noise pollution is from transportation. In
rural areas, train and airplane noise can upset natural world way of life. Thereby
they affect the manner in which animals in areas around train tracks and
airports live. In urban areas, automobile, motorcycle, and even amusement noise
can cause sleep interference in humans and animals, hearing loss, heart disease
as a result of stress and even meirtal flux. Even low levels of noise can be
maddening or annoying. Sudden increases in volume can make sounds
aggravating-this is why sirens are so disturbing. The quieter the environment,
the sharper a noise can be.

Causes of Noise Pollution

Noise pollution is a silent cause of death and much community concern has

not been created on the effect of noise on both workers in the industries in
particular and the public in the community at large. Noise is a significant
environmental contaminant that spoils our air, water and soil. It has the
capability to destroy bridges and develop cracks in the buildings. The noise can

also cause skin and mental diseases. It has been found that noise is a technolory
generated problem and on the whole noise doubles every 10 years keeping pace

with our social and industrial progress.

s Environmental pollution has been largely affected due to noise pollution
each day. The noise pollution in the different parts of the city increases in
and around work places and homes. The noise levels reach a peak in the
twilight areas when people are off to work hours as traffic too reaches at
peak.

m In India the problems caused by noise pollution are further provoked in
view of the fact that there are scarcely any celebrations, festivals,
marriage or religious functions where there is no use of loud speakers at a

very high pitch for long period of time.

ffi In offices too there is noise pollution owing to the clicking of typewriters,
bells, telephones, clattering office machines and conversations.

w On the roads noise pollution occurs due to rising number of'automobiles
each day. Screeching of tyres, squealing breaks and sirens honking atLi
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highest de'cibels possible are all factors that add violently and at length to
noise pollution.

re Blaring televisions and radios are another major factors contributing
noise pollution in India.

ffi The other most important problem adding to the existing problem of
noise pollution is that the profit-making and the industrial units are
either not very far from the inhabited areas or from time to time they are
setup in the residential areas itself.

w Machinery, motors and compressors used in the industries creates a lot of
noise which adds up to bhe harmful state of noise pollution. Boilers,
generators and conditioners add to the previously established noise
pollution.

m To meet the demands of the basic requirements of living the structure of
highways, buildings and' city streets causes a lot of noise. Air
compressors, bulldozers, loaders, dump trucks and concrete workers are
the major sources of noise pollution in construction sites. Though, not a
most important reason industrial noise adds to the noise pollution.

Effects of noise pollution on human health
Noise pollution can have disastrous effects on human life. Each and every

one knows that noise can be very disturbing. Children who are out in the open to
noise may have hearing and even reading impairment. Those working in loud
office environments have been found to be less cognitively motivated, and tend to
have higher stress levels. The most serious problem associated with noise
pollution is the disastrous impact it has on our nervous system which perhaps
reduces our response to fight back against the drastic pollution. One of the major
health eft'ects of noise pollution is chronic stress and the high levels of irritation.

As a result, noise pollution has also been linked with increasing health
problems irr the society with life threatening diseases such as heart diseases.
high blood pressure and stroke Noise pollution disrupts the sleep pattern of an
individuai by preventing sleep and troublemaking sleep cycles. The ear-piercing
noises in most high population cities must in no way be unclerestimated. The
consequences cannot be gauged at an early stage, but its drastic effects car:
disrupt in the future for sure.

Noise Control
The soiution to noise pollution may include one or a combinafion of the

following measures :

(1) source control .' This may include source modification such as
acoustic treatment to machine surfaces, design changes, limiting the operationa-_
timings and so on.Li
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(2) Transmission path interaention : This may include containing the
source inside a sound insulating enclosure, construction of a noise barrier or
provision of sound absorbing materials along the path.

(3) Receptor control: This includes protection of the receiver by
altering the work schedule or provision ofpersonal protectoin devices such as ear
plugs while operating noisy machinery.

The above control measures can be implemented by damping, absorption,

dissipation and deflection methods. Common techniques involve constructing
sound enclosures, applying mufflers, mounting noise sources on isolators and by

using materials with damping properties. We can trim down noise in our home

considerably by installing dual-paned windows, weather stripping and even

added padding. As an additional benefit, these changes can also trim down our

heating and cooling bills and help the environment.

1.0.8 LAND OR SOIL POLLUTION

Soil pollution comprises of the toxic waste of soils with resources, mostly

chemicals that are out of place or are present at concentrations more than

normal which may have unpleasant effects on humans or other organisms.

However, soil pollution is also caused by resources other than the undeviating

addition of man-made chemicals such as undeveloped runoff waters, industrial
waste materials, acidic precipitates, and radioactive clash.

Both organic and inorganic contaminants are imperative in soil. Soil

pollution is caused by the presence of synthetic chemicals or other modifrcation

in the natural soil background. This type of contamination normally arises from

the split of underground storage links, use of pesticides and percolation of
polluted surface water to subsurface strata, oil and fuel dumping, leaching of

wastes from landfrlls or direct discharge of industrial wastes to the soil. The most

common chemicals involved are petroleum hydrocarbons, solvents, pesticides,

lead and other heavy metals. This episode of this incident is linked with the

degree of industrialization and intensities of chemical treatment.

Soil pollution can lead to water pollution if poisonous chemicals percolate

into groundwater, or of contaminated overflow reaches streams, Iakes or oceans.

Soil also naturally contributes to air pollution by releasing likely to explode

compounds into the atmosphere. The decay of untreated materials in soil can

release sulfur dioxide and other sulfur compounds, causing acid rain. Healy
metals and other potentially toxic elements are the most grave soil pollutants in
sewage. Sewage mud contains hear,y metals and, if functional over and over

again or in large amounts, the treated soil may build up healy metals and as a

result become not capable to even support plant life.Li
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In accumulation, chemicals that are not water soluble contaminate plants
that grow on polluted soils. The greater than ever polluton of the atmospheie has
been one of the greatest concerns for science and the universal public in the last
fifty years. The brisk industrialization of agriculture, spreading out of the
chemical industry and the need to generate cheap forms of energy- has caused the
constant release of man-made organic chemicals into natural ecosystems. As a
result, the atmosphere, bodies of water, and many soil environments have
become contaminated by a large variety of toxic compounds. These include the
hazard of acute toxicity, genetic changes, birth defects for humans and other
organisms. Some of these artificial toxic compounds are also dead set against to
substantiai, chemical or biological dreadful conditions and thus be a symbol of an
ecological burden of considerable amount.

Causes of Soil Pollution
Soil pollution is caused by the existence of man-made chemicals or additional

variation in the usual soil environ'ment. This type of infectivity characteristically
arises from the rupture ofalternative storage links, application ofpesticides and
percolation of contaminated surface water to subsurface strata, oil and fuel
throwing away, leakage of wastes from landfills or nonstop discharge of
industrial wastes to the soil.

A soil pollutant is any feature which deteriorates the excellence, stability and
mineral substance of the soil or which disturbs the organic sense of balance of the
organisms in the soil. Pollution in soil is coupled with factors such as :

(l) Hq.phazard use of fertilizers : Soil nutrients are vital for plant
growth and development. Fertilizers pollute the soil with impurities. The over
use offertilizers reduce quantity ofvegetables and crops grown on soil over the
years. It also reduces the protein content of wheat, maize, etc., grown on that
soil. The carbohydrate quality ofsuch crops also gets tainted. Surplus potassium
at ease in soil decrease Vitamin C in vegetables and fruits. The vegetables and
fruits grown on over fertilized.

(2) Use of pesticides, insecticides and herbicides.. To kilt useless
insects living on crops farmers use pesticides. Pesticides not only bring toxic
effect on human and animals but also drop off the fertility of the soil.

(3) Damping of solid' wq,stes.' In broad-spectrum, solid wastes include
trash, domestic refuse and not needed solid materials such as those from
commercial, industrial and agricultural operations. Since a considerable amount
of urban solid throw away tends to be paper and food waste, the majority is
recyclable or biodegradable in landfills. In the same way, most agricultural waste
is recycled and mining waste is left on site.

The segment of solid waste that is dangerous such as oils, battery metals,
heavy metals from smelting industries and organic solvents are the ones we have
to pay particular attention to.

(4) Deforestation.' Soil Erosion occurs when the worn out particles are
dislodged and passed away by wind or water. Deforestation, agricultural
development, temperature extremes and human actions add to this erosion.

c
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Humans speed up this process by construction, mining and overgrazing. lt
results in floods and cause soil erosion.

Forests hold up many habitats and ecosystems, which make available
immeasurable freeding pathways or food chains to all species. During the past
few years quite a lot of vast green land has been converted into deserts.
Deforestation is slowly destroying the most dynamic flora and fauna areas in the
human race.

Effects oT Soil Pollution
Soil Pollution was in the beginning defrned as the pollution of soil system

where by noteworthy quantities of chemical or other substances, resulted in the
turn down of its fertility or output with respect to the yield of crops. Soil
pollution differs from water and air pollution, because the contaminants remain
in direct contact with the soil for comparatively longer periods and hence change
the chemical and genetic properties of soil. The harmful chemicals can also enter
the human food chain from land or water plants.

The major sour:ces of pollution of soil include mining, mud, fertilizers,
pesticides, composted town refuse, etc. Fly ash generated from thermal power
plants, industrial wastes dumped into surrounding land, mining wastes,
non-biodegradable organic pollutants and industrial sludge's, etc. are the
reasons which cause soil pollution. Commercial and domestic urban wastes
consisting of dried sewage sludge as well as trash and debris materials such as
plastics, metal cans, glasses, street sweepings, waste paper, fibers, rubber, etc.
contribute to soil pollution.

Effects of Soil Pollutants
Different types of soil pollutants have different effect on the nature of soil.

Now let's look into the effect caused by each of these pollutants.
(a) Synthetic fertilizers : Excess use of fertilizers destroys the microbial

plant life in the soil, thus leading to disturbance ofessential processes in soil such
as nitrogen fixation.

(b) Pesticides are often used to keep away pests which damage the crops
produced and often cause soil pollution as they are mostly non environmental.
They take many years to degrade and remain as toxic remains in soil. They may
also enter marine environment through run off after rain and enter the food
chain.

(c) Industrial effluents : Solid, liquid and gaseous pollutants from thermal
power plants, paper, fertllizer, iron and steel industry often end up in the soil and
cause dreadful conditions of soil due to their toxicity.

(d) Urban wastes : Wastes generated in urban living areas such as sewage
mud, garbage, hospital wastes, plastic bags, etc., also are a major cause of soil
pollution. These wastes tend to build up in soil, support the growth of pathogenicLi
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life form and cause diseases. Waste material like plastic tends to remain non

biodegradable in soil and affect soil yield.

Effective treatment of household wastes and modern methods of sewage

throwing away if implemented, soil pollution can be taken care of. Formulation
of rigorous pollution control legislation and its efficient realization is also

essential and imparting public awareness plograms to educate people regarding
the health hazards of pollution is a must to control soil pollution.

Effects of Soil Erosion on the Environment
Loss of soil front land owing to the water qtld wirud curcents is called soil

erosion. It is a natural process that transports soil from one location to another.

In natural conditions, this progression takes place in a slow and continuing
manner. Due to human being impact the rate of soil erosion is considerably
accelerated. Some of the issues that speed up the process of soil erosion are

deforestation, over grazing and improper or in excess amount of farming
practices.

When soil erosion happens very slowly but surely it has negligible effect on

the land as an adequate amount of time is on hand for to substitute with new soil.

But accelerated erosion leads to unfavourable special effects and decreases soil

fertility as it diminishes the amount of nutrients. Decrease in soil fertility due to

wearing away leads to decrease in the output of crop and also excellence of crops

gTown.

Eroding land can show the way to accidents and when soil that shifts and

gets accumulated on roads and streets can block the driving. These effects are

common in sloppy and mountain regions. Soil erosion can reason great damage

to environment as greater than before loss of soil can have an effect on the

growth of natural vegetation and in turn this leads to transfer of fertile land into
a desert.

Soil erosion leads to confirmation of remains by water currents in water
bodies like ponds, which can hurt marine plant and animal life. The soi-

sediments can cover up fish eggs present in ponds and prevent their hatching
Due to erosion soil particles stay on the edge in water and prevent light fror:.

reaching marine plants and have an effect on the process of photosynthesis. Du.
to gigantic amount of suspended soil particles in water it retains the heat an--

raises the water temperature, which affects the living organisms.

Anolher major shock from the agricultural chemicals that often move rni::
worn residue is that these chemicals move into and pollute, downstrea:'
watercourses and water bodies. Where inputs of agficultural chemicals a:-

high-as in the more wealthy nations-costs of removing such pollutants fi'c -
drinking water can be extensive.

The harmful effects of erosion, in terms of decreased agricultural yields. a. ,

well known in the developing countries. In erosion-prone areas of the m'--
well-off countries, productivity may be maintained in the short to medium tel

by increased fertilizer input. The effects oferosion are thus rarely recogaizec -Li
br

ary
 S

tud
y M

ate
ria

l

Industrial Management: Notes

Page No  290 of 300.



Eruu iro nme nt ql P ollutia n

farmers in richer countries. This approach is however infeasible with
erosion in developing ountries.

regard to

10.9 INDUSTRIAL POTLUTION
Industrialization is very crucial for development and for the improvement of

life. But, it would be a huge price if we endanger future generations for this
industrialization. Industries generate a lot of wastes which spil our eco-system.
Industrial Pollution Control include steps to reduce present or future air
pollution control, product or waste heat recovery application by :

w Adhering to the government regulations.

ffi Creating green zones (gXeen belt) in factories.

ffi The processes like, flue gas desulphurization and denitrification,
retrofitting, gas conditioning, system design, emission measurements,
design of chimney, design of 'dust handling equipment, fan, handling
explosive dusts are required in industries.

m Identify and select the right type device or system, it could be a stand
alone or fully engineered complete packaged for pollution control.

m various conventional and advanced gas absorption, particulate capture,
pollutant and heat recovery technologies are available to reduce harmful
effects of industrial pollution.

Also air emission, air pollution control systems, odour control, gas
scrubbing systems, particulate removal, fume scrubbing, ammonia
recovery, acid recovery, acid gas removal, product recovery aerosol
removal, waste heat recovery, mist removal, NO, removal, high efficiency
cyclones, wet scrubbers consisting ofpacked absorption and waste heat
recovery towers, horizontal cross flow scrubbers, fluidized bed scrubbers,
multiple type tray scrubbers, high energy gas atomized venturi and jet
ejector venturi scrubbers, mist or preformed spray scrubbers, dry and
dry/wet scrubbers, forced condensation scrubber systems, wet
electrostatic precipitators, specially adsorption and scrubbing systems,
an advanced NO, scrubbing reagent and full product recovery and
by-product production systems are also used to curb the effects of
pollution in industries.

w Energy saving by recovering heat from a multitude of hot gas sources.
These steps are highly required in large number of industries including;

chemical, pharmaceutical, medical products, fertilizer, plastics, petroleum,
hazardous waste, biofuel, nanotech, pulp and paper, wood products, electronics,
semiconductor, power, mineral products, mining, iron and steel, nonferrous
metals, metal frnishing, waste wateq food and by-products and textile.

Industrial Waste Treatment
The best method for any type of wdstg.treatment is to recycle or to recover

the pollutants from the waste. The recovery and recycling the wastes ensures theLi
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conservation of the environmental resources, reduces the cost of production,
creates opportunity for employment, besides considerable eliminating the load of
pollution. In fact, nothing is waste rather the waste of today is the resource of
tomorrow. Some of the industrially recovered products from the wastes are
described below :

Furfural may be obtained as recovery product from the sugar wastes,
containing molasses and bagasse. Oxalic acid is obtained by oxidation of
molasses. Sugar press mud which is obtained during filtration process is a source
of sugarcane wax. Potassium could be processed form spent wash of distillery
waste; vitamin B-12 (cyanocobalamine) may also be recovered from municipal
sewage waste. Many useful pharmaceutical ingredients, viz. tocopherol (vitamin
E), phytin and lecithin are obtained from rice bran. Sodium silicate is obtained as

by-product from paddy husk. Brome lain is prepared from pine-apple waste. Saw
dust which is a waste product from timber industry can be utilized in
manufacturing active carbon and moulding power. Fly-ash, a waste product,
obtained in huge quantity from thermal power station, may be utilized for
manufacture of fly-ash brick, clay fly-ash bricks, pozzolanic cement and can be
incorporated as one of the ingredients of Portland cement. Mica waste could
profitable be utilized for making insulating bricks and mica paints. Slaughter
house waste could be utilized for making peptone which is used as media in
bacteriological analysis. Pan creation is also obtained from slaughter house
waste which is used in for processing industries. Commonly wastes consisting of
night soils may be utilized for producing biogas. Community garbage containing
cellulosic materials in significant proportion may be utilized for paper and
alcohol production.

10.10 CHEMICAL POLLUTION
Chemical pollution is caused due to the contamination of the environment

due to the chemicals byproducts. It may originate from industrial areas as well as

anywhere where there are people. Its major influence is on marine or soil
composition.

As the human population is fast increasing, the human race has become

more developed and chemical wastes have increased dangerously growing each

day at high levels in some areas. The ocean, can reduce the effect on some

chemical lvastes however, as the amounts of chemicals add to, toxins begin tc

mount up. Some marine organisms come in contact with these harmful toxins
and these toxins unfavourably affect the marine life and there is a slowdown ir-
terms of 'uheir population.

The various chemical wastes are :

(l\ Irtdustrial Chemical Waste; With the industrialization started th.
industrial waste in the form of chemicals. This waste has long been dumped int,
the water bodies, air as well as the land. This waste then enters directly, in th=
form of air in the human beings; or indirectly, from the water, vegetables, poultr-
or fisheries into the human beings.Li
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(2) Oil is a major component of chemical pollution and causes
environmental harm to the ocean. The thick, sticky oil coats the fine hair on
birds, inhibiting flight and the capability of those feathers to protect the bird.
The gills of frsh become blocked with oil and the fish choke. Marine mammals'
bodies become coated in oil, and they cannot maintain their body temperatures.
Oil coated marine plants cannot get hold of energy from the sun for
photosynthesis. Oil may also become attentive in sediments for existence and
may become on the brink again in storms.

(3) Water Disposal.' To further complex this situation, humans in
broad-spectrum desire to live near the water. Water provides recreation, a means
of transportation, a source of food and other wealth. Groundwater aquifers,
rivers and streams provide the world with drinking water. These water bodies
are too often used for sewage disposal. Access to the water has always been a
significant consideration. However, as more people make their home in coastal
areas, the problems of water pollution enhance.

(4) Chernicals fromVehicles.' Commercial and recreational vehicles try
to win for space and property on and in the water. Gas and oil from these vessels
may by industrial accident trickle into the water. People swarm beaches and
many leave waste behind. Increased structure along the coast leads to greater
than before erosion, loss of habitat and more smash up to the coast during storms
as the natural shock absorber zone is ruined.

To keep away from chemical pollution man needs to take charge in person of
the community environment. I\1[an is the most evolved human being on the
planet and by desirable quality of his brainpower and aptitude to revolutionize
the natural surroundings; man can produce an environment of his choice and
need.

IO.1,1, GOVERNMENT INITIATTVES FOR ENVIRONMENT
The central and the state governments own, control and develop the forests,

dams, major irrigation systems, power stations, industries, means of
transportation, railways, roads, ports, etc. The government is not just the
protector of the environment of the country but also has a major responsibility
for sustaining environmental conscience.

In India the Ministry of Enuironment and Forests is the main nodal
agency for generating environment consciousness and making and
implementing schemes for environmental protection. The government's
environmental policy focuses to check degradation of land and water through
wasteland management and restoration of river water quality programs.

The pcllicy also focuses to provide for conservation of natural resources by
direct action such as declaration of reserved forests, biosphere reserves,
wetlands, mangroves and protection of endangered species.Itmahes lauts and
acts for environment protection and initiates penal measures against those who
violate the laws.
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The government's initiatives are to plan and execute a nationwide program
for the prevention, control of environmental pollution. It emphasizes to lay down

standards for the quality of the environment in various aspects and for emission
or discharge of environmental pollutants from different sources.

To protect wildlife the gouernment of India has set up national parhs,
sanctuclries and tiger and biosphere reserues.

Indian satellite to monitor green house emission.' In March 2010,

Union Minister of Environment and Forests Mr. Jairam Ramesh announced that
by 20L2, a dedicated satellite would be launched with the support of Indian Space

Research Organization (ISRO) to monitor India's greenhouse gas emission.

Currently, Japan and European countries have this satellite.

As such the environment has a major role in environmental protection. It is
the government's duty to find out ways and means of improving efficiency of
existing technologies and introduce new eco-friendly technologies.

Eco-friendly technologies are based on renewable sources as raw material as

well as energy to produce environment friendly products. For example, to reduce

vehicular Pollution in Delhi, the government initiated the development and use

of CNG kits in automobiles instead of petroluem. This step has reduced air'

pollution in Delhi to a considerable extent.

In order to minimize the adverse impact of a number of development projects

on the environments, the government ensures that an environmental impact
assessment is carried out before such a project is started. These plans are also

strictly monitored for compliance.

Number of laws, committees have been formulated and created. These laws

are discussed in a fiarly good details later.

The government has set up various committees to evaluate the impact of

various development projects on environment. Some of the issues which have

been hotly debated in recent decades include the importance of constructing big
dams, affect of pollution on monuments like Taj Mahal, protection of wildlife.
especially endangered species like lions, tigers, etc. The government also seek.

public opinion on certain matters related to the environment.

1.0.1,2 SOCIAL AND INDIVIDUAL INITTATIVES FOR
ENVIRONMENTAL PROTECTION

Environment protection is not the responsibility of the government alone

All sections ofthe society have to participate in this endeavour. The role ofever'
individual in environmental protection is of great importance because if ever.
individual contributes substantially the effect will be visible only at tl:=
commuity, city state or national level but also at the global level. It is ultimatel.
the society that suffers due to environmental degradation.Li
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Therefore the society has to play an important role in maintaining
environmental standards. It is the responsibility of each individual to protect the
earth and provide conducive environment for itself and innumerable other
species which evolved on the earth. Each individual should change his or her
lifestyle in such a way as to reduce environmental pollution.

If air and water resources in the area are unfit and do not meet the
acceptable standards, the people ofthe area can organize themselves and force
the responsible agencies to take necessary action. If suitable action is not
forthcoming they can under the laws of the land, file a public interest litigation
(PIL) and ean get their problems solved.

Society is made of individuals together. So it is the duty of each individual to
see that his/her actions do not pollute the environment. Each individual must
use paper or cloth bags instead of polythene. Use of eco-friendly products and
CFC free refrigerators can help control pollution.

Groups of individuals together can make a huge difference in maintaining
environmental standards. For example, group housing societies can initiate
steps for waste management by making provisions for segregating wastes, taking
measures for recycling wastes like making compost pits, etc. They can also take
measures for reducing the use of electricity and finding alternative sources of
enerry.

Saving electricity by not wasting it when it is not required because electricity
saved is electricity generated. For example, put on warm clothes rather than
switching on a heater.

Air pollution especially vehicular pollution can be minimized by adopting car
pool method. This will also save large amounts of money spend on importing
petroleum from other countries. Adopting and popularizing renewable energy
sources and promoting reuse and recycling wherever possible will help reduce
the production of waste.

Societies can play a significant role in environmental protection by creating
awareness and educating people about the need to conserve and manage natural
resources. Social and individual consciousness ifcarefully encouraged is a step to
transformation.

Day to Day Habits
There are certain habits which, if cultivated, will make tremendous

difference in the pollution levels. These are :

& Reuse any items that you can

ffi Buy biodegradable products

s Store all liquid chemicals and waste in spill-proof containers
ffi Eat organic foods that are grown without pesticides

w Do not use pesticidesLi
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m Use a drip tray to collect engine oil and do not dump motor oil on the
ground

m Buy products that have little packaging
x Ways to control air pollution :

@ Carpool or join a ride share with friends and coworkers
Do not smoke

@ Keep your car maintenance up-to-date

& Drive as less as possible

S4ren you drive accelerate slowly

& Always replace your car's air filter
& Use a push or electric lawnmower rather than a gas-powered one

Do not use harsh chemical cleaners that can emit fumes

@. Inspect your gas appliances and heaters regularly
The best way to prevent water pollution is to not throw trash and
other harmful chemicals into our water supplies.

Wash your car far away from any storm water drains

@ Do not throw trash, chemicals or solvents into sewer drains

& Inspect your septic system every 3-5 years

& Avoid using pesticides and fertilizers that can run off into water
systemsr

@ Sweep your driveway instead of hosing it down'
@ Use non-toxic cleaning materials.

. S Do not wash paint brushes in the sink.
ffi Suggestions which may help in maintaining the ecological balance :

@ Afforestation should be encouraged by planting additional trees.

S To stop the over-exploitation of the wooded area by government
contractors for resin, medicinal herbs, timber, etc., there should be an
overall ban on cutting of trees on mountain slopes and in catchment's
areas.

@ Instead of big dams, small dams and hydro-electric power stations car:
be constructed. For a very small village a hydro-electric generator car
be installed in the water mill.

& Promote horticulture and small-scale industry in the region, whic:
will make available job opportunities to the local people.

&' Promote sulabh sauchalaya and bio-gas plants for recyclin;
eco-friendly material. To reduce the pressure of the grouin;
population on natural wealth, they should be provided with LPG ga-.

kerosene oil and solar cookers.

@ Precuationary measures have to be taken to keep away from ti-=
chances of forest frres.Li
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Prq{rotion of Renewable Resources and tJ eir benefitsV A. the conventional resour@s are fast depletin& we must look out for
alternative power resourcqs. Among.these.is the sun,.wind, biogas.and tides
which are sources of renewable energ'y. They score over the conventional sources
of energS, and are inexhaustible and pollution free. Thq renewahle resources,can
be generated continuously in nature.and are inexhaustibLe, e.9., wind, water,
sun, etc.

Wind and running water, as sources of energy, were in use long before the
conventional sources of energy like coal, oil, mineral and natural gas came to be
used by the masses. Wind and running water were being used for navigation.
Wind mills were used for pumping water and for grinding grains. The
alternatives sources of energy are always very environment friendly and are not
at all highly polluting. This turns out to be an important factor for sustained
economic grou.th. The benefrts of renewable resources are :

ffi Petroleum and gas are an added source ofpollution for r environment.
Coal produced by minihg aJso plod.uces dust particl in the air and
moreover mining and hanilling is ahazardous job. , '

# Fossil fuels such as petroleum and coal damagp and-ozone layer and also
danger to himan settlemenis.

w The prime advantage of using energy from renewable resources is that
they are easily availablg and these have a-never ending supply.

enewable energy can be locally producefl.

w ?fie cost of dislribution involved is very low.

& ey do not cause any harm tq the environment.
x .Mey are r-eusable and recyclable.

m S6lar power is the most 'greerl' enerry source.in the world. It does not
harm the atmosphere around it in any way.

w There are no residues, waste or byproducts of any kind.
ffi The process of capturing the energy does noi bring into being any noise

pollution.
ffi No one will charge you any money for harvesting the sun's power. Once

you have setup the solar panels, y'ou can start converting solar energy
into electrical energy for free. Thus ,one has no doubts ofspending a large
portion ofyour earnings on electrical energy bills.

w Solar technology is very suit e. You can unplug the panel and take it
'with you on a trip, Tiny solar panels are also obiainable, which you can
use to charge your electronic gadgets while you're on the move.

By altering to renewable enerry sources such as solar energy and wind
power, you can save manually a lot of money and leave a superior planet behind
than the one you found for your future generation. A voyage in the right
direction to control the air pollution will also reduce its catastrophic impact on
the future generations.Li
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Creating Awareness
The role of learning environment is as important as understanding the

geographical location where the person is growing. The learning-teaching seems
necessary to understand and develop a love for ecology. The natural
surroundings are vital to sensitized observation making environment awareness
a natural learning from indigenous experiences.

This has to be achieved through frequent visits to the park, zoo
supplemented with good literature. A rich exposure to the wealth of nature and
innovative teaching learning modes enables all to be environmentally sensitive"
In the absence of abundance of nature, the familiarity with the flora and fauna
and cycles of nature has to be created through awareness of books and other
forms of simulated experiences.

With the wide range of living habitats and need for conservation and
protection of the environment _ an exhaustive curriculum is required. The
environment education has to be in relatoin with the local flora and fauna along
with child-friendly methods. The relationship between classroom learning and
the experiences the children encounter has to be meaningful. A child has a
different agenda as for him pollution and congestion has no real meaning.
Generating a love for his essence ofnature by concrete exercises such as group
visits with an excitement for identifying stars would provide a child stimulating
encounters with nature. Discoveries of a few of nature's secrets would be enough
to initiate a child-environment relation

When people live in close proximity with of nature, the free time and the
space and the flexibility in interactions across ages facilitates children's natural
adventures with the many phenomena in nature. Humanity is not alone and the
earth is one of the issues of the environment movement. Scientific breakthrough
with the power of being able to control and create, giving a short lived vision for
success. Technology and scientific knowledge are not a replacement for the
wonder of nature; this progress is a mode to unravel the wonder of nature and
not to tamper with the rhythms and cycles.

Above all by learning about the environment meaningfully it would be half
the battle won for laying the foundation for continued ecological sensitivity. It is
the oneness with the earth that would harness people to appreciate and protect
the beauty of nature.
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EVIEW Uestions

What are the major forms of environmental pollution?

Discuss the major air pollutants alongwith their sources and effects.

List the potential health impacts of air pollution.

State the principle on which the following air pollution control devices

operate :

(i) Wet scrubber (ii) Cyclone separator (iii) Bag house

what are the global environmental problems resulting from air pollution?

what do you understand by water pollution? Suggest various remedial

and control measures to minimize water pollution'

What are the non-point sources of water pollution?

What are the possible adverse impacts of water pollution?

Enumerate various types of pollutants that cause pollution of waber

bodies. AIso discuss how water bodies can be saved from ill-effects of

uncontrolled discharge to waste water into them.

What are the ecological consequences of domestic and industrial sewage

disposal into surface water bodies?

11. Explain the primary, secondary and tertiary treatment of waste water.

12. Distinguish between aerobic and anaerobic digestion'

13. What are the advantages and disadvantages ofactivated sludge process?

14. what do you understand, by the term "solid waste"? Discuss in brief the

various types of solid wastes alongwith their sources'

15. What is solid waste management? Discuss the various sources of solid

wastes.

16. What are the elements of integrated waste management?

17. List the problems involved in the disposal of solid wastes'

18. How do we manage waste and what are various methods for its disposal?

19. Discuss the various methods of disposal of solid wastes'

20. What is recycling? What are its advantages?

21. Describe "Iandfrll" and "incineration" aS solid waste management

techniques.

22. Write a detailed note on solid waste management highlighting various

steps involved in the Process.

23. Discuss some important issues relating to municipal solid waste

management in India. what are your recommendation for improving the

situation?

24. How are the characteristics of Indian solid wastes different from that of

developed countries?

25. How does noise affect human life?

Enuirorumental Pollution i0.SS: :

1.
5).

3.

4.

5.

6.

l.

8.

9.

10.
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26. What are the causes and adverse impacts of noise pollution?
27" List the sources of noise pollution and the different approaches for its

control.

28. Define land pollution. Discuss the causes of land pollution and their
control.

29. Discuss the harmful effects of industrial wastes.

30. Describe the various methods of control of industrial pollution.
31. Describe the various chemical waste treatment methods.

32. What are the various day to day habits which an individual can follow to
reduce pollution levels?

33. What are the benefits of renewable resources?

34. "Environmental education can play an important role in preventing
environmntal pollution". Give your views about the statement.

trtrtr

Li
br

ary
 S

tud
y M

ate
ria

l

Industrial Management: Notes

Page No  300 of 300.


