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BLOCK 1 PROJECT FORMULATION AND
' APPRAISAL |

This block has five units, The first unit (Unit 1) itself gives an overview of praject
management. It explains a project and the need of its management along with major
concepts. PERT & CPM as the tools and technigues through discussed in MS-5, some
insights are also given here. Feasibility studies in the context of selection and evaluation
of projects, parameiers regarding the fensibility studies, the importance nnd salient
feature of commercial and technical analysis are elaborated in the second unil, Technical
analysis explains the objectives, location and site, plant size, technology, conslruction
process, inputs, manpower and g0 on. Unit 3 enumerates the imporiance of market and
demand analysis in project management. Forecasting in different situations and criteria
for it one highlighted in this unit,

Techniques of financial and economic evaluations arc elaborated in Unit 4, Return on
investment {ROI), Payback period (PB), NPV and IRR elc. arc discussed analytically.
Unit 5 talks about formulation of detail project report (DPR). It discusses the
equipment and process lechnology, Incation ef the project, material kalance nf the
project and so on.






UNIT1 PROJECT MANAGEMENT : AN
OVERVIEW

Objectives
After studying thiz unit; the student will be able to:

» understand the specialitics of Projects and need for Project Management (PM)

» obtain a broad ovetview of important PM concepts and different dimensions of
PM

s know the types of tools, techniques and computer programmes available to asgist
& Project Manager.

Structure

1.1 Imtroduction

1.2 Project Management Its Role & Scope

1.3 History of PERT/CFM

14 Need for Project Management

1.5 Some Major Project ManagementConcepts
1.5 Tools & Techniques in Project Management
1.7 Success Factors in Project Management

1.8 Summary
1.9 Seclf-Assessment Exercises

1.10 Bibliography & Further Readings

1.1 INTRODUCTION

This unit deals with the concept of project management. What is a project? Why it
needs proper management? etc., are explained early. The mit gives emphasis on, the
Project Life Cycle (PLC) and its different stages. Tools and Technologies of project
management are highlighted with some success factors.

1.2 WHAT IS PROJECT MANAGEMENT?

Project Management is a gpecialised functional discipline that has carved out its own
place in Management practice, education and literature. We shall briefly addrezs
ourselves to two questions in arder to arrive at a first hand understanding of what is
Project Management. These two quegtions are:

{a) What is Management'?

and

(b) What is a Project?
Management ig an age old function. It is ag old ag the history of human civilisation.
Whenever more than one individual join together to form a group and strive to
achieve some common purpose o objective, there arises a necessity to co-ordinate
the efforts of individual members of the group so that the individual contributions
add up to the largest total contribution posgible. Symbolically, it is vety similar to
pulling a very big weight by a number of persons, the sum total of the force or pull
that is exerted on the weight is a function of the individual forces ag well as the
directions in which each individual force is applied, relative to all other forces. If all
the forces are applied in the same direction, the total force simply adds up. However,
88 soon ag there is a slight deviation in the direction between the two individual
forces, the resultant force is less
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than the sum of the two forces. The mere diverse the directions of these forces are,
the more are the loses. In an extreme situation, if the forces are applied in opposite
directions, the resultant force is the difference of the two forces.

In large organisationa where hundreds or thourands of individuals are employed, co-
ordinating the efforts of various individuals towards the fulfillment of the
organisation's goal its, in a sense, the function of the management. Even the animal
world displays co-ordinated efforts like the ants, honey-bees, etc. Therefore,
management ag a function, hag existed, all aleng and has flourished in several human
organisations, like the army, the church, the missionary institutions, the government
of a country and so on. However, management, as a special discipline of study, has
come into the fore with the advent of the industrial revolution.

Let's now turn to projects. The word "Project” conjures up a picture of something
special, something which ig different from routine and regular activities. For
example, writing thiz chapter of this book is a project for your author. He has dealt
with this subject over a mumber of years, but still then, writing this chapteris a
special task’ which he has undertaken. Other examples of a project could be :
building a house, crganiring a seminar, degigning a new product in the market,
shifting to a new location etc. Projects can, therefore, be differentiated from regular
operations on a number of parameters as under:

Table 1
Project Production
One time Repetitive
Large Investment: Revenues & Profits/losses
No Revenue
Wide variety of skills Limited skills —
used and of high calibre learning effect is higher
Ust_'._ of special purpose Equipment are in
equipment for short duration continuous use
[lwo_h-rf_:menl of many Outside agencies are
specialised agencies primarily suppliers/buyers
Technology — wide variety Limited variety
Explanation

Most of the projects ate one time job as oppoged o repetitive regular jobs undertaken
in a normal production situation. While a project is in progress, usually, a large
amount of resources are deployed in terms of many diverse human resources,
materials, equipment, land, buildings, etc. However, while the project is on, no
benefits directly accrue from

these investments. Projects are, therefore, investments for future benefits. In
accounting terminology, no revenues accrue during the project stage. In conirast to
this, after a project is over and regular production starts, we start getting the results of
these investments in terms of goods and/or services produced and revenues arising
therefrom. It is the normal desire of cach project owner that such reverues would
exceed the costs and thereby net gome profits. Yet another distinction of projects
from regular operations arise out of a very wide variety of skills used during the
project and a relatively high calibre of persons required possessing in these skills.
This requirement arises out of the special tasks which are nndertaken in a project
which are not required to he carried out, once the project is complete. For example,
any LPG bottling plant has massive "Horton spheres for bulk storage of LPG. These
“spheres are made from special grade steel which must be welded together so
perfectly that every centimeter of the weld must pass nltrasonic testing. Obviously,
once a bhottling plant har been constructed the plant operation would not require any
welding of this high calibre. In contrast, in a regular operating situation a limited
number of gkills are required and due to the process of repetitiveness, leamning by
experience takes place. This reduces the initial skill requirements of employess.



Projects also call for using special putposes equipment for relatively short, periods
during construction, testing and commissioning. These include heavy duty mobile
cranes, special purpose testing equipment, and a host of construction equipment
which would not be required afterwards. In contrast, in a regular operation situation,
8 limited number and variety of equipment are in continuous use. Projects are also
characterised by the involvement of a large number of specialised agencies who can
mobiles the specialised skillg, technology and managerial expertise required for the
praject. Every phase of the project calls for different abilities that are generally not
required in regular operations. The ability to idemtify feasible projects, the ability to
amplify the feasibility export into a detailed project report capable of execution, to
execute special tasks of constructing or executing projects and the ability of
commissioning new projects are entirely different from the abilities of numning an
operating system. These abilities are so diverse in nature that it is not posggible to find
a single agency which can deliver the required results. Therefore, a host of
specialised agencies have come up specialiging in some particular sub-set of the
overall tasks involved in a project. One cannot do away with the involvement of such
specialised agencies in a project set up. In contrast, in a regular operating gystem, few
external agencies are involved and these are primarily restricted to the buyers and the
suppliers to the firm. Finally, projects will use a wide variety of specialised
technologies which would not be required in regular operations. For example, sand
blasting may be used to remove rust from the surface of structural before painting;
gpecial epoxy grouting may be used to prevent water secpage in re-inforced cement
concrete foundations or in-sifu heat treatment of massive structures may be
undertaken. Similar technologies would never again be needed duting the normal
course of operations,

Activity 1
Draw up a list of characteristics that distinguizsh projects from other activities.

1.3 HISTORY OF PERT/CPM

Project Management is, therefore, concemed with the management of projects, as
opposed to management of regular production and operation systems. If you are new
to the field of project management, you might wonder as to why do we need a
separate discipline of project management. Couldn't the plethora of tools, techniques,
principles, and concepts of management be used for managing projects as well? If
you have this question, you are on the right track. Obviously, projects existed and
were managed before the discipline of project management carne to be, and in those
days, the traditional tools of management were applied to manage projects as well.
One of the major tools used was the famous "Gantt Chart". However, you know that
neceasity is the mother of inventions. It so happened that around the middle of the
fifties, the National Aeronsutic and Space Administration (NASA} of USA was
developing the Inter-Continental Ballistic Missiles (ICBM). Almost around the same
time, the big chemical giant: Dupont, wes engaged in a massive expansion
programme requiring construction of new chemical plants on & large scale. The
managers, incharge of these projects, found the existing approach to managing
projects to be inadequate. The inadequacy stemmed from the complexities of the
prajects as well as a certain degree of uncertaintics associated with the ICBM project.
In order to overcoms these shortcomings, NASA and Dupont independently came up
with a new tool of planning and controlling projects. NASA called it "Programme
Ewvaluation and Review Technique (PERT)" add Dupont called their system "Critical
Patch Method (CPM)". When theit approaches were finally published and came to be
known, it turned out that both the systems of planming and control were basically
similar with one key difference. That

Project Management :
An Overview
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difference arose from the fundamental difference in the situations faced by NASA
and and Appreisal Dupont. Dupont had a vast reservoir of experience of constructing
similar, if pot exactly the same plants, earlier. It was, therefore, possible for the
managers in Dupont to estimate fairly accurately, the time required for performing a
given task. However, the reame was not true for NASA. No ballistic missiler existed
on garth when NASA undertook the project of developing these missiles. Therefore,
¢ven the task were not fully known and whenever tagks were fairly well-conceived, it
was very difficult to estimate the time required to complets the given tagsk, NASA
adopted a gimple but very sffective tool for overcoming this problem. Instead of
trying to get a single estimate for the time required for completing the given task;
NASA adopted a three time estimate framework for every tagsk. NASA managers and
designers estimated an optimistic time, the most likely time and 3 pessimistic time.
With certain assumptions about the probability distribution of the time estimates
{You will know more details in the next Section); NASA was sble to handle the
problem of uncertainties quite elegantly. In a sense, the new toel of planning and
monitoring projects was bom and is, today, widely known by the acronym
PERT/CPM. This tool enables the managers to capture complex inter-relationghips
between different tasks in large projects as well as enable them to handle
uncertainties, The bagic simplicity of these tools and their contributions to successful
project management were soon realized world-wide and, therefore, the use of these
tools spread very fast throughout the world. In our country also, many industries
started making use of these tools and techniques in the carly sixties.

1.4 NEED FOR PROJECT MANAGEMENT

However, it will be wrong to concepiualise project management as simply a bundle
of techniques captured by PERT/CPM and similar other tools. Management as a
discipline received wide scale attention throughout the industrialised world and so
did the affairs of managing large projects. When the developing countries joined the
race for industrialisation, they essentially had to manage large investments. Projects
of increagingly complex sizes were and are being executed in these countries. In
India, we have seen investments of the order of rupees one hundred thousand crores
being made in the public sector alone over a period of four decades. Project
Management, therefore, agsurnes an added rignificance for a developing country like
ours. It's importance can be judged from the fact that we have a separate professional
institute of project management in the country and the Government of India felt it
necessary to set up a-scparate Minigtry of Programme Implementation to cnsure
successful management of all government projects.

Write in your own words, answers to these questions:
1. What is project management?
2. Why ig it important to study project management?
3. Give an example of a project in each one of the following sectors:
- Manufacturing
- Banking
- Marketing
- R&D
= Health
- Science

- Nation



1.5 SOME MAJOR PROJECT MANAGEMENT Ejecthmgemmt:
CONCEPTS

{a) Project Life Cycle

One of the most fundamental concepiz in project management is the project life cycle
concept.

The concept of a life cycle is widely used in the field of marketing management,
where the life of a product iz analysed with respect to the overall revenue generated
from that product with time. At the point of introduction of & new product, product
features are evaluated and revenues are slow to pick up. This phase is called
"establishment" phase. This is followed by & rapid rise in revenues, in the "growth"
phase. However, the revenues reach a platean in its "maturity” phase and is followed
by falling revenues - the "decling” phase.

Traemainy ool Acthyanisy
/;

L{E5 8

Phase I Feagibility

IO Design

IT Execution

IV Termination
Fig. 1.1: Project Life Cycle

Adapted from William R. King and David L. (Eds}; Life Cycle in Handbook of
Project Management is followed by falling revenues - the "decline” phase.

Management experts have similarly examined the life cycle of a project with respect
to the inteneity of activity that is associated with a particular project. Accordingly, a
project is divided into- four distinct phases as under:

- feagibility

= derign

- production, and

- termination

Figure 1.1 gives a general idea of the nature of activities and its intengity during the
entire life cyele of a project. Project Management can algo be viewed from the angle
of different functional specialisations in management. Viewed from this angle, every
project would have the following dimensions:

- Technical
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- Financial
- Socio-economic
- Environmental, and
- Managerial
During each phase of the project, the Project Manager, incharge of the project must
take care of all thege ditnensions to manage the project must take care of all these
dimensions to manage the project successfully. This concept has been shown

schematically in figure 1.2.
N PRCIGCT
TECHNC
L NOLOGY ‘ LWFE-CYCLE
| —
= [FEASIBILITY ‘

| ' | .‘
I FINANCE

= DESIGMH ‘

MARKET |
| ExecuTION
SOCIETY |
{

e | TERMINATION |

| |
(EN"J [ROMMENT ‘

—

| |
MAMAGEMENT ‘

Fig. 1.2
Activity 2

Project Life Cyele should form the basic of formulating strategy for its
implementation - usually, termination phase is of shorter duration and any failure in
mustering adequate resources during execution phase will inevitably lead to delays in
completion. What would be your strategy for completing the project on time?
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(i) Feasibility
This phase of a project is an essential component of the project which beging with the
identification of some unfulfilled need in the economy or the market. This need is at
the root of a conceptfides where an entreprenenr ot an enterprise gets an idea to
design and establigh a project that will fulfill thiz need. For example, you may
consider power projects, two wheeler projects, fertilizer projects, oil refinery projects
or any other project for that matter and you will notice that at the beginning there is a
shortage in the areas of power, two wheeler, automobiles, fertilizer and so on. Based
on thig initial need and a body of information, knowledge and understanding of the
possibilities open for fulfilling this need, several ideas are conceived and some of
these ideas are found more probable than other ideas. Consider, for example, the case
of power projects. In order to sustain the profressive development of our country, it
was felt necessary to augment the availability of electric energy for meeting risin®
demands of industry, government and population af large. Looking at this bagic need,
one could think of a number of possibilities of generating electric energy. These
could include thermal, hydro, geo-thermal, and solar, ete. Out of all these ideas, it
was found that a thermal route of producing electric energy was the most promising
route for our country. Simultanecusly, it was felt that the magnitude of the basic need
oB 80 great that it requires attention and co-ordination at the national level and that is
how the National Thermal Power Carporation was born.

These ideas are then subjected to gotne preliminary scteening that enables: one to
ensure priva facie their feasibility. At this stage, one is only interested broadly, in the
likely demand-supply gap, the technical possibility of meeting this gap and if one is
willing to risk funding such a project in general. After this preliminary screening, the
project ideas is subjected to a detailed invexrtigation of all the six dimensions which
have their impact on a project and finally a decision is taken to drop the idea or to go
ghead with the concept. At this point an investment decigion has to be taken because
significant expenses would be involved to convert the idea into a detailed executable
plant and finally to execute the plan.

You should note at this point that the decision about the feasibility of a projectisa
decision taken at a certain point of time and is valid enly for conditions prevailing at
that point of time. Therefore, even if a project idea is discarded as being not feagible,
it is gencrally archived, so that they can be recovered at a later date for
recensideration. For example, some of the mining projects for coal may become
unviable at a given point of time because the coal layers are too deep inside the earth
and it may not be sconomically viable to mine this coal out. But this viability takes
into consideration the current prices of other sources of energy, particularly, that of
oil. If, for some reagons, oil prices shoot up (as it happened during the two oil
shocksl) some of the coal mining projects which were earlier found non-viable can
later become viable. Human powered flying machines were technically not feasible
due to non-availability of materials which were light but sirong. With the advent of
new materials technology, it has been possible to overcome this barrier,

In case & project idea is generally found to be feasible from all considerations, it is
then given a *go-ahead' signal which indicetes & commitment on the part of the
authority giving the *go-ahead' signal to provide necessary resources for carrying the
project through, to its logical completion.

Phase-I of the project can be summarised as under:

8) Identification of the need

b) Egtablishment of the primary feasibility of project idea

£) Identification of alternatives

d) Evaluation (appraisal) of the alteratives

£) Investment decision.

(i) Design

Once the investment decision is taken, the design or the planning stage of the project
starts. In the design phase, the original project idea is amplified as much as possible so
that & complete “blue-print' of the project is available for the next stage. This means that

the technical parameters are frozen, the basic derigning of the project is completed,

11
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specifications for major plant and equipment are finalised, costs of the project are
estimated in greater details, a time schedule for the project is planned and all
necessary steps are taken to tie-up the required funds and other resources for
successful execution of the project.

There is a significant increase in the activities and a number of people get involved
and large amounts of money are spent. In the design phase also one is required to pay
attention to all the six dimensions and specify fairly detailed plans of action. The
feasibility and the design stages are similar in their contents but differ in the depth
and details. At the end of the design phase, one is ready with a blue print for the
execution of the project. The output of the design phase is usually called the Detailed
Project Report {DPR). Normally an entrepreneur or an organisation and the Financial
Institutions whio may be participating in financing the project would again examine
the DFR and approve it with changes, if any. During thiz second phase of the project
life cycle, the intensity of activities continuously rises,

{iiiy Production

After the design phase is over, a project moves into the execution or preduction phase
where the emphasis is on giving a physical shape to the ideag that wers claborated in
the DPR. Usually, this demands actions to procure the materials, machineries and
equipment required for the project and construction of facilities like buildings,
equipment foundations, infrastructure ete. at the project site, to receive these
equipment. These activities are broadly classified as civil and structural work. After
the plant and equipment are mamifactured and delivered and civil and the structural
work is completed to receive these equipment, they are erected and tested. A
generalised bar chart for construction projects is shown in Fig. 1.3.

GANTT CHART
ACTIVITIES | MONTHS =
l'z'-“"l'%_"';'l_l'l-‘{,-L}|l':'—'.i__||1||j!
PLIRCHASE SCH
ORDEGR acr /1
Ll
LOAD DATa  &{0l 1 1
ACT | I_—J-:—l
CIVIL DESIGN 5C1 | ——_
| ;
. i o
CIVILEDN,  SCH = i
AT l
' | |
el i r-_ &
MANUPACTURE SC1
) I .I-LI:_I- "_!
ERLECTION Tr|| F—
i
] R
COMMISSION SCH | —

ACT |
i

Fip. 1.3; A gencral sequence of a construction project

The intensity ofactivities further builds up and reaches its peak somewhere during
the execution phase. However, as the execution approaches its completion, the
intensity of activities starts falling again. This iz the mogt crucial phase of a project
demanding the largest inputs of all resources, The demands on the Project Manager is
gt its peak, due



to sudden escalation in the activity level. There is a great need for alinost continuous
monitoring and control of all activities, deciding and taking prompt comective actions
and attending to numerous conflicts that are inevitable when so many agencies get
together to work.

{iv) Termimation

Finally, the construction of the project reaches itz end and the last phase of
termination starts. During this phase, the newly constructed facilities are tried out one
by one and then in an integrated fashion and finally teething problems that might
come up are resolved. In this phase, a set of persons are identified who would
ultimately take over the operation of the facilities created during the project
execution phase, These operations, maintenance and services personnel are brought
in for the triad runs and commisgioning. In other words, these trial runs and
commissicning activities are jointly carried out by the project and operational
personnel. Finally it leads to handing over of the newly created facilities to the
operating persommel and winding up of the project team or its transfer to a new
project. This might also include training of opetating personnel, transfer of left-over
materials, the releasing of specialised resources reserved for use in project, and
reasgignment of the project team to a new project.

{(v) Organisation of this Beok

This concept of a project life cycle has been found to be very useful and you would
notice even this book is structured, more or less, on these lines. This book ig divided
inte four blocks:

Block-I - Project Formulation and Appraisal

Block-II - Project Planning and Scheduling

Block=I1I - Implementation and Control

Block-IV - Completion and Evaluation

{b) Project Interfaces

It should be noted that there cannot be 2 very clear demarcation between two
consscutive phases and there always exists a kind of interface and a transitional stage
between two successive phases. It is very important for a Project Managet to
understand and appreciate the nature of activities undertaken during each phase and
the kindz of transitions that are involved when the project is moving from one phase
to another. Fundamentally the first two phases consist of an intellectual exercise
where one is trying to design a facility and tries to achieve perfection in that design.
The emphasis during the execution phase shifts from planning to execution. The
primary focus during the execution phase should be on how well one can translate the
design into reality. It is very important for the Project Manager to realise this
fundamentsl difference and freeze the desizn before execution starts, It has been the
experience in a mamber of projects that the execution phase has suffered many hold-
ups, delayz, changes and cost and time overruns; all arising out of changes in the
design, scught to be Carried QOat after the execution has commenced. The interfaces
on the other hand represent a petiod of transition where both kinds of activities might
be oil hand and all the managerial skills available to the Project Manager must be put
to work to mange the interfaces. Managing these interfaces pose the greatest
challenge to any Project Manager.

You will find-1hat the entire cwrriculumn on Project Management is also built around
this concept of project life cycle and you will learn more about cach phase and its
management in subsequent units.

(¢) Project Organisation

This iz another area of studying the management concepts of project. As you know,
Organisation ¢concerns the art of grouping various tasks into manageable sections,
departments, divigions, business groups, ¢tc. 5o that individual managers can be
assigned responsibilities for overseeing the functions of a group; and the overall
objective of the organization are smoothly achieved. As we have discussed earlier,
the central objective of any organisation is to achieve a high degree of co-ordination.
Any project constitutes interactions of a large and diverse set of agencies having a
wide vatiety of skill, who contribute their efforts towards the realisation of the
project. This diversity and

13
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complexity of activities undertaken, together with its uniqueness and 4 time bound
plan for execution imposes special requirements on a project organisation. A key to
the success of a project lies in the ability to achieve a very high degree of integration
of the efforts of different agencies involved in & project. In addition to the owner, &
project might include the involvement of a Consultant carrying out the basic design
and supervision work, a technical collaborator providing the technical know-how, a
large number of manufacturers supplying the equipment and machinery, and a large
number of construction agencies engaged in civil work, structural fabrication and
erection, equipment erections, ttial runs and commissioning. Large projects would
also involve different layers of contractors, since a major contractor would employ a
number of sub-contractors and gach sub-contractor would, in tum, employ sub-
contractors. The owner's organization itself may be very large with a number of
divigions or business groups. All members in the owner's otganization itzelf may be
very large with 8 number of divisions or business groups. All members in the owner's
organization may not have the same interest with respect to the project. The tagk of
coordination and integration of the activities of such a large number of agencies -
hath, within the owner's organisation and cutside, is a complex one. Each specialist
brings with him or her a certain degree of conviction and protectionist viewpoint
regarding one's own specialisation. The objective of integration ig further
complicated by the need for allowing each specialised function, a certain decree of
freedom to operate within one's own speciality and to perform creatively and deliver
the best. This usually is known as "differentiation.” A successfil project manager
must strike a balance between the degree of differentiation allowed and the extent of
integration demanded out of the functioning of different agencies and gpecialities.
The role of 2 Project Manager is more of an integrator, that of synthesizing the efforts
of different specialists into a meaningful whole, in congonance with the overall
objectives of the project. All projects present a very fluid zituation in which people
face new situations and challenges every day and it is very difficult to foresee all
situationr and provide for standardized systems, procedureg, rules, etc. to tackle every
situation. Tt calls for a high degree of understanding, flexibility, team spirit and
leadership qualities in the managers handling the projects. The structure of an
organisation sometimes fosters certain environment and sometimes hinders
coordination. The degree and the extent of the inter-dependency between different
sub-systems of a project determines the nature of the integrating effort or "pulling
together" that are required. Progresgively, stronger integration is achieved through
following organizational measures:

- lizizon positions

- task forcey

- special teams

- coordinators {or permanent integrators)

- full project management

= matrix organisationa

These devises are arranged in the order of increaging complexities of projects and,
therefore, increasing need for integration, However, the need for differentiation
cannot be overlooked. You will learn mors about the project organizations and the
issues involved in project management in a subsequent unit.

A related isgue in Project Management concerns the behavioural dimension of people
engaged in projects. Projects present more than an average challenge to every
metnbet. Projects also provide less than avetage facilities to its people. Obviously,
there is enough scope for behavioural problems to arise. Therefore, this requires
special attention and calls for different kind of leadership for successful project
management. Anybody who is not comfortable with 8 work situation which is
changing every day may find it too difficult to adapt to a project environment. This
eesgential changing situation needs to be captured in the payche of every manager
involved in projects, The situation is further aggravated when on logks at the
transition period from one phase to another phase of the project. The trangition from
the design to the execution phase is a most difficult transition. Design is much more
creative in nature. Execution is much mors hard work and field level organisation. It
has been seen that managers who have excelled themselves in the design stage have
found it very difficult to adjust to the din and bustle of execution. The interface

14



period ig a period when design hag not yet been completed

and execution has already commenced. The project manager has virtually to swim
with his two legs on two different boats. How does one manage with situations and
the behavioural consequences and demands on project managers will be discussed in
detail later.

{d) Project Monitoring and Control

As 8 student of management, you must, by this time, be familiar with the basic
functions of management, namely, planning, organising, staffing leading and control,
planning, control and replanning constitute the endless cycle of management. Project
Management, therefore, cannot escape from this, The most essential concept in
project management is the concept of monitoring and control. Simply stated
monitoring involves finding out the actual statns of a project; and control invelves
comparing the actual status with the plan, find out the deviations and initiating
corrective actions so that the original plan could be fulfilled. You can derive a smile
from the situation of a dog spotting a hare and runnhing towards it to catch it. The
hare, knowing that it has been spotted, starts to run away from the dog. The dog
continuously monitots the location of the hare and keeps on changing its directions
till it catches the hare. A project similarly begins with an ori;inal target. However,
due to a mumber of interactin® forces, the actual achievement with respect to various
tasks seldom matches the planned achievement. Thig happens because it is
impossible to forezsee everything that one encounters while executing a plan and these
unforeseen and uncontrollable factors cause deviations in the plan. A project
manager, therefore, needs a very effective system of keeping abreast of what is
actmally happening and thereafter talee steps to correct some of the deviations that
have already taken place. Such corrective actions lie at the core of muccessful project
management. Project management, therefore, must have a system to measure the
results effectively at pre-determined intervals, comparing them with the planned
results and deciding and taking cotrective actions. Thiz function is known as the
Project Monitoring and Control fimetion. For the successful execution of a project, it
18 essential that an approptiate monitering and control gystem is also thought out and
implemented.

{€¢) Project Management Information System {(PMTS)

The monitoring and control system of a project needs the support of a suitable Project
Management Information System (PMTS). A comprehensive PMIS would cover the
complete life-cycle of a project and would provide the necessary suppott for decision
making. One important purpose of this information system is to receive the actual
data about the statug of a project at pre-determined intervals, process this information
to evaluate the impact of these outcomes and project these impacts in terms of an
expected date of completion and an expected cost of completion. These processed
information are then made available to the Project manager and his team who would
then use this to decide the necesrary corrective actions and execute them. All projects
should, therefore have a well thought cut Project Management information gyatem.
Usyally, the use of a computer for starting all information about a project and
regularly updating this information based on the actual status: helps in successful
monitoring and ¢control. You will leam more about monitoring and control. PMIS and
computer applications in project management in subsequent umits.

1.6 TOOLS AND TECHNIQUES IN PROJECT
MANAGEMENT

{(a) PERT/CFM

As mentioned in the beginning, a number of tools and techniques were developed in
the very beginning of the development of the discipline of project management. The
most important tools are known as programme Evaluation and Review Techniques
{PERT) and Critical Path Method {CPM). These techniques enable a Project Manager
to use the graphical network method of representation of a project with indications of
the time required to complete each activity. A network depicts the sequential

15

Project Management :
An Overview



Project Formulation
and Appraisal

relationship of different activities. The time taken by each activity and the longest
chain of the

activities from the begirming to the end known as the "Critical path This chain of
activities controls the total time requited to complete a project and deserves the
greatest attention from the Project Manager. You will learn more about the network
techniques subsequently.

These methods of working out the time required for project completion have been
extended to include the costs for each activity, the resoutces requited for each
activity and the uncertaintiez invelved with each activity with the in out of time, cost,
resources and probability for each activity. It is possible to workout an overall project
schedule, a schedule of funds required, a projection of the resources necessary for the
life cycle of the project and to work out the probabilities of completing the project
within a given time-frame., Modern computer alogorithms are available which will
enable a manager to find out optimum project duration that will minimize the total
cost of a project. It also allows a manager to secthe profile of resources required and
to try to level off the peak requiremenits of certain critical resources. Yon will learn
more sbout these tools and techniques in a separate unit.

{b) Resource Levelling

Any project would use & variety of resources. These might include equipment of
specialized nature like heavy duty crawler, cranes, concrete misers, transport vehicles
efc. Resources would alge include various categories of skilled manpower for
carrying out different activities in a project. One of the fundamental benefits of the
network planning tool is the ability to plan for parallel action. This means that the
proposed activities would be caried out simultanecusly by different agencies using
different resourecs. You can imagine a network to comprise of a serics of parallel
lines, each line representing one chain of activities. With some interconnections, (See
figutre). The longest chain of activities statts from the beginning and go all the way
upto the end of the total project duration. This chain of activities is known as "critical
path". Howevet, there would always be a number of other parallel chains of activities
which will also span part of the entire duration of the network. They important point
to note is that they are all in parsllel.

The network models allow the planner to consider the requirernents of vatious
resources at nay point of time. This is called “resource planming'. For exart3ple, if
there are three activities rnunning in parallel and each one of them require the services
of a mobile crane then the project would need three mobile cranes at the point of
time. It will continue to need three mobile cranes as long as these three activities are
going on gimultanecusly. It during this period any activity needs to be performed,
which also requires the mobile crane we would require four mobile cranes.

Since resources arc always in short supply in reality, planners look for ways and
means of reducing the peak requirements of resources. Basically this can be achieved
by reschednling the non-critical resources. This is the easence of resource leveling. A
number. of algorithms and computer programmea/models are available which help
managers to obtain a fairly balance resource profile for a project.

{c) Corst Management

An important dimension of project management includes management of the
expenditure incurred on the project. Money could be considered to be a resource.
Applying the principles of resource planning described earlier, it is possible to
workout the requirement of funds at nay point of time during the execution of the
project. One needs to known the pattern of expenditure with each activity and simply
add them upr over the entire time period to get the requirement of funds for the entire
project. As hypothetically depicted in Figure-1 we have 15 activities and the
requirement of the funds for each activity in each time period is also indicated.
Adding these up, you can gee very easily that the total funds requircments for this
project and for this schedule can be easily worked out. These requirements can then
be plotted against time, as cumulative requirement of funds as planned. Against
these, the actual expenditure can be measured and thereby a graphical picture of the
budgeting pogition can be obtained. Thiz provides a very strong management cotitrol
tool in the hands of the project manager.
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Project management alzso offers yet another tool which allows a manager to consider
various cost options for carrying out individual activities and finding out & minimum
total cost solution for the praject. It is necessary to have data or estimates of different
costs of carrying out an activity and the associated duration for each activity.
Normally, it would cost mare to carry out an activity, ifits duration is to be reduced.
By spending more on the activities on the critical path it is possible to reduce the total
duration of the project at some additional cost. However, there are soms savings also,
There are certain indirect costs of a project which are proportionate to the overall
duration of the project and are independent of the individual activity costs. For
example, the site office expenses, power, lighting of the project site, salaries of the
project managers and other managerial personnel are not linked to individual
activities, If the total duration comes down, it is possible to save on these costs. It is
posgible to catry out an exercize which will minimize the total project cost, by
spending more on direct activities and thereby cutting down on the indirect cost.
{(d) Probability in Networks
The bagic difference, as you already know, between the PERT and CPM, concerns
uncertaintics, PERT was applicd for ICBM where activities durations were not
known. In order to overcomse this follow BETA distribution and obtained three
gstimates - Pessimigtic (B). Most Likely (M) and Optimistic {A) - for each activity.
Using these estimates and the following relations, it is possible to work out the
Expected Time {TE} for each activity.
A+H4M+B
e
6
It is also possible to calculate the standard Deviation (SD) for each activity by the
following expression:
B-A
s. —_——
6
Uging these expressions, planners can work out the expected completion time of the
project and the Standard Deviation for each activity. For a large project where the
critical path contains a number of activities, it i3 possible to make the assumption of
normal distribution and draw further inferences. You will learn more details of these
aspects later.

{e) Project Appraisal

Ag you have geen in discussions on the life cycle of a project, there is & decision
clement at the end of the feasibility phase: the "question mark' whether to go ahead
or, not, with the project. The whole process of answering this question is called
‘Project Appraisal'. Financial inatitutions as well as promoters of projects are keenly
interested in this process, Their interest stems from the fact that project. The viability
of their appraisal process. If the appraisal is unrealistic, then it is posgible to drop a
very good investment proposal and thereby loge a good investment opportunity, On
the other hand if inadequate appraisal leads to investments in an uaviable project,
investments would not generate the expected returns and may lead to sickness of the
project/enterprise. It ig, therefore, essential to consider all agpects of project viability,
before deciding on further investments in the project.

The following specific aspects must be covered:-

Technical Viability

Commercial Viability - Market Demand

Finaneial Viability

Economic Viability

Environmental Viability

6. Managerial Viability

In essence, the project should be technically feasible and adequate demand should
exist for selling the products genetated by the operation of the project facilities.
There should be adequate financial returns, and adequate returns to the national

e ML e
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economy. All environmental requirements must be possible to be fulfilled and the
enterprise must have the capability to manage the facilities efficiently and effectively
after the project is over. You will learn more details about the feasibility and project
appraisal in the subzequent units.

{) Computer Applications

A number of computer routines are available for carrying out various exercizes. In
fact gll the tools and techniques mentioned above like PERT, CPM. Resource
Leveling, Cost Crashing, PERT Probebility Calculations and Project Appraissl can
be carried out with the help of a caompuier. Routines are available which are suitable

both for applications on the Personal computers (PCs) ag Mini-computers (MCsg).

Computers have also beent extensively used as a base for Project Management
Information system. In fact, advantages of project management can he exploited far
better with the added support from the computer. In the eatly days when computers
were not available, one steel plant did make use of the project management
techmiqueg for the relining of their blast furnaces. The original schedule used to be of
about 90 days. However, it was not possible to manually update and revise the
network hefore one month. Ag a result, the impact of delays did not come forward
quickly, With the introduction of computerised network management, it was possible
for the project authorities to have field data on progress up to 6§ AM collected and fed
into the computer, The resultant criticel path and the impact analyziz could be carried
omt quickly and managers conld discuss the implications of delays at around 2 PM
and take suitable cor‘ective measures. As a result of thege quicker reviews, the overall
delay in the project was brought down from an average of 40-50 days, to less than 10
daye. In one instance, a very small non-critical activity which wag assumed to have
been completed, become critical, because in reality it was not completed. If this were
not noticed in advance it could have resulted in a much longer delay.

1.7 SUCCESS FACTORS IN PROJECT MANAGEMENT

Baker, Murphy and Fisher have conducted a rescarch survey of 650 projects to

identify the success and failure factors. While the general perception of successful

projects includes fulfillment of the time and cost schedule and technical specification,

their regearch finding puts foremost emphagis on final project

achievement of the project's mission and perceptions of different stake holders ofa

project. They conclude that -"In the long run, what really matbers ix whether the

parties associated with, and affected by a project are satisfied." Some of the

prerequisites of project succers may be identified ar under:

1. A through feasibility study which does not overlook any gignificant element
affecting the project.

2. A well planned DPR which ig accepted by all concerned agencies, and frozen
before execution:

3. A capable project manager and a good team around him, with involvement right
through all four phases of project.

4. An adequate organisation with proper systems of communication, feedback and
control mechanisms,

5. Adequate understanding of mutual roles and responsibilities of all interacting

agencies with clear understanding of demarcations, dependencies and
complementaries.

6. Quick identification and resolution of conflicts that is nonetheless inevitable.
7. Adequate and timely funding.

8. Certain degree of insulation to front line project managers from undue impacts
from the environment,

9. Regular updation and appropriate actions to continuously correct the deviations,
till the end of the project.
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The above list is not at all exhanstive, tut includes some of the more important
clements for a successful project. We hope you would enjoy reading the subsequent
units that would unfold this subject to you, in greater details.

1.8 SUMMARY

Concept of project management is explained in this unit. Project ig differentiated
from the regular operations on the number of parameters. M8-5 deals with the
computational part of the CPM/PERT, when this unit deals with the history of
CMP/PERT only. In the Project Life Cycle (PLC), & project in divided into four
distinct phases: feasibility; design; production and termination, Details of each step is
enumerated. CPM/PERT, Resource levelling, cost management, probability in
networks are few tools and techniques in project management. Personal Computer is
helpful in construstion of CPM/ PERT, resource levelling, PERT probability
calculation, project crashing, and so on. Finally success factors in project
management is analysed and some pretequisites are identified.

1.9 SELF-ASSESSMENT EXERCISES

1. Distinguish between project and production management, giving examples,
2. Describe the important phases of a project life cycle.

3. What iz the concept of concurrent engineering in project management and how
can it be used to optimise project durations?

4. What, according to you, are the critical success factors in project management'?
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UNIT2 FEASIBILITY AND TECHNICAL
ANALYSIS

Objectives
After studying this unit, the student will be able to:

+ understand what is meant by feagibility studies in the context of selection &
evaluation of projects

+ explain in general how feasibility studies are conducted, and what parameters are
considered

¢ nderstand in particular the importance and galient features of commercial &
technical analysis,

Structare

2.1 Introduction

2.2 Nature of Project Decigion

2.3 The Project Development Cycle

24 Opportmity Studies

2.5 Pre-feagibility and Feasibility Studies
2.6 Technical Analysis

2.7 Summary

2.8 Seclf-Assessment Exercises

2.9 Bibliography and Further Readings

2.1 INTRODUCTION

In thia unit we will dircuss the context and mechanicg of conducting feagibility
studies for projects. We will particularly study, in a relatively greater detnil, the
different aspects of techno-commercial anglysis of projects,

2.2 NATURE OF PROJECT DECISION

Project decisions are usually complex and long-term investment decisions involving

commitment of not only financial but also other valuable resources, inchiding

personnel, facilities and time. These aim at the creation or improvement of new

products ot fixed assets (like land, buildings, hospital, factories, roads, power stations

efc.} to meet certain needs and objectives of the investor. All such decisions, whether

in public or privete sector, necessarily entail some risk due to their future orientation.

The risk may arize from miscalculate resources, from cost- and time- overruns,

setting up of non-viable units, or building up excessive capacities, for example.

Magnitude of this risk can be reduced considerably by following a rational procedure

in which -

a) a sufficiently large number of good-quality alternatives, whether mutually
exclugive or otherwire, is generated for consideration,

b) reliable and adequate information iz gathered about each alternative inchiding its
gub-options, and

¢) the sub-options and the altetnatives are (in that order) subjected to systemnatic and
objective evaluation in relation to technical, economidc, financial, and other
pertinent parameters for gelection of the best course of action.

Most industrial and commercial projects require large outlays and are highly involved

on account of geographical, technological, economic, environmental, legal and other

factors
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including trans-national dealings. Once resourcez are committed to them, it is rather Foasibility and
difficult to retract without suffering large losses. It is, therefore, important that Technical Analysis
project decisions are taken after much careful consideration, so that the scarce

resources are utilised in the mort effective and economic manner.

Cn the other hand, nigorously following the steps outlined above may prove too time-
consuming the costly. For example, while considering the setting up a new steel
plant, several man-months and lakhs of mupees may have to be spent to analyses the
vighility of gll alternate processes/technologies and to evaluate the costs and benefits
associated with each. And after going through thir elaborate exercise the resulir may
leave one with no alternative but to abandon the proposal! Tt ig, therefore, degirable to
proceed in this matter in a systematic, but are minimised, if net aveided altogether.
Such an approach not only yields better project decisions but also assists greatly in
project implementation.

2.3 THE PROJECT DEVELOPMENT CYCLE

A typical project would go through a development process having the following
three distinct phazes:

1. pre-investment phase, leading to the authorization (investment decigion) for a
particular project idea under prevailing conditions;

2. Investment phase, involving detailed design and actual implemenitation, leading
to fructification of erection of relevant assets:

3. operation phase, following the "commissioning" (or start-up) of the completed
project. Now the project would hopefully produce 'the stream of "benefits™ for
which it was originally conceived.

‘We shall briefly examine thege phases in the following paragraphs, before proceeding
to study the main subject matter of this Unit in greater detail.

1. The pre-investment phase. This phase would usually involve the following four
stages:
a) Idenmtification of relevant inveztment opportunities {or project ideas) through
sppropriate type of opportumity studies;
b) Preliminary filiration of the project idea(s) through pre feasibility studies;
¢} Project formulation, resulting in the detailed ¢fechno-economic) feasibility

report for the cach project idea considered worthy or further examination at
the previous stage;

d) Final evaluation and declslon. This is to be based on pre-selected, clear,
and ohjective criteria derived from legitimate and reasonable expectations
and requirements of various stakcholders, and culminates in the evalnation
report,

2. The investment phase. This phase involves several inter-disciplinary tasks and
has the following four stages. A task-force approach has generally been found to
give the best resuliz for successful conclusion of thiz phage,

a) Negotiation & Contracting. In this stage basic specifications for project
plant & equipment are drawn up. (usually with the help of technical
consultants), bids or tenders invited and evaluated, and legally enforceable
dutics and reeponsibilitics of different partics (like, for example, the owners,
financiers, technical consultants, know-how providers, equipment suppliers,
architects, and one incorpotated into contracts, with expert legal assistance
Tor the more crucial aspects.

b} Detafled Project Design & Engineering. This covers detailed site
investigations and tests; design and approval of plant lay-out, preparation and
approval of engineering drawings and blue-pints, time schedules and PERT
charts, final selection of technology and equipments, and detailed estimating

of costs.
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¢} Construction & Erection, involving actusl construction, erection, or
installation and work, interpretation and follow-up of the contracts, project
management, and making suitable changes in design & engineering on
account of unforeseen factors and changes in recope.

d) Trial Runs, Commissioning and Optimisation, followed by handling over
of the proven project by the contract (8) to the management or owners.

3. The operation phase. This phase involves day to day operation of the completed
project, and is expected to yield resulis which meet the orifinal objectives for
which the project had been conceived, formulated and implemented.

24 OPPORTUNITY STUDIES

‘While no investor, whether an individual or an organiration, would like to miss out
on profitable opportunities to either enter a new, attractive businegs, or to cxpand an
existing business, out all opportunitics are worth being so pursued. The task of sifting
the two types of opportunities is facilitated by opportunity studies.

Identification of suitable indurtrial or commercial opportunities for invertment

necersitate, firat and foremost, a delineation of the objectives of the investor. These

should be carefully prioritized and as far as possible quantified, to reduce vagueness.

Secandary, the investor needs to become aware of the existence of possible

invesgtment opportunitics. Information brought out by various sources can be helpful

10 him in this directicn. In India, such sources include government departmenis,

various Chambers of Commerce and Industry (e.g CIL FICCL NAFEN, PHDCCI and

ASSOCHAM), National Small Industries Corporation, and several other institutions

including the business press, CMIE, ete. They tegulatly publish valuable data and

analytical reports about the trends of demand, supply, costs, installed and proposed
additions to capacities, etc, in various segments of industry and business.

Another way of going about this part of the pre-investment studies is to carty outa

gystematic analygis of the following (illustrative) list of items. Thig is likely to reveal

a number of potentially viable opportunity alternatives to an investor without much

expenditure.

a) Agricultural outputs which can be processed firther; £.g., soya can yield soya
flour, proteins, protein concentrates, refined soyabeen oil, etc.

b) Packaging for vatious types of products (e.g. commercial, industrial, consumer
durables, semi-durables, processed foods; ete.)

¢} Forest produce and related industries; for example, timber rubber, paper, boardz
efc.

d) Substitutes of scarce items; for example, wood substitutes like concrete sleepers
(for railways), metal frames for doors and windows, PVC partitions, and
moulded plastic fumiture.

¢} Existing, and new, consumer products (durables or otherwise) for which demand
ia expected increase owing to favourable social, income, health demographic or
other changea; for t xample,'sutomobiles, personal computers, washing machines,
LPG stoves, hair dyes, etc.

f} New and rapidly growing demands in service sector; for example, credit cards,
information, databases, data,processing, financial intermediation, time-shared
holida:. resorts, marriage bureaus, ete.

g) Cumrent imports, to identify oppertunities for their local manufacture (import
substitution) or for developing aubstitutes.

h) Manufacturing/zervice sector items successful in other countries with similar
levels of development, capital, labour natural resources and economic
background.

i) Possible intetlinkage with othet industries, indigenous or international.

i} Extension of existing products/services by backward or forward integration; for
example, a downstream TV unit for a company manufacturing picture tubes, or
an



k) Diverzification into related (or even unrelated) areaz of activity, in which the Foasibility and
investor's existing strengths are particularly helpful. Technical Analysis

I} Emetging new technologies/processes; for exarmple, genetically engineered
medicines & pesticides, cellular telephones, parallel computing, etc.

m) Expansion, or modification/ modernigation, of existing facilities to attain
economies of scale or technological benefits.

n)} Incentives offered by local government for new units in specific
sectors/locations.

o) Economic & indusirial policies {(e.g. duties and import or export restrictions) of
local and foreign govemments,

p) Export posgibilities in areas having the benefit of comparative advantage. For
Example, export-oriented labour-intensive units in a cheap-labour country, or
ore-benefaction plants for exports to a nearby country lacking in the resource.,

By their very nature, opportunity studies are indicative rather than detailed and hence

are generally based on macro-parameters and rough estimates. Such studies may also

be carried out at 8 more general (or macro) level to identify opportunities in one of
the following three directions:

8) a8 given peographical area (Area studies).

b) a specific sub-sector of economy or industry, like food-processing,
pharmaceuticalz, or power generation (Sub-sectorial studies).

¢) exploitation of renewable and non-renewable natural, agricultural, or industrial
produce like minerals, sugarcane, flash, fish, plants, and even geothermal energy
gources, etc. (Resource-based studies).

Outlines of these general opportunity studics are given below to familiarise the reader

with their nature and scope.

OUTLINES OF GENERAL OPPORTUNITY STUDIES

A, Qutline of an Area Study

1. Basic Characterigtics of the area:

a) Geographical location;

b) Size;

¢} Important physical features {e.g. forest, agricultural, sendy, undulating, hilly,
riverine, rocky, water-logged, etc );

d) Contour maps;

¢} Environmental sensitivity, if any.

2, Population size, and socio-economic data inchiding background, empleyment
and educational pattern and per-capital income, in the context of the country or
state.

3. Major exports from, and imports into, the area.

4. Basic exploited and potentially exploitable factors of production (land, labour
natural regources, etc.)
5. Structure of any existing manufachuring or service industry utilizing local

TEEOUICES.

6. Infragtructural facilities (like transport, power and telecommunications)
necessary for developing new business or industry.

7. A comprehensive check-list of industries or businesses that can be developed
exploiting the regources and facilities available in the area.

8. Revigion of the above check-list of industries or businesses by excluding the
following:

a) Those for which present or anticipated local demand is too small and cost of
transportation to other markets (including expert markets) too high to yield
acceptable profit levels.

b) Those facing rather insurmountable competition (local, or from nearby
areas).
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10.

11.

12.

13.
14.
15.

16.
17.

18,
19.
20,

21.

¢} Those which should and can be more favourably locate in other areas. and

d) Those for which the vital feeder organisations or industry are located too far
away.

€) Those for which the area’s characteristice are not suitable.
f} Those which do not meet the investor's priorities and resource allocations,

Estimates of present and expected demand-supply gaps based on other studies or
publisher data.

Identification of approximate economic sizes of new or expanded buginess or
industrial units, after considering estimates of both costs and revenues.

Estimated lump-sum capital costs of selected industries/busineszes, taking into
account
a} Land including site development;'
b) Essential civil works (buildings & outdoor works);
¢} Technology or technologies;
d) Flant & Equipment (Main, Auxiliary, Standby, and Service);
e} Project implementation;
f}y Preliminary expenses including for feasibility studies;
) Working capital requirements,
Approximate operationsl requirements of major inputs for each project, classified
according to the source of supply (local, national, imported). These should cover:
A. Material inputs
8) Raw materials (e.g. cosl for a thermal power plant),
b) Processed materials (¢.g. coke for a stec] plant),
¢) Manufactured goods (e.g, castings for a car plant),
d) Auxiliary materials (e.g. steel scrap in an integrated steel plant), and
&) Spares and other materials for plant & machinety.
B. Utilities like water, electricity, steam, gas, telecommunications, etc..
C. Manpower -managetial, technical, and other.
D. Information.
Estimate of production cost based on item 2 above,
Estimates of anmmal gales revenues and impact on market share/product-mix.
Organizational and management agpects of project sponsor(s) or potential
enterprise,
An indicative time schedule for implementation.
Total investment contemplated in projects and peripheral activities like
development of infrastructure, promotional activities, stock-yards, ete.
Source of finance visualized.
Estimated requirementz/savings/eamings of foreign exchange.

Financial appraisal giving approximate pay-back period and rate of return on
investment.’

Indicative estimates of overall economic benefits (e.g. balanced regional growth,
gavings or earnings of foreign exchange, generation of employment, reduction of.
socigl digparities.

Cuiline of a Sub-sector Study

The place and role of the sub-gector in the economy.

The size, structure and growth rate of the sub-gector.



3. The present size and rates of growth of demand eitems in the sub-sector which Foasibility and
are Technical Analysis
a) not imported,
b) partially or wholly imported.
4. Rough projections of future demand for cach item,
5. Identification of the items in shert supply that have good growth and/or export
potential.
6. A broad survey of the raw materialg available indigencusly.
7. Identification of opportunities for development using items 2, 5 and 6 and factors
like infrastructute, transport costs, ete.
8. Identification of appreximate economic sizes of new or expanded business or
industrial units taking into consideration economica of scale in production and
sales.
9-19. See items 11 to 21 of Section A.

C. Qutline of 2 Resource-hased Study

1. Nature of the resource, it prospected and proven rescrves, past and esxpected
future growth rates of tis extraction/utilization, and future potential.

2. Role of the resource in nationsl economy, pattern of its utilization and demand in
the country, and exports.

3. Industries presently based on the resource, their status (e.g. small-scale, private,
public) and growth pattern, capital employed and. manpower cngaged,
productivity, future plans and growth prospects.

4. Major constrainiz and conditions in the growth of indusiries/businesses based on
the resource.

5. Estimated growth in demand and prospects of export of items that could utilize
the resource.

6. Identification of investment opportunities based on items 3, 4 and 5, and of costs,
availability and requirernents of factors like transportation, power and water,

7-17. See items 11 to 21 of Section A.

2.5 PRE-FEASIBILITY & FEASIBILITY STUDIES

As pointed out in Section 2.3 above, after the identification stage, the project ideas
are subjected to a process of preliminary filtration through pre feasibility study. Thir
involves the study of the project idea at a more elaborate level than that carried out
at the opportunity study state. Thig is an intermediate stage between an opportunity
study and a full-fledged feasibility study primarily designed to probe relatively
doubtful project ideas. This stage is recommended to be followed when project
formulation, or a detailed techno-economic feasibility study, which would enable
the investor to atrive at definite decision about the project is both costly and time
consuming. However, but for the difference of depth of analysis and the level of
detail in the study, the pre-feagibility study iz on the pattern of the main techno
economic feasibility study. Of course, if the preliminary projections thrown up at the
stage of opportunity study are themselves quite encouraging or decisive, pre-
feasibility study stage may be ignored and one may straighteway take up the
feasibility study itrelf. A pre-feasibility study ehould not normally take more than
three months to complete, and on the basig of its results the inveator should be able to
decide:

a) whether the project can be straightaway accepted or rejected,

b) the project requires a detailed analyais {i.e. a feasibility study), or

¢} some aspects of the project need to be subjected to special investigations or
studies such as market research, physical or mathematical modelling (e.g. fora
complex nuclear plant), site surveys, laboratory tests, etc.
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The basic aspects which need to be considered at the stage of pre-feasibility study are

quite similar to these dealt with earlier. For example, the first step would focus at the
existing gap between the demand for and supply of the product (or gervice). This has
to be refined further in terms of the future scenarios that are likely to emerge during
the life of the project and estimates of saler' made at different levela of market

penetration. Next, the investor has to look at the availability and costs of essential

factors of production like land, labour, materials, technology, plant & machinery ete.,

which would determine suscessfil execution and operation of the project, Finally,
operational costs like overhead, wages, expenses and revenues have to he estimated
at different levels of plant ntilization.

As it i not practical to discuss all such agpects for various types of investment
alternatives her, we will take a look at UNIDXO'S outling of pre-feasibility study only
for industrial projects, a modified version of which is given below.

Outline of a Pre-feasibility Study

1. Executive Summary : Gives the title, brief description and objectives of the

proposal, and a summary of all the essential findings and recommendations of the
study in about two pages.

. Project background and history : Identifies the project's sponzor(s) and gives a

chronological account of the project and various studies, surveys or
invegtigations carried out, alongwith their results.

. Analysis of demanded supply:

a) Demand capacities and market : Outlines profiles of customers and their
needs, estimates of present and future trends of gross demand, production
capacities set up and their ntilization levels, and imports/exports. Describes
the characteristics, potential and role of the industry in national and regional
economy, and government's policy towards it.

b) Sales forccast and marketing: Covers the qualitative and quantitative
aspects of coropetition to the project, distributional requirements of the
product/ service. Proposes viable sales organisation and sales programme,
giving estimates of annual revenues and costs of marketing and sales (in
local/foreign currencies).

¢} Production programme: Proposes production levels of products and by-
products. Estimates consequential wastes and emissions (solid/liquid/gas),
and annual expenditure on their digposal or treatment.

d) Plant capacity: Determines feasible normal plant capacity (i.e. the
production level achievable under normal working conditions duly taking
into congideration the feagible equipped capacity; holidays; stoppages for’
shift-change, tooling, preventive maintenance and repairs, and other reasons;
and nature of the production process - continuous, baich or job) and specifics
gquantitative relationship{s} between rales, plant capacity, and major inputs.

. Analysis of inputs: Gives approximate requirements of raw, semi-processed/

processed materials, utilities auxiliary materials, tools and spares, etc. alongwith
availability, sourcer or supply and estimates of annual costs (local/foreign).

. Location and site: Recommends geographical location and sitting of the plant/

facilities and specifies esgential related activities and cost-estimates.

. Engineering & techmology: Describes in suitable detail,

4} the exact scope of the project,

b) technology(ics) and processes that can be applied to the project considering
the proposed capacity, location, and nature of inputs, and estimates of costs
(local/ foreign) of the inputs.

¢} rough lavout of the bagic plant & equipments (covering production/auxiliary/
service equipments) and related costs (local/foreign), and

d) Civil engineering works (covering site preparation and development,
buildings & structures, special civil works, and outdoor works) together with
rough cost estimates (local/foreign).
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7. Organisation: This gives, Feasibility and

8} an cutline of one recommended organisation structure for production, sales, Technical Analjul
and administration; and

) estimatea of overhead costs (covering factory, administration and financial
arrangementz).

8. Manpower: Provides estimates of manpower requirements in different
categories of levels and skills, alongwith estimates of annual direct and indirect
costs of manpower, for different years of operation.

9. Execution schedule & methodology: Gives a rough time-schedule for
implementing the project, and estimates of costs to be covered during the
implementation phase. Broadly outlines the approach recommended to be
followed for tmplementation, e.g. turnkey contracting, in-house construction,
item-rate contracting, etc.

10. Financial & ¢conomic evaluation: This covers -

8) estimates of total costs of investment and their cash-flow pattern,

b) proposed capital structure, modes of financing, and annual financial costs
(interest, leare-charges, etc.)

¢} estimates of total fixed and variable costs of production

d) financial evaluation of the project, in terms of -

+ pay-back period

¢ bresk-even point

+ return on investment
= nternal rate or return

e} economic evaluation of the project using cost - benefit analyris (based on
relevant ghow price for goods, services and foreign exchange.

f} cost-effectivencss analysis for projects whose benefits cannot be quantified
in money terms relative changes in the project's Net Present Value, Benefit-
Cost ratio, or TROR with respect to marginal variations in key project
variables like sales, product-milk, capacity utilization, operating costs, etc.

As compared to a pre-feasibility study the analysis involved in a feasibility study in

much more rigorous and requires gpecialised skills of a higher order, even though the

basic framework is similar to the outline presented above. Further, it i3 usually based
on additional, and more reliable, data especially pathered through research, surveys,
pilot plant studies or tests for the project idea, tis location, and its techno-economic
envirenment.

Cne must not lose sight of the fact that a feasibility study is basically an aid to

decision making, and hence the deployment of time, money, and other resources on it

should never be allowed to outgrow the potential benefiis that it may hopefully yield

In terms of time, it has been preceded by a pre-feasibility study. Moreover, it should

be able to generate capital cost cstimates with a margin of etror not exceeding 25%

and help the investor to decide whether to abandon, postpone, or go ahead with, the

project, Its findings should also help one to assess the relative strengths and
weaknesses of prospective participants in the project at the negotiation stage in the
investment phase.

It seems appropriate to strike another note of caution. This relates to the fundamental

distinction between form and content. In other words, even if a feasibility report has

gystematically covered all the relevant aspects, it may still lead to an incomrect project
decision if -

8} the project formmulation suffers from incomplete or inadequate data; or

b) the underlying data or assumptions are unrealistic or incorrect or incorporate
excesrive safety margina; or

¢} the report hag been deliberately tailored to meet (or fail) aceeptance criteria, for
example by inflating (deflating) revenues and deflating (inflating) outlays; or

d) unknown or unpredictable factors intervene.
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2.6 TECHNICAIL ANALYSIS

In this Section we will examine how the techmical aspects of a typical project idea
can be gerutinized in detail to evaluate its technical feasibility, ag distinet from
commercial, fmancial, economic and managerial feasibility. For the sake of
comprehensiveness we will cover Environinentat Inpact Analysis (EIA) also, as a
part of this analysis. While the various aspects to be examined will obviously vary
from project to project, the following summary covers the more common cnes
briefly.

1. Objectives: First, the project preposal mmst fall within the ambit of the stated
mission of the sponsor(s). Next the proposal must be able to further the
objectives and prioritics of the sponsor(s). These must therefore be ascertained
and clearly recorded, alongwith detailed specifications for the output
(product/service). Together, these constitute the basic frame of reference for all
Tuture decisions.

The private gector would usually expect a project to earn a high enough profit,
i.e. a stated level of return on investment. Only for core projects (which are
intended to basically support other highly profitable projects) may this
requirement be relaxed. In contrast, the public sector penerally has multiple
objectives and profitability normally takes a back seat. In either case, it is

easential for the project analyst to keep the organiration’s objectiver - a alongwith

their inter-s¢ priorities - in sharp focus, to ensure that his efforts follow the
cotrect direction.

2, Location and site; Initially, as many locations as pogsible should be identified
which meet the most fundamental operational requirements of the proposed
project. These should then be evaluated and an optimum location selected using
the criteria of material versus market orientation (zee note below), quality
standards, infrastructural status, local laws, and socio-economic and living
conditions. Within the geographical location so selected, alternative sites are
gimilarly identified and the most optimal one selected after considering factors
like terrain, local climate land its impact on plant & equipment and their
operation), availability and cost of land (plus its development), local
infrartructural facilities and their corts (power; water: road/ air/water tranaport;

telecommunications; efc.), socio—cconomic conditions, availability and quality of

labour and construction equipment, valid waste disposal alternatives and their
costs, local living conditions, public policies, local law, and taxes, etc. [Note:
Resource-oriented projects like mining of minerals involve items like geological

analysis covering geological structure, hydrological conditions, characteristics of

the resource, resource reserves, progpecting status, and expected geological
problems.

The locational decigion should be made after giving due consideration to vatious
benefits and incentives effered by governments or local bodies for setting up
production or service facilities in certain specified areas. These may include
assistance in the form of or in respect of capital loans and grants, tax,
concessions, clearances, aubsidies, infrastructure, etc. One way to do thiz is to
evolve {or use available). Location Cost Indices (LCI) for different sites. If the
cost (in a specified currency) of setting up a plant iz C, at location A and Cp at

location B, the LCT for location A is defined as 100 x C,/Cp. If reliable values of

L1 for different locations, whether within ong or more countries, are available,
the selection of an appropriate location becomes a bit more easy. Such valuable
information is however kept a closely guarded secret by a consulting company
and is therefore difficult to come by.

3. Plant Size: Determination of an optimum plant size is critical to the success of 2
project. A plant reprezents sunk costs and any under utilisation of its capacity
means either reduced profits or, for levelz below the Break-Even Point, losses.
The adverse impact of an extra-large capacity is felt all the more keenly during

the early years when profits are all the more important for survival. It is therefore
normally better to err on the lower side and fo build a plant having a capacity that
is likkely to be fully utilized quickly, rather than to go in for a large capacity in the

fond hope of a growing share of the market,
In a feasibility study, one-begins by locking ‘at projections of the demand-gupply
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gap in the market and anticipated armrives’ at the possible range of project sizes Foasibility and
after congidering various constants like availability of materialg, technology, Technical Analysis
equipment, public policy (for example, & large company may be precluded from
setting up capacities beyond a size) and finances, etc.. The best possible size of
plant & equipment is then recommended after analyzing the availability,
econamics, and practicability of different size options.
4. Technology: The same product or service can generally be obtained using quite
different technologies. Electricity, for example, can be gencrated using solar
panels, coal (thermal plants), hydraulic power plants, nuclear power plants and so
on. Basic telephone Sol-vices can similarly be provided using manual,
semiautomatic, or automatic exchanges. And, even the last-named category is
available if] various technological versions like Stronger, Crossbar, Analogue
electronic and Digital electronic. Needless to say, the latest technologies usually
represent many improvements over the existing or older ones. They may also
offer certain unique features. However, newly emerging technologies may have
some inherent dangers as well.

‘What is important for formulating a successful project is to weigh available

altemative technelogies and select the one that is most appropriate in the

prevailing situation, rather than blindly adopt the latest, state-of-the-art

technology assumin® that it will work gince it works elsewhere. A technology is

considered appropriate only if it is agsessed to be satisfactory, and relevant, vis-3-

vis the following aspects in lie specific situation of the project.

= Specifications of the tack/product

& Taskuncertainties and interdependence

= [Especially for pubhc sector] Developmental imperatives (e.g. growth of
employmut, maximising use of local resources; reduction of disparities in
income levels)

e Required gestation period versus the time actyally available of the project.

¢ Source(s) and ease of availability. [Remember the Cray super computer deal
between USA and India"?]

s Indigenous availability of comparable technology

+ Field validation status in comparable situations. If necessary, field trials may
have to be set up.
e Adnptability to the gualitative characteristice of the locally (or indigenoualy)
available resources including energy and efficiency in their usage
s+ Dependence on nonrenewable sources of encrgy
« Capacity of the organization to absorb/adopt the technology
+ Required operational parameters of ambient environment, For example, a
technology which has proven itself in cold climates may fail in tropics. ,
# Timely availability of manpower with requisite skills for installation,
operation and maintenance
s Cost of acquisition, installation, repairs and maintenance versus availability
of funds (local/foreign)
+ Safety characterigtica
¢ Requirement or availability of R & D facilities » Environmental and
sociocultural sensitivities
s Likelihood, and time framse, of obsolescence
After the existing technologies have been ranked on the basis of the above point,
these have to be further assessed vis-d-vis acquisitional aspects. viz., the available
modeg of procuring it and the associsted costs in focal or foreign cunrencies. The
important questions to be asked include: Is the technology available as a technical
know-how, or through a technical collaboration, or a joint venture? Are patents,
trademarlks, or licensing involved? At what terms and with what legal obligationg'?
Will it tie down the investor to procure equipment(s) as well from a specific country
ot company?
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5. Design, Layont & Flant & Machinery: The feasibility study should broadly

gpecify the recommended design of the processes and plant (giving essential
assumptions and design calculations). It should also present a rough layout of
various facilities and list out all the mejor equipments needed, with key
specifications and svailable source{s) of supply. Moreover, it should consider,
and evaluate, alternative equipments ag well and give reasoned recommendations
about them,

The importance of thoroughness of planning at this stage of the feasibility study
can hardly be overemphasized. Many delays, cost overruns, and even failures of
projects can be avoided provided the design and physical formulation of the
project are based on a sufficiently deep analysis and have the support of the
owner at the highest level. Otherwise, the project is likely to encounter mid-
steam changes, with untoward consequences. There is a general impression that
"miner" midstream changes would not pose much of a problem. This is not =0. A
project is & multi-task entity with complex linkages and interrelationships
between its various constituents, and even "small” changes, which may result in
certain made-to-order procured equipments being rendered unsuitable and thus
throw the project schedule and costs haywire,

The aim of all the efforts at this stage is to design a viable operating entity which
not only warks, but works harmoniously (and with minimum costs) in relation to
the stipulated inputs and local environment. Apparent as well as latent and
relatively infrequent factors having a bearing on the effectiveness of the project
must therefore be identified and congidered. Neglect of climatic and geographical
aspects (e.g. monsoons, floods, snowstorms, dust-storms, heat/cold-waves,
earthquakes, typhoons, etc.) at this stage can prove quite costly later on. It is
equally important to ascertain and give due conzsideration to local industrial and
gafety standards.

. Construction Process: This needs to be tackled in_the feasibility study in terms

of its five aspects, First, the methodology to be followed - viz., capital intengive
ot otherwise and its feasibility under prevailing conditions. Second, whether the
construction or installation is to be done in-house, or on a turnkey basis, or by
farming out a number of contracts for different work packages, and their
feasibility. A recommendation may alse be made whether any special agency(ies)
should be engaged as a patt of backup or contingency arrangements for critical
activity(ies). Third, the determination of such construction equipments, materials
and other essential inputs (like cement, sand, steel, stores etc.) as are to be
arranged by the owner, alongwith their alternatives, availability, source of supply
(local/foreign), lead-times, and infra-structural requirements {like umintermupted
supply of power, clean water, gas, steam, etc). Fourthly, the recommended
sequence and time achedule of different activities in the form of a bar-
chart/PERT network. Lartly, assesament of the financial implications of this
phage bazed on the lateat available unit coste and with provision for inflation and
contingencies.

. Inputs: These relate to the operation phase of the project, but need to be

identified at this stage of the feasibility study to examine the technical feasibility
of the proposed system(s). For this, classification of the inputs into following

categories will be found useful.
- raw materials,
- processed materials,
- components & sub-assemblies,
- spares and wear & tear parts,
- water & steam,

- gas, fuels and electricity.

Next, their qualitative and quantitative requiremnents {including buffer stocks, where
applicable), availability, feagibility alternatives and reliable sources of supply ghould
be carefully ascertained and record. The problems involved in their storage and
handling should be also asseesed.

8. Infrastructural Facilities: Availability and characteristicz of roads, bridges,

railway facilities (like station, yards), air transportation, weterwayz, ports, etc.
depending
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upon their relevance to the assessed requirements of the project at both Foasibility and
implementation and operation stages need to be studied. After studying the Technical Analysis
appropriatencss of the infrastructure existing arcund the project location, the
infragtructural requirements at the project site itself. A large part of the land area
ia normally required to he reserved for service roads, storm water mains,
railways, over-ground or overhead gas, steam, and air pipelines, water regervoirs,
and even harbors for certain large-scale indugtrial projects. A detailed study of all
such requirements, and of their implications in terms of time, resources, and
approximate costs is necessary to avoid surprises later on.
9. Manpower: The availability in needed numbers, of manpower of requisite skills
where and when required, has to be studied. This covers both the project
implementation and the operation {& maintcnance} phases. In case imparting of
training is alse involved, timely availability, and costs, of the training facilities
have also to be assessed.

10. Environment Impact Assessment (ETA); This study -

a) identifies the environment in which a project is to be implemented,

b) asserscs the short — and long-term impacts the former ig likely to be
subjected to ag reqult of the project activities during construction as well as
operation phases, and

¢} penerates preferred alternative courses of action, if possible.

Its inclusion at the feasibility study stage is necessaty for cettain projects since, under
the Environmental Impact Assessment Notification, 1994, issued by the Ministry of
Environment & Forests, Government of India, any expansion or modetnisation of an
existing activity which is likely to increase the pollution load, or setting up of a new
project listed mm Schedule I, ibid., is not permissible umless cleared by the Central
Government. The Schedule covers about two and a half dozen projects including
petroleum refineries, chemical fertilisers, bulk drugs, asbestos, thermal power plants,
paper, cement, and even highway projects.

The EIA process can prove to be of immense benefit to the project promoter, if
gincerely carried out, by ensuring that the natural resources are conserved or used
efficiently and serious problems likely to arise out of eny adverse effects on
community or natural systems are duly anticipated and provided for at the planning
stage ifself For identification of impacts, a liet of parameters relevant to the project is
drawn up, covering natural physical resources, natural biclogical/resources, and
quality-of-life values including aesthetic and cultural valueg. For instance, for
rail/road/highway praject the following parameters have been identified:

a) surface water quality
b) air quality

¢) seismology/geology

d) erosion

land quality

fisheries

forests

h) terrestrial wildlife

i} noise

7} acsthetics

k) industries 1) resettlement
m) archacological/historical significance
n) public health

o) socio-economic factors

Bnoe
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For each of these, the resulting impacts, whether beneficial or otherwise, are then
identified and a detailed Environmental Management Plan (EMP) prepared for such
mitigation, protection and/or enhancement measures, a8 are congidered neccssary,

In the above paragraphs we have briefly covered the salient aspects of technical
analysis. In reality, technical analysis rarely proceeds in a linear faghion covering
these aspects. There is a great deal of interactive information exchange in respect of
many of thege aspects. At the end, however, it should result in -

a) a fairly comprehensive recommendation about the "technical” panig of the
project package,

b) a precise recommendation, with or without conditionalities, about the
technical feasibility of the package (stating the assumptions, made), and

¢} detailed project specifications, which should fotm the basis for calling bids,
etc. during the implementation phase.

Needles to say, the preater the thoroughness with which the technical analysis is
carried out, the more reliable and complete the Project Specifications are, and the
lesser the chancea of major unforeseen problems cropping up and jeopardizing the
project

Activity 3

Bring out the impartance of pre-feasibility, feagibility studies and technical analysis
in ensuring success in the operation phase of the project.

------------------------------------------------------------------------------------------------------

2.7 SUMMARY

Identification of right project ideas is ctucial to minimise tisks inhetent in capital
investment. Opportunity studies help one in this direction. Next, pre-feasibility (or
Teasibility) studies, which are carried out in the present, help predict their workability
and effectiveness when implemented in (often distant) future. The approach followed
in such studies is that of subjecting all important aspects and activities of the project
to a gystematiOand skillful analysiz to bring into focus its likely viability on technical,
commercial, financial, and other grounds. Clarity of purpose, reliable and relevant
data, and objectivity are important requirements for getting the most out of the fotal
called feagibility study.

Technical "analysis” of 2 project actually covers both analysis and formulation. It
covers factors like location, technology, plant size, environment, and construction &
operational requirements of materials, equipmenits, manpower, and infrastructure. It
conceives and critically examines major alternatives of producing the product or
service (to meet the predicted demand) in terms of their productivity, effectiveness,
and main costs, and yields the bagic project specification for the recommended
course of action.

2.8 SELF-ASSESSMENT EXERCISES

1 'What are the phases of a project development cycle? Give the salient tasks under
each phase,

2. What are the outlines of opportumity gtudies in project management? How do
there impact upon project feasibility studies?

3. What is the concept of cleaner technologies?
4_ Should ecological analysis be separated for technical analyzis of the project?
Support your answer with reasoning and logic.
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UNIT 3 MARKET AND DEMAND ANALYSIS

Objectives

Study of this unit, will enable you to understand:

e importance of market and demand analysis in project management

+ aligning all capital expenditure to serve and satisfy the customers’ needs

¢  different methods of demand analysis, their comparative advantages and
disadvantages

+ increasing emphasis on acenracy in forecasting demands in the backdrop of
fierce competition and changing customer preferences

+ impact of errots in forecast and relationship between operating costs of forecasts
and their accuracy.

Structure

3.1 Introduction

3.2 Forecast versus Prediction

33 Time Horizon of Demand Forecasting
34 Need for Demand Forecasting

3.5 Uncertaintics in Demand Forecagting
3.6 Levels of Demand Forecasting

3.7 Determinants of Demand for capital Goods
3.8 Criteria for 8 Good Forecasting Method
3.9 Methods of Forecasting Demands

3.10 Errors in Demand Forecasting

3.11 Summary

3.12 Self-Augessment Exercises

3.13 Biblicgraphy & Further Readings

3.1 INTRODUCTION

Emerging competition in market place i propelling managements to hear the voice
of their customers. To survive in the market, management have to be forward-looking
and carry out market and demand analyses of products and develop strategic business
policies. However when it comes to working out methods and methodologies of
demand forecasting, it presents a strange dilemma. Demand Burke had gaid that,
"You can never plan the future by the past”, whereas Patrick Henry opines that, "T
know of no way of judging the future but by the past”.

As an essential part of project formulation and appraisal, market and demand analygig
is vital so that capacity and facility location can be planned and implemented in line
with the market requirements. A major error in demand forecast can throw
peaingstaking capita expenditure on plant capacity and other hardware facility totally
out of gear. Such decisions are not casily reversible. Metal Box of India, a premier
company in the field of metal, plastic and cardboard packaging became kick owing to
ill-timed divergification into mannfacture of bearings.

3.2 FORECAST VERSUS PREDICTION

Forecast is an estimate of future events and trends and is arrived at by systematically
combining past dats and projecting it forward in 8 predetermine & manner.

Prediction is an, estimate of fiture events and trends in a subjective manner without
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taking into account the past data. The subjective considerations may not emerge from
any predetermined analysis or approach.

3.3 TIME HORIZON OF DEMAND FORECASTING

Market and demand analysis of various types are undertaken to meet specific
requitemnents of planning and decision making. For example, shott-term decigions in
production planning, digtribution etc and selling individual products would require
ghort-term forecast, upio one year time horizon, which must he fairly accurate for
gpecific product items. For long-term planning, time horizon being four to five years,
information required from demand analyriz would be for broad product groupas for
facilitating choice of technology, machine tools and other hardwares and their
location, Various time horizons and corresponding information requirements are as
below:

S.No. Types of Decisions Time Horizon Types of Data/Info
i Short-term One Year Specific ftems and
planning decisions their demand
ii Medivm-term Twno to Three Year  Aggregate demand of
planning decisions technology and site selection
i Long-term Four to Five Year Broad data on echaology

and site seleciion

Longer-term forecasting is also undertaken to determine trends in technology
development so as to chooge the technology for backing up and funding its research
and development.

34 NEED FOR DEMAND FORECASTING

All buginess planning starts with forecasting Capital investment, like procurement of
raw materials end production planning, hag to relate to demand forecasting. High
volume high technology mass production systems have further high-lighted the
importance of accurate demand forecasts. Bven in a batch type production, any major
mismatch between forecast and manufacture will lead to higher capital tied up in
finished products which are slow in selling.

3.5 UNCERTAINTIES IN DEMAND FORECASTING

Demand forecasting iz the extimate of future demand. As the future is always
uncertain, forecasting canmot he completely fool proof and correct. However, the
very process of forecasting demand in future involves evaluating various forces and
factors which influence demand. This exercise is very rewarding in itself as it enables
the personnel to know about various market forces, currents, croas-currents and
under-currents relevant to the demand behavior,

3.6 LEVELS OF DEMAND FORECASTING

Demand forecasting can be at the level of a firm ot an industry or at the national ot
national or international level:

a5

Market and Demand
Anglysia
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a) Firm Level

If the exercise aims at forecasting demand of firms products locally at state,
region or national level, it is a micro-level of demand forecasting. Sometimes,
forecasts are required for companys products in specific industry or market
segment,

b} Industry Level
Such a demand forecasting exercise focuses on an industry as a whole for the

region and/or national level. These forecasts may be undertaken by a group of
companies or by industry/trade associations,

¢) National Level

Demand forecasts at national level include parameters like national income,
expenditure, index of industrial and/or agricultutal production etc. Estimating
aggregate demand of products at national level facilitates governmental decisions
for itnpotts, exports, pricing policy etc.

d) Intermatiomal Level

Companies operating in multinational markets would require similar forecasting
of demands for its products, trends in consumption etc at intetnhational level

Managerial Economistz play & leading role in masterminding thege forecasts at
firm, indusiry, national and international levels. Time horizon of these demand
forecagts usually varies from 1 to S years and in rare instances upto 10 vears.

3.7 DETERMINANTS OF DEMAND FOR CAPITAL
GOODS

Capital goods are man-made equipment for the production of goods and series.
Demand of consumer goods is autonomous and is forecast by direct measurements.
However, demand forecast for capital goods is indirect and derived. Their demand ig
dependent upon profitability of the industries using these equipment and the ratio for
production to instelled capacity (also called occupacity). For example, demand for
cement manufacturing machinery will depend not only on the profitability of cement
industry by also on the current surplus capacity in the industry. If surplus capacity iz
low or negligible, ong can expect major expansion of existing cement manyfacturing
units. Similarly; demand for commercial vehicles is dependent npon

o growth of Indian economy

« prowth pattern of different modes of transport-rail, river, air and sea
+ availability of bank finance for leaging ete

+ growth of replacement market of commercial vehicles

3.8 CRITERIA FOR A GOOD FORECASTING METHOD

A good forecasting method should have the following attributes:
a) Accuracy in forecast

Accuracy in forecast is measured in terms of past forecasts against current sales and
by the petcentage of deviation form actual demand. It is irmportant to not only check
the accuracy of past forecasts but also the validity of assumptions in practice.
Forecasts being future-oriented, cannot be always accurate although accuracy is the
most important criterion.
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b) Plausibility of forecasts Market and Demand

Forecasts of demand must be reagonable, congistent and plaugible. Assumptions Anghms
made should stand scrutiny and techniques adopted must be commensurate.

Explanatory note on these aspects must be available in the write-up on methods and

methodology employed in forecasting.

¢) Economy of forecasts

Forecasting exercise should not be expensive in terms of efforts and costs. Additional
costs of ways and means for improving the accuracy of forecasts should not exceed
the extra gain expected.

d) Quick Results

Method of forecasting chosen should be capable of yielding quick and useful results,
If method selected takes fat too long a time to yield accurate forecast, it may not be
conducive for taking quick and effective decisions. Always remember not to make
best enemy of “good'.

¢) Availability and Timeliness

Methodology of forecasting should be such that it can easily be updated when
changes nccur in the demand relationships.

f) Durability

Demand forecasts should not be changed frequently. Durability of forecast is subject
to the followings:

i) Simple and reasonable relationship between price and demand, advertisement
and sales, level of income and volume of sales ete

ii} Stahility of relationship between the above variables

g) Flexibility

Flexibility of forecast is an added advantage. It is destrable to be able to adjust “co-
efficient’ of variables from time to time to cope with the changing conditions.

3.9 METHODS OF FORECASTING- DEMAND

To facilitate proper and reliable appraissl of investment proposal, we require a
reasonably accurate forecast of demand. Starting with qualitative methods like survey
of collective opinions, buyers' intention, Delphi approach and itz variant, 2 number of
quantitative methods are used for compiling and computing demand forecasts a8
detailed below:

a) Collective Opinion Survey

Saley persorme] are clogest to the customets and have an intimate feel of the market,
Thus they are most suited to assess consumers reaction to company's products.
Herein each salesperson makes an estimate of the expected sales in their respective
area, territory, state and/or region, These estimates are collated, reviewed and revised
to take into account changes in derign/features of products, changes in gelling prices,
projected advertising and sales promotion campaigne and anticipated changes in
competitors :marketing policies covering product, people, price, promotion and place.
Opinions of all managers involved at various levels of sales organisation are also
included in the survey. Thus “collective opinion survey forms the basic of market
analygis and demand forecasting.

Although this method is simple, direct, first hand and most acceptable, it suffers from
following weaknegses:
i) Estimates are based n personal judgement which may not be free from bias

ii) Adding together demand estimates of individual salespersons to obtain total
demand of the country maybe risky as each person has knowledge about a small
portion of market only
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iii) Salesperson may not prepare the demand estimates with the requisite seriousness
and care

iv) Owing to limited experience, usually in their employment, salesperson may not
have the requisite knowledge and experience

This method may be useful for long-term forecasts, It is also used for new products

or new variants of existing products.

b) Survey of Customers Intention

Another method of demand forecasting is to carry out a survey of what consumers

prefer and intend to buy. If the product is sold to a few large industrial buyers, survey

would involve interviewing them. If it is a consumer durable product, a sample

survey is carried out for questioning a few representative congumers about what they

are planning or intending to buy. It is neither realistic nor desirable to query all

consumetrs either through direct contact or through printed questionnaire by mail

These surveys serve useful purpose in establishing relationships between:

¢ demand and price

¢ demand and income of consumers

e demand and expenditure on advertisement etc

This method is preferred when bulk of the sales is to institutions and industrial buyers

and only a few of them have to be contacted.

Disadvantages are that customers may not know total requirements; in some cases

they are not certain about quantity to be purchased. Besides during shortages there is

a tendency to inflate their requirements. Survey method is not useful for households -

interviewing them iz not only difficult out but also expensive. They are not able to

give precise idea about their intentions particularly when alternative products are

available in the market.

¢} Delphi Method of Demand Forecasting

Delphi method is a group process and aims at achieving a “consensus of the

members, Herein experts in the field of marketing research and demand forecasting

are engaged in

¢ analyzing economic conditions

+ carrying out sample surveys of market

¢ conducting opinion polls

Based on the above, demand forecast ig worked out in following steps:

i)y Co-ordinator sends out a set of questions in writing to all the experts co-opted on
the panel who are requested to write back a brief prediction,

ii) Written predictions of experts are collated, edited and summarized together by
the Co-ordinator.

iii) Based on the summary, Co-ordinator designs a new set of questions and gives
them to the same experts who answer back again in writing,

iv) Co-ordinator repeats the process of collating, editing and summarizing the
responses.

v} Steps 3 and 4 are repeated by the Co-ordinator to experts with diverse
backgrounds until consensus is reached.

If there is divergence of opinions and hence conclusions, Co-ordinator has to sort it

out through mtual discussions, Co-ordinator has to have the necessary experience

and background as he plays a key role in designing stuctured 'questionnaires and

synthesising the data.

Direct interaction among experts is avoided nor their identify is disclosed. Procedure

also avoids inter-personnel conflicts nor strong-willed experts ate able to dominate

the group. Thiz method is also used for technology forecasting.

d) Nominal Croup Technique

This is a further modification of Delphi method of forecasting. A panel of seven to
ten
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experts is formed and allowed to interact, discuss "and rank all the suggestions in
descending order as per the following procedure;

i) Experts sit around a table in full view of one another and are asked to speak to
cach other,

ii) Facilitator hands over copies of questionnaire needing a forecast and each expert
is expected to write down a list of ideas about the questions.

iii) After everyone has written down their ideas, Facilitator asks each expert to share
one idea out of own list with the group. The idea shared ig written on the “flip
chart' which everyone can see.

iv) Experts give ideas in rotation until all of them are written on the “flip chart’. No
discussgion takes place in thix phase and usnally 15 to 25 ideas emerge from this
format.

v) In the next phase, experts discuss ideas presented by them. Facilitator ensures
that all ideas have been adequately discussed. During discuasions gimilar ideas
are combined and paraphrased appropriately. This reduces the number of ideas.

vi) After completing group discussions, experts are asked to give in writing ranks to
ideas according to their perception of priority.

¢} Simple Average Method

Among the quantitative techniques for demand analysis, simple Average Method is

the first one that comes to one's mind. Herein, we take simple average of all past

periods - simple monthly average of all consumption figures collected every month
for the last twelve months or simple quarterly average of consumption figures
collected for several quarters in the immediate past. Thus,

Sum of Demands of all periods
Number of periods

f} Moving Average Methoed

Method of Simple Average iz faulted on account of the fact that a1l past periods are
given same importance whereas it is justifiable to accord higher importance to recent
past periods. Moving Average Method takeg & fixed number of periods and efter the
elapse of cach period, data for the oldest time period is discarded and the most recent
past period is included. Whatever the period selected, it must be kept constant - it
may be three, four or twenty periods by once it decided, we must continue with same
number of periods.

Simple Average :

Simple Average :

Sum of Demands of Chosen perieds
Number of chosen periods

g) Weighted Moving Average

In Moving Average Method, weighted given to the selected number of periods is
same, This has been refined to include the Weighted Moving Average which allows

varying weightages for demands in old periods. Depending upon the age of the
period, with-age can be varied:

Weighted Moving Average=W1xD]1 +W2D2 + ...........+T WnxDn

where W1, W2 .......Wn are the weightages for the different periodz in percentages
so that

LA B s C— ) . | o |

Thiz method has the advantage that it allows forecagter to compensate for soms
known trend in demand or scasonality of demand by carefully fitting appropriate co-
efficients of weighted to those periods. The weightages have to be decided by the
forecast analysts and this decigion is critical to the acouracy of demand forecast.

h) Exponential Smoothing Methods
With the advent of computers and availability of software packages, Exponential
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Project Formulation Smoothing Methods have become popular. Besides, they do not require much data

and Appraisal storage and computing. These methods are distinguished from the weighted average
method by the way it assigns weightages to each past period. Pattern of weightages
assigned is exponential in form viz,, demand for the most recent period and for gach
successive older periods, weightages decrease exponentially, The decrease in
weightages in non-linear. For example, a first erder smoothing is given by the

expression:
Forecast of nex( Actual Dem t'li:d_u-a Demand F* cast |
__ =W | of Most + {1l =% for Mast
f Period®s demand ' il Recent Period Recent Peirad
Fi =Wx (Dt=m 1)+ (1w (Fi— 1) .00, LD

Where 't is the ime period and value of ‘w’ varies between 0 10 1.
Continuing further. we have
Ft—I =wx(Di-2) + (1 —w) (Ft—-2) and
Fim2=wx (D=3 + {1 —w) (FL—3% and s¢ on
Substiniting these values of Ft= | into Equation (1) above
Fr =9 (DE—1) 4+ w{l —w) (DI—2) + w {l =w) (Ft=2}
This can be rewritten as
Ft = wW(lew) (Di=1) + w (l=w) (D1=2) & w(] —w) (D1—3
Successive weightages are w{(1-w), w{l-w)}, eic
For w = 0.3, these successive co-efficients will be 0.3, 0.21, 0.147 ete
‘When forecast have to be worked out successively for different periods, it is a simple

computation as below:

SI. No. Month Forecast Demand Weighted

1. January 200 300 w = 0.7

2. February 0.7-% 300 + 350 w =07
0.3 x 200 = 270

3. March 0.7 x 350 + 400 w = 0.7
0.3 % 270 = 326

4. April 0.7 x 400 + ?
0.3 x 326 = 378

Choice of co-efficient of smoothing is critical:

i) avalue of 0.7 to 0.9 may be more appropriate for new products or for itemns for
which demand is shifting significantly

ii) avalue of 0.1 to 0.3 denotes stable trend in demand and when demand is
somewhat unstable

iii) value of 0.4 to 0.6 may be used for obtaining more accurate forecasts.

These methods are simple and with the speed and accuracy of computers, are being

increasingly used for determining “quick and casy’ forecasts within reasonable

budgets.

) Adaptive Exponential Smoothing

If demand ig not stable or there is no known pattern of demand, Adaptive Exponential

smoothing may be more appropriate, In this method value of 'w' is not fixed. After

setting it initially, it is allowed to fluctuate over time in line with the changes in

demand pattern. Once again, decision of demand forecaster in assigning different

values to 'w' is critical.
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) Exponential Smoothing with trend and Seasonal Data

So far all the methods of forecasting have assumed the entire demand as a time
seties. In case there is a trend for a component of the demand, it can be forecast
exponentially, as a separate exercise. Similarly seasonal component can be forecast
geparately. Thereafter composite forecast can be obtained by synchronizing together
the constant component, trend and seasonal components,

If the constant component of demand is 800, it can be adjusted for the trend
component is 100, the forecast inclusive of trend component will be 900, Now let us
assume that the geasonal factor is 90%. The overall compogite forecast will be

0.9 x 900 =810
k) Double Exponential Smoothing

Sometimes there; iz too much 'noise' in a stable time series. In such cases, use of
Double BExponential Smoothing is suggested. It smooths the first order exponential
smoothing forecast as below:

First Order Double Exponential
Forecast of Exponential Smoothing Forecast
Next Period = w Smoothing  + (l-w) For Most Recent

Forecast for Period

Next Periad

Where ‘w" varies bctween 0 to 1.
Fdt = w FL + (1-w) Fdi-1

This method has been nsed extensively in forecasting demands of drugs in
pharmaceutical industry.
I} Projection by Curve Fitting

Every company compiles data over time for
different products, If it is arranged graphically as |

shown, we can establish 2’ demand pattern. A .f’fi
curve can be fitted to the past data — it may be a ¥ /fj !
linear or curve linear relationship. A mathematical 1 -,Trﬁfl | l I
cxpression can be evolved to denote the graphical T} ] |1 :' | 'l |
pattern — values of constants can he worked for T -

difTerent group of products and an appropriate
algebraic expressions cab be arrived at.

Cnee a curve is fitted, projecting demand forecast is rendered simple and
inexpensive. The bagic assumption is that past trend of change will continue in future
8lso. Whenever pattemn, formula breaks down. In such events, analysts have to
anticipate the “turning point' and lager forecasts accordingly.

Since curve fitting is obtained by the application of the principle of "Least Sum of
Square’, this model is also known by that name.

m) Regression Anslysis

Past data is used to establish a functional relationship between two variables. For
example, demand for consumer geods has a relationship with dispesable income of
individuals and family; demand for tractors iz linked to the agriculture income and
demand for cement, bricks ete is dependent upon value of construction contracts at
any time.

Forecasters collect data and build relationship through co-relation and regreggion
analysis of variabler.

n) Ecomomeiric Models

Econometric models are more complex and comprehensive as they interweave
different factors together simultaneously. For example, demand for passenger

traneport is not only dependent upon the population of the city, geographical area,
industrial units, their location ete.
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Project Formulation It is not easy to locate one single economic indicator for determining the demand

and Appraisal forecast of a product. Invariably, a multi-factor situation applies. Econometric
modlels, although complex, are being increasingly used for market analysis and
demand forecasts.

3.10 ERRORS IN DEMAND FORECASTING

There is a Chinese proverb which says, "To predict is hazardous, especially the
future™. Nevertheless, in industry, we cannot survive without predictions and
forecasts, without scenaring building and analogies. Owing to fierce competition
emerging in the market place, accuracy of forecasts is becoming a definite
competitive advantage as it improves planning and decision. Already it is hazardous
to take short term marketing decigions without undertaking opinion polls, forecasts of
customer preferences, trends ete.

Forecagting error may be defined as the numetic difference between forecasted
demand and actual demand. Any method of forecasting yielding larger errors is less
desirable. Following aspects are important in measuring the effectiveness of any
method of forecasting:

a) Mean Absolute Deviating

It is a measure of the forecast error without regard to the direction of the error,
negative or positive, It is given by the expression;

__ Sum of absolute values of forecast errors for all periods

Mean Absclute Deviation = -
Number of periods

Absohrte values of forecast errors mean values are taken withowt algebraic sings.
Mean Absohite Deviation (MAD) iz the average of the Absolute Values of Forecast
Errors. Forecast errors are, by themselves, normally distributed and there is a
relationship betwestn MAD & Standard Deviation. If the forecast is reasonably
accurate, forecasts errors will be quite smooth. The above measure is then referred to
as Smoothed Mean Absolute Devoting (SMAD). In such events,

Standard Devoting = 1.25 SMAD
b) Biss
Bias is a less commeoenly used measure of forecast ervors. It takes into account the
direction of errors and sum of ervors is the algebraic sum f deviating and is expressed
as;
o Agebraic sum of forecast errors of all periods

Number of periods

If forecasts are repeatedly overestimates, biag will have a positive value, Similarly, if
forecasts are consistently undercstimates, Bias will have a negative value

For a very accurate forecast, both MAD and bias will be zero. It is preferable to
chooge a method of forecasting wherein MAD can be centrolled and brought nearer
1o zero. Lowering MAD will reduce Bias also,

¢} Cosis of Forecast Exrrors

Important decigions - short-term, medium and long-term, are based on forecasts.
Large ertors of forecasts can lead to costly mistakes, particulaly, when used for
evaluating investment proposals which are long-term and nearly irreversible.

Bi

Errore may be either in direction or in magnitude. In some situations, errors in
direction can be critical while in other cases, error in magnitude may be more
damaging,

It is always difficult to complete the exact cost of forecast errors. It is advisable that
such estimating of cost be undertalken, however approximaite it may be.

Demand forecasts forming basis for production and inventory management can be
evaluated on the basis of their impact on the overall manufacturing costs, Tanks to



powerfill computing facilities available, we can work oui the entire simulating and Market and Demand
find out the posgible reduction in cost that we could achieve if we had more accurate ' Anglysis
demand forecast.

d) Costzs and Accoracy of Forecasts

It is perhaps eagy to visualize a relationghip

between percentage error of forecast and the

cogts involved in aelecting, adopting, operating &

maintaining that particular method of forecasting, VoA wi | )
If we use qualitative methods of forecasting, L e/

these would entail less effert and expense but L /, /
would also yield forecasts with higher percentage \ b
error. If we use time-series and other N \_// H i
mathematical techniques, costs would increase \ o
but it would also reduce the percentage or errors. N\ /

Simdlatly, using more sophisticated statistical

tools shall further improve the accuracy of

forecasts. Correspondingly, cost of operating and s
maintaining these forecasting techniques will
vary ar ghown in the graphologists would be low
when errors are low but coats would increase if
we have to bage our planning and decision

making on of accosts with larger margin of
CITOrS.

It is perhaps easy to visualize a relationship between percentage enror of forecast and
the costy involved in selecting, adopting, operating & maintaining that particular
method of forecasting. If we use qualitative methods of forecasting, these would
entail less effort and expense but would also yield forecasts with higher percentage
error. If we use time-series and other mathematicel techniques, costs would increase
but it would also reduce the percentage or errors. Similarly, using more sophisticated
statistical tools shall further improve the accuracy of forecasts, Correspondingly, cost
of operating and maintaining these forecasting techniques will vary as shown in the
graphologists would be low when errors are low but costs would increase if we have
to base our planning and decision maling on of accosts with larger margin of errors.

Optimal region, corresponding to minimum overall costs, would be somewhere in the
middle of the Total Cost Curve - usually nestling between gimple and sophisticated
statistical techniques which can be complied on a computer.

Activity 4

A Large number of companies in India became such during 1970s because of
investing heavily in projects and manufacturing products that had little market
demand. Think and draw up the possible causes of much failures.

3.11 SUMMARY

Economic and financial evaluation of an investment proposal must always-be used on
reasonably accurate market and demand analyzis for forecasting, Depending upon
demand pattern, length/time horizon of forecast, level of noise and degree of
accutacy requited, a suitable method of demand forecasting should be selected ag
cost of operating not-so-accurate forecast can be exorbitant.

Although forecasts are usually made with the help of statistical models, individuals
can use the past data intuitively and forecast firture events. The experience confirms
that with a host of factors impacting on demand pattern — noige level, complexity of
operation ete, subjective appreach decreases the level of accuracy,

Forecasting models are more reliable methods of ascertaining demand although a few
individuals can consistently forccast better than models,
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3.12 SELF-ASSESSMENT EXERCISES

1.

What are the different levees of forecasting and their respective role in decizion
meking?

‘What should be the decision criteria for selecting a suitable method for demand
forecasting?

*Collective opinion survey' method of demand forecasting has often resulted in
faulty forccasts, What are the pitfalls of thiz method?

Describe the least sum of square method of fitting a curve to a given data and
highlight its usefulness in computerised envirenments.

How can we optimise the conflicting factors of cost and accuracy of demand
forecasting?
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UNIT4 ECONOMIC AND FINANCIAL
ANALYSIS

Objectives

After studying this unit, you will have:

e  better understanding of the techniques of financial and economic evaluation of
projects

¢ relevant and comparative merits and demerits of the criteria used for financial
and economic analyses

s  better appreciation of critical resources for the success of proposed operations

e  better comprehension of the cost drivers and their values in the successful
completion of the project

s areaffitmation that the project fits into the framewotk of national priorities and
allocation of scarce resources to it is justifiable

« the confident that zocio-cultural benefits far exceed the costs to community, state
or the nation.

Structure

4.1 Introduction

4.2 Financial Analysig of Projects

4.3 Average Rate of Return or Return on Investment (ROI)
44 Pay Back Period (PB),

4.5 Discounted Cash Flow Techniques
4.6 Net Present Value (NPV)

4.7 Intemnal Rate of Retum (IRR)

4.8 Profitability Projections

4,9 Economic Analysis of Projects
4,10 Summary

4,11 Self-Assessment Exercises

4.12 RBibliography and Further Readings

41 INTRODUCTION

This unit dealg with gome techniques of financial and economic evaluation of project
and their comparison thereof, It explains the cost driven: and their values in
successiul completion of project. Social Cost Benefits for exceed. The cost to
commumity on state as a whole. The need of Social Cost Benefit Analysis (SCBA) is
discussed along with other factors relevant in the project.

4.2 FINANCIAL ANALYSIS

Implementing projects, involving large expenditure is a strategic decision - it is both
long term and not easily reversible. Wrong decision can land the company into major
problems. At the same, without taking up projects for expansion and upgradation,
companies canmot maintain and imptove their profitability. These projects involving
large capital cutlays have to be appraised from a “private’ or financial point of view -
this eveluation i8 from the view point of promoters who may be individuals,
corporate, commercial and development inatitutions, 'development corporations,
central or state governments or their agencies, This evalyation is required before
these are sanctioned for implementations, Method of evaluation may be the
traditional ones - unsophisticated like Average Rate of Return (or Retum on
Investment) and Playback Period or time-adjusted techniques like Net Present Value,
Internal Rate of Return etc.
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il e 4.3 AVERAGE RATE OF RETURN ON INVESTMENT
&nd Appreieal
(Ronuntmg definition and ber
is i ing method. There is no agreement on the on and a num
:?mmcthodx of calculating it are available. The most common ratio is:
Average Annual Profit after taxes < 100
Average Investment over the project life
erage i i = fits
s Av Annualeﬁtaﬁertuesnscalculatedhyaddmguptheaﬂ?rtaxpm
for each year of project life and dividing it by the no. of years of estimated useful
life (for annuities, after-tax profit iz equal to one year's profit).
Average Investment over the project file is oomputedby dmdmgtlm net
) investment by two (straight line depreciation is as-sumﬂd}_and a.ddmg the salva.ge
value that would be received at the end of the progecb_ed life (gmcc it remiing
invested throughout) and full amount of working capital required.
Example
Detetmine the ARR from the following data:

SI. No. Item Details Machine M Machine N
(Rs.) (Rs.)
1. Initial Purchase Price 60,000 60,000

2. Yearly Income after depreciation
& Income Tax

— First Year 4,000 12,000
— Second Year 5,000 9.000
— Third Year 7,000 7,000
— Fourth Year ' 9,000 5,000
— Fifth Year 12,000 4,000
37,000 37,000
3. Estimared Life (vears) 5 5
4. Estimated Salvage Value 3,000 3,000

3. Work Capital required — ==

ARR can be worked out as below:
(straight line depreciation is assumed)

Average Income after taxes/year 37,000 37,000
3 5
i.e. 7400 7400
Average Investment over the project Life = !/, (initial cost — Salvage Value)

+ Salvage Value + Working Capital
= '/, {60,000 — 3,000) + 3000 + 0
= 28.500 + 3,000
= 31,500 -
ARR 7,400(A)
= —— % 100
31,500 (B)

= 23.5%

(B)
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Alternative Computation of ARR Economic and Financial Analysis

Some analysis use the Initial Cost instead of the Average investment over the project

life, in which case,
ARR 7,400 x100
60,000
=12.3%

Companies gelect projects where ARR exceeds a *predetermined value' or they rank
the alternative proposals in the descending order of magnitude of ARR for selecting
the most attractive one.

44 PAY BACK PERIOD (FB)

Pay Back Period (PB) is a traditional method which is simple and most widely used
for project evaluation. It is a measure, in terms of time, it will take to recover from
proposged operations, the initial cash investment, which normally disregards the
salvage value of the equipment at the end of itz useful life.

Pay Back Period (PB) = Initial Frvestment
Constant Annual Cash Flow (CFAT)
Usually, the cash flows every year are not equal as they vary from year to year, in
which case, the calculations are:
Pay Back Period (PB) = Original Cost of Acquisition
Cash Flow after Tax (CFAT)
Example
For the game example of Machine M and N, Pay Back Period can be calculated as
below:
Machine N Machine N
{ C CFAT Annual CFAT Cum CFAT
Ann?fils.;:p - “mms ) (Rs.) (Rs.)
Year
1 16,000 16,000 24,000 24,000
% 17,000 33,000 21.000 45,000
3. 19,000 52,000 19,000 64,000
4, 21,000 73,000 17,000 81,000
5 24,000 97,000 16,000 97.000

Annual CFAT for first year 4,000 + 60,000

for Machine M = 16,000 ete.

5

From a quick glance, one can estimate that Pay Back Period for Machine M is more
than three years and for Machine N, it ig less than three years -this can be verified

For Machine M, Pay Back Period 60,000 — 52,000
; = +
(no. of years) 21000
8,000 — 45,000
= 3 -+
21,000

=13 +038 =338
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thmmulm:m
:‘g For Machine N, Pay Back Period 60,000 — 45,000

(no. of years) =7

19,000

15,000
=2
19.000

=24+079
=2.79

Similar o ARR (ROI), PB can glso he used as a criteria for selection of projects if it

exceeds 8 predetermined value or it can be used for ranking the proposals in the
ascending order of magnitude in number of years, the one with the lowest PB being

the most attractive.

4.5 DISCOUNTED CASH FLOW TECHNIQUES

Traditional methods of project evaluation do not take into account the total benefits
from the entire life cycle of a project not they consider the time value of money. The
techniques described below, discount the cash flows by the cost of capital - a

discounting factor for adjusting time value of money:-

4.6 NET PRESENT VALUE (NPV)

Net Present Value (NPV) computes the net present value of the cash inflows (CFAT)
in each of the future year by discounting them suitably and then subtracting the cash
outflow in each year, which in our example is Rs. 60,0000/~ for each of the two
machines M and N.

A. Present Value of Cash Inflows, year after year

Year Machine M y Machine N
Annual CFAT Present Value Present Ann CFAT Present Present
{Rs.) factor value (Rs.) factor value
1. 16,000 0.909 14,544 24,000 0.909 21816
2. 17,000 0R.26 14042 21,000 0.826 17.346
3 19,000 (751 14,269 19,000 0.751 14,269
4, 21,000 (.683 14,343 17,000 0.683 [1.611
5. 24,000 0.621 14.904 16,000 0.621 ©.934
Total 72,102 74,978
B. Present Value of Cash outflow 60.000 60,000
Net Present Value (A — B) 12,102 14978

Capital Expenditure proposal with a pogitive NPV or which exceeds a predetermined
NPV, can be selected for implementation. Alternatively, the proposals can be ranked
in the descending order of the NPV,

48



4.7 INTERNAL RATE OF RETURN (IRR) Economic and Financial Analysis

IRR method ig know by many names - yield on investment method, marginal
efficiency of capital method, marginal productivity of capital method, rate of return
method, time adjusted rate of retumn method ete, It also takes into account time value
of money by discounting cash Inflows and Cagh Outflows. This method is best
described as the rate of return the project cams fro itzelf becanse, it is that
discounting factor (R) which equals the present value of the cash flow (CFAT) with
the aggregate present value of the net cash outflows of the project i.c. this rate of

discounting which gives zero NPYV.

Projects one selected if the TRR ig higher than the rate of return predetermined by the
company. The same procedure ig followed with the annuitics also.

Example
Let us taken the same example:
Machine M Machine N
(Rs.) (Rs.)
{1} Purchase Price . 60,000 60,000
(cash out flow)
(ii) Cash Inflows
First year 16,000 24,000
Second year 17,000 21,000
Third year 19,000 19,000
Fourth year 21,000 17,000
Fifth year 24,000 16,000
97,000 97,000

What is the [RR.?
Solution
‘We undertake a fellow fake caleulation to seck a guideline for starting discounting at
a rate nearer to the target.

Machine M Machine N
(a) Fake annuity 97,000 97,000

= 19,400 — = 19,400
5 5
(h) Fake Pay Back Period 60,000
= 3.092
19,400

Consulting the table A - 4 for Pregent Value Interest Factor for an annuity (FVIFA),
we find that for n = 5 years, the value nearest to 3.092 is 3.056 which comresponds to

a discounting factor of 19%.
For Machine M, since Cash Inflowr of initial years is lower than 19,4Q0, we can

reduce the dircounting factor subjectively by 1% & for Machine N, cash Inflow of
initial years ig higher than 19,400, we can increase the discounting factor by 1%.
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Project Formulation Present value of two investment proposals can be worked out as below:

and Appraisal

Year Machine M Machine N
PV Factor CFAT PV Factor PV (Rs.)
CFAT @18% PY (REs.) (Rs.) @20%
(Rs.)
1. 16,000 0.847 13,552 24,000 0.833 19,992
2. 17,000 0.718 12,206 21,000 0.694 14,574
3. 19,000 0.609 11,571 19,000 0.578 10,982
4 21,000 0.516 10,836 17,000 0.481 8,117
5 24,000 0.437 10,488 16,000 0.401 6,416
Total Cash Inflow 58,653 60,141
Cash Inflow 60,000 60,000
+ 1,347 — 141

We can work out the present Value of two investment proposals by discounting
Machine M @ 17% and Machine N @ 21% as below:

Year Machine M Machine N
CFAT PV Factor PV CFAT PV Factor PV
(Rs.) @17% (Rs.) (Rs.) @20% (Rs.)
1. 16,000 0.855 13,680 24,000 0.526 19,824
2 17,000 0.731 13,427 21,000 0.682 14,322
3 19,000 0.625 11,875 19,000 0.563 10,697
4. 21,000 0.534 11,214 17,000 0.465 7,905
ol 24,000 0.457 10,968 16,000 0.384 6,144
Total Cash Inflow 60,164 58,892
Cash Out Flow 60,000 60,000
— 164 + 1,108
60,164 - 60,000 60,141 - 60,000
IRR "y ) 20+
(%) 60,164 — 58,603 60,141 — 58, 892
164 141
17 + — 20 + ——
1511 1249
17+0.11 20+ 0.11
17.11 - 20.11

IRR can be, thus, atrived at by worldng out the computations as outlined above. In
real life, this is much simpler as computer softwares are available for working out the
IRR.



48 PROFITABILITY PROJECTIONS

The traditional and sophisticated discounting methods of project evaluation have
been falted because the financial analyris looks at the capital expenditure proposal in
isolation and works out the ROT, PB, NPV or IRR whereas it is more appropriate to
work out the impact of expansion proposal on the working results of the company,
This would highlight the working results - profit/loss statement without and with the

new project.
This ia computed as below:
1. Cost of production

@ & B R A

9.

10.
11.
12
13.
14,
15.

Total administrative expenses

s Administrative Expenses

¢ Administrative salaries

= Remuneration etc. to directors

s Profeszional and consultants fees

s Light, postage, Telegrams, Telephones, office stationery etc.
Insurance Taxeg etc. On office property

Miscellaneous expenses

Total sales expenses

Royalty, know-how payable

Total cost of production (1 +2+3+3 +4)

Expected sales

Gross profit before interest and financial expenses (6 - 5)
Total financial expenses

s [Interest on term loans (long-term)

+ Interest on borrowings for working capital (gshort term)
¢ (Guarantee commissions ete.

Depreciation charges

Operating profits (7 - 8 - 9)

Other incomea

Profit before Taxation {10 + 1 - 12)

Provision for Taxation

Profit after Tax (14 - 13)

Less Dividend on preference Capital @
Less Dividend on Equity Capital @

16.

Retained profits

Add Depreciation charges
Preliminary Expends written off

17.
These calculations are dene for several years to cover 3 - 5 years of operations after

Net Cash Accruals (16 + 9+ 12)

commencement of commercial production.

Economic and Financial Analysis
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Actlvity 5

‘Why is financial analysis described as ‘private’ analyzis? When it is used both by the
promoters & financial for sanctioning funds for the projects?

49 ECONOMIC ANALYSIS OF PROJECTS

Economic analysis is done from the viewpoint of society or economy as 8 whole. The
evaluation is done from a wider angle not merely in financial terms, Economic
analysis of projects should cover whether.

s [t fits into national prioritics
e it contributes to the development of that sector of economy

# benefits justify the consumption of scare rescurces of the nation

This technique is now known as Social Cost Benefit Analysis (SCBA) - this concept
has evolved over years since 1844 when Jules Dupuit, A French engineer, referred to
it in his paper on the measurement of "Utilities of Public Works'. In 1936, Flood
Control Act of 1936 of USA provided that a project should be deemed feasible only
if sum-total of benefits to whom-so-ever they may accrue exceed the estimated
costy, highlighting the social nature of investment decision, In UK, thig was applied
first time in 1917 for evaluating MI Motorway project, and nationalized industrics
were directed to use SCBA. India is a pioneer in the third world countries and has
applied SCBA in appraiging projects especially in the public sector.

a} Need for SCBA

SCBA differs from monetary cost and benefits analysis (financial analysis) of the
project because of the followings:

i} Imperfect competition in market

Financial analysiz uges social only under conditions of perfect competition,
which is rare in developing countries because of many restrictive legislation's viz,
rationing, minimum wageg act, forcign exchange regulation act ete.

ii} Extermal Aspects of project

Invariably new projects regult in additional road or rail network which may
benefit the neighboring areas. Similatly, project may have adverse effect on the
ecology and environments. External factors are rather important for SCBA.

iii) Taxzes and subsidies

In financial analysis, taxes are treated as monetary costs and subsidies are
eonsidersd as monetary gains. In SCBA, there are conceived as transfer
payments and not considered at all.

iv) Comsumption and saviogs
A private firm will not give differential value to consumption and savings in the
financial analtysis whereas in SCBA, mongy consumed because of the concem for

the society - savings alone lead to investments for future and finther
development.

¥} Retribution of benefits

In SCBA, monitory to poor is congidered more valuable than an equivalent
monetary gains to the rich and affluent but in financial analysis, entreprensurs
and promoters are not concerned about it.
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vl) Consideration for merit or demerit wants of soclety Economic and Financial Analysis
Government may be interested in spreading literacy or family planning which
may not be sought by consumers in the market place. These aspects may be of no
concem to individual private firm; these are important from society’s point view.

b) UNIDO Method

UNIDO has spearheaded SCBA for projects in developing countries in 1960s &

followed it by a detriled guideline in 1978, which suggests five stages as below:

¢ Calculation of financial profitability of the project measured as market prices

+ Calculations of net benefits of projects in terms of economic prices

& Adjusting for impact of savings and consumptions's

&  Adjusting for impact of income retribution

¢  Adjusting for merit goods and demerit goods for which gocial values differ from
monetary values.

Calculation of financial profitability at market prices being identical to the evaluation
methods discussed in foregoing sections, we briefly discuss the other four aspects:
i} Net benefits of projects in term of economic prices
Economic or efficiency rises are also called shadow prices. Market prices are
identical to shadow prices under conditions of perfect competition which is rarely
obtained in developing countries like India,
1) Choice of unit of currency
In what unit of currency, foreign or domestic, we should measure the costs and
benefits? Should we measure the income in terms of consumption or investment'?
UNIDO specified that it should be measured in terms of net present consumption

in the hands of people at the base level of consumption in the private sector in
terms of congtant price in domestic acecounting rupees”.
2) Concept of tradability
International price or border price of any item is a measure of its tradability
because only then it can be substituted by impotts or it can be exported.
3} Sources of shadow prices
UNIDO suggests that projects
- increase or decrease the total consumption in the economy
- decrease or increase production in the economy
- decrease or increage imports
If impact of project is on the consumption, shadow pricing is based on
consumers’ willingness to pay, if impact ig on preduction, shadow pricing is based on
cost of production and if the impact is on international trade, the basis of shadow
pricing is the foreign exchange value.
4} Taxes

UNIDO suggests that if project leads to diversion of non-traded inputs which are
in fixed supply from preducers or additions to non-trade consumer goods, taxes
ghould be included and if project increase domestic production of other
producers, taxes should be excluded and if goods are fully traded, taxes ghould be
ignored.

5) Consumers’ willingness to pay

Let us look at the Demand and Supply
curves in relation to quantities. At the
point of equilibrium, OQ is the quantily
hought and OF is the price per unit,
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However, for the first produet, consumer was willing to pay OD and the
consumer who buys last unit, is willing to pay OP for that unit- consumers;
willingness to pay for different units is represented by DE. Total willingness is
measured by area ODEQ whereas the price is OPEQ - the difference DEP is
called the consumer surplus.

Based on the above, the shadow prices of specific resources can he worked out,

i} Adjusting for impact of savings and consumption's
Most of the developing countriea face problems on investible funds and are,
therefore, anxious to know the impact of project on savingg or consumptions and
the social value of these savings or investments,

i) Adjusting for impact of Income retribution

In most developing economics, there is a ynanimity that income retribution
ghould favour economically weaker gections of society. The role of taxes,
subsidies efc. in rather limited in terns of income retribution. As a consequence,
project investments are good opportunities for retribution of income.

iif) Adjusting for merit poods and demerit goods

Thete is a difference between economic value and social value of resources fore
both merit and demerit goods.
Social value for & merit good is more than its economic value e.g. In India, we may
place a high or value on produce of petroleum crude oil because it reduced our
dependence upon imports. Similarly, social value of & demerit good is less than its
economic valuie ¢.(. we may accord a lower gocial value to a alcoholic drinks than its
economic value.

There is a risk abuse of social values because politically desirable projects may be
pushed under the grab of socially desirable ones. A number of such expedient
decisions are available in India where politically expedient projects have been pushed
at the cost - of sound economically viable ones.

b) Liitle - Mirrless method (L-M Method)

This method was developed by LMLD. Little and I A Mirrless. The approach has
the following similaritics and dissimilarities:

Similarities

o Calculations of shadow prices for forgign exchange savings and unskilled labour
¢ Considerations for equity

« Discounting method

Dissimilarities

¢ LM method measures costs and benefits in international {or border) pries
wheteag UNIDO suggests measuring costs and benefits in domestic currency.

* LM method measures cozts and benefitz in terms of uncommitted social income
and UNIDO method measures them in terms of consumption.

s UNIDO suggests stage by stage analysiz of efficiency prices, savings and
retribution. However, L-M method reviews these together simultaneously.

¢} SCBA in India

India has been one of the pioneers in the use of SCBA for public sector projectz
which were. at one time, at the commanding heights of the economy. ICICI was
perhaps the first financisl institution to introduce economic appraisal of projects.
IFCI and IDBI followed with similar approach. The method followed by them, is a
simplified version of L-M method. Project Appraisal Division (PAD) of Planning
Commission, Government of India, also follows economic analysis, they call it social
profitability anatysls, of all industrial projects. They also follow a simplified version
of L-M method. The key elements of analysis are:
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¢ Tradable inputs are valued at international prices Economic and Financial Analysis
a« Taxes, dutics etc, transfer costs, are ignored

+ Non-tradable items like power & equipment are valued on marginal cost

+ Foreign exchange for inputs and outputs is valued at a specified premium

s Social wage rates are applied to unskilled an semi-gkilled labour,

s  Unit of cutrency i savings in rupees tather than foreign exchange.

Unfortunately, inspite of pioneering work done in India, there have been serious gaps

in arriving &t investment decigions which are financially and economically sound

owing to political expediencies.

Actlvity 6

With the deregulation of economic and financial sectors of economy, what, in your
opinion, will be the fate of Economic Bvaluation & Social Cost Benefit Analysis.

The evaluation of project is mandatory before these are sanctioned for
implementation. Average Rate of Return (ARR) ot ROI, payback period on time
adjusted techniques like Net Present Value (NFV), Internal Rate of Return(IRR) are
few techniques very important for financial evaluation of project. Social Cost
Benefits for exceeds the cost to comnwmity, State on the nation as a whole.

4.11 SELF-ASSESSMENT EXERCISES

1. 'What are the traditional methods of financial evaluation of the projects’? Why are
they considered deficient?

2. What is Internal Rate of Return? Describe the method by giving details of a
problem you are familiar with.

3. Projections of profit & loss account of the company inclusive of the impact of
new capital investment is considered as the most sccurate method of evaluating

the new project; why?

4, Economic analygis iz done from societal point of view in contrast to financial
analysis which is a private appraisal from the viewpeint of a producer. How does
it bring about a change in the methods of evaluation? Deseribe with examples,
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UNITS FORMULATION OF DETAILED
PROJECT REPORTS

Objectives

After going through this 1mit, you would understand:

o the gignificance of degign phase in project life cyele
¢ DPR and its importance in a Project

s  major contents of DPR

» the broad sequences to DPR formmlation

» the capabilities required to prepare a DPR

s how to evaluate a DPR.

Structure

5.1 Introduction

5.2 Planning as an Essence of Design Phase
5.3 Matket Planning

5.4 Equipment and Process Technology
5.5 Location of the Project

5.6 Layout of the Project

5.7 Material Balance of the Project

5.8  Specification of Main Plant and Equipment
5.9 Environment Impact Assessment

5.10 Operations

5.11 Commercial Aspects

3.12 Financial Aspects

5.13 Socioecconomic Aspects

5.14 Who Prepares as DPR?

5.15 Evalvuation of DPR

5.16 Summary

5.17 Self-Assessment Exercizes

5.18 Bibliography and Further Readingy

5.1 INTRODUCTION

You have seen in the overview section that the second phase of. the life cycle of a
project is the Design phase. This follows feasibility and is subject to an affirmative
investment decision: Thiz must give you a clue as to the impertance of thiz phase. It
it a costly and time consuming process, and therefore, it is taken up only after the
feagibility stage leads to an investment decision. Typically about 10% of the total
cost of & project is zpent on its design, Hence it is important that Feasibility studies
and Appraigals are adequately done and the decision to go ahead with the projectis a
well thought out corporate decision,

In this chapter, you would leamn in some more details about the design phase of a
project, the output of this phase being the detailed Project Repott (DPR)

5.2 PLANNING AS THE ESSENCE OF DESIGN PHASE

If you look at this phase in another way, it can also be called a planning phase and the
DPR iz nothing but a very detailed and elaborate plan for a project, indicating the
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overall programme, different roles and respongibilities, and activities and resources Formulation of Detailed
required. By now, through your experience and studies of Management, you are well Project Reports
acquainted with the important role that planning plays in any successful managerial

endeavours, In fact, it is the- key to the success in any human endeavour, Therefore,

vou would appreciate that the suecess of a project depends largely on the quality of

thiz planning exercize; the quality of the design itgelf. The success of a Project may

be meagured on the basiz of a few critical parameters:

- Whether the project was completed on time

- Whether the actual cost of the project was within reasonable limitg of ¢scalation
over the original estimates

= Whether, after completion of the project, the facilities are able to generate the
expected quantity and quality of the products and/or services at profitable costs
- Whether the project's gestation period is within the planned duration

You must be careful to note that a good design is a necessary condition for the
success of a Project, but it is not a sufficient condition. The plan must be truthfully
executed.

However, unless the design the comprehensive enough, the execution, howsoever
accurate and true to plan, cannot lead to the success of a project.

The design provides a blue print for the construction of sll facilities required in a
project. It states on .paper at great length and detail, what must be done to convert the
corporate investment decision of a feasible project idea, into the reality of a
successful, healthy profit making enterprise. It chould adequately reflect top level
policy guidelines” on all aspects that hag long term impact during the entire life of the
project. It takes a retook at the appraisal, particularly the financial viability, in much
greater details, It also provides the basis for all specificdtions, contract drawings,
detailed technical design and bidding. It touches ot all aspects of a project, e.g.
Marketing, Technology, Finance, Project execution and operations. It indicates the
nature of risks ivolved in the project, both during and after the project phase, with
certain built in measures to counter the major risks, This plan becomes the reference
point for all future monitoring and evaluation activities.
A DPR ig a final, detailed, appraisal report on the project, and a blue print for its
execution and eventual operation. It provides details of the basic programme the
roles and responsibilities, all the activities to be carried out and the resources
required and poggible rigks with recommended measutres to counter them.

The following paragraphs would give you an idea about all aspects of a DPR. It is
written with a manufactured product in mind. This would provide a most general
coverage, although there may be other projects like housing, transport, hotels etc.,
mainly in the servicer sectors. Bach project would have its specificity which cannot
be foreseen and detfailed out in a chapter on DPR, not ig it intended. We shall,
therefore, attempt to provide a general coverage, which would cover most but not all
aspects of a specific project. It might alse contain some clements, that may not be

present in one specific project.

5.3 MARKET PLANNING

The starting point of any project is a felt need which is awaiting satisfaction. It may
be the need for more power, housing, conrumer goods, transportation and
communication services or any thing else. The first step in the design of a project,
therefore, is to cstablish and understand the nature of the need. We shall call this
exercise, Demand forecasting, The other market related aspect concerns those other
organizations who may also he in the sams game of providing goods/ services
fulfilling the same needs. In the part and more 5o in the present liberalized economic
condition, competition is the name of the game. The DPR must, therefore, lay down
plans for effectively securing a desired share of the market and maintain/enhance it.
We shall call this exercize the Marketing Strategy.

The Marketing Planning section of 8 DPR must cover Demand forecasts for the
goods/services and a8 Marketing Strategy for ensuring a planned market share.
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a) Demand Forecasting

This is probably the most crucial and at the same time most difficylt task in the
formulation of a DPR. It is crucial, because the complete design of the project, its
capacity, investment required and financial viability is directly related to this projection..
If it is over estimated, the project would be burdened with excess capacity, low capacity
utilization and eventual loss to the enterprige. On the other hand, if it is under estimated,
the project may find itself unable to meet the demand, inviting more competitors to enter
the fray and mining on the opportunities derived from larger volumes of sales. It is
difficult because one is trying to look into a fairly long future somewhere between 7 to
14 years. This includes about 5 - 10 years of the project life, over which the financial
vigibility is normally examined, and about 1 1/2 to 4 years of the project phase itself,
including part of the Design phase and the whole of the Execution and Termination
phases. Even for products with a life cycle of juat 5 yeara, the forecasting period would
be about 7 years, This is the main reason why, Demand forecasting for a project is
gignificantly different from the routine annual, half yearly, quarterly and monthly
demand forecasts camried out by all medium and large operating enterprises. This is not
all. Once the extent of total demand hag been judged, it would be necessary to analyse
the nature of the competition the project might face, and the share of the market it may
reasonably hope to corner for itself. The market share considerations get further
complicated by the likelihood of new competitors entering the market for some or
gubstitute products.

In view of these complexities, demand forecasting for a project relies heavily on two
basic approaches and finally arrives at certain projections basest on the mamiage of these
two distinct approaches. These approaches are Econometric Methods and Comparative
b}  Economic Methods

These methods rely heavily on past consumption data and tries to relate past demand
with certain macro economic/demographic indicators. The choice of such indicators or
variables depends largely on the judgement of the analyst. The objective is to establish
goms functional relationship between demand (Y) ag a dependent variable and the
chosen independent variables. Once such a mathematical relationship has been
established, the analyst uses time series data on these macro economic/demographic
indicators, to predict their values in future. These values are then invested into the
fimctional relationship to forecast demand.

c) Comparative Prediction

This method tries to predict new applications and new markets for an existing products.
Such methods are particularly suitable for developing netions. A number of applications
and uses may bhe prevalent in more developed couniries, which may not be found in a
developing nation. The reasons may be import restrictions, low_ level of supplies, high
cost ete, Consider the case of stainless steel. A nmumber of indugtrial, domestic and
architectural applications of stainless steel is commeoen in developed countries. Consider
the example the equipment for dairy industry. As the availability of the right type of
stainless steel increases, entrepreneurs may get motivated to set up dairy equipment
within the country. Thiz may open up nee avetues for generating demands that did not
exist earlier. Similarly better availability has encourage gas stove manufacturers to
gwitch over from castings and mild steel shuts to stainless steel, owing to its superior
qualities.

Yet another econometric method relies on estimation of disposable income and its
relationship to the consumption of a product. For example, consumption of non eszential
iterns like soft drinks. Thiz har a close relationship with dispossble income. Affluent
gections of any society would consume more soft drinks, as they have enough disposable
income left over, after fulfilling the basic needs of food, clothing, health, education,
transpott ete. For such products, a good prediction of the income trends of different
categories of households would serve as a reliable. medium for demand forecasting.

Comparative predicting, attempts to examine each area of possible applications and tries
to predict the level of consumption in each sector. Consider the case of pas stoves. It has
a close relationship with the number of new LPG connections that are planned. The
Ministry of Petroleum draws up plans for new LPG connections. The share of stainless
steel stoves out of total stoves can be obtained from the major stove manufacturers, This
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ghould enable a fairly accurate estimated or the demand of stainleas steel sheets for Formulation of Detailed
this application, Following similar approaches, it is possible to find out an array of Project Reports

new applications and project demand in each area. The sum total of such new

applications give another input for demand forecasting.

Yet another approach to locate and predict new sources of demand concetns a search
for possible new markets for an existing product. In a country like India, where mote
than 70% of the population still lives in villaes, rural demand and rural markets have
often been targeted ag potential new markets for go called utbanised products. Two
wheelers that are designed to withstand rough driving conditions are a case in point.
The growth in agricultural production and income generated from agriculture can
serve as a good indicator of demand of products without any past record of
consumption in these markets.

Similarly, rural electrification programmes open up possibilitier of consumption of a
most of electrical items like bulbs, fans, appliances, motors and pumps ete, New rural
markets for such products could be estimated from the rural electrification targets in
different states couples with estimates of rural household incomes.

d) The Nature of Product/Service

It is very clear fiom the above discussions that the forecasting method adopted must
be suited to the patticular type of product/setvice being considered. The game
approach cannot produce reliable forecasts for items as different as stainless steel and
goft drinks. It is, therefore, customary to group items into different homogeneous
categories, so that similar forecasting methodologies may be adopted within one
given category. An indicative list of such categories is given below:

Categories of Products/Services

Category Examples
Basic materials/services Cement, Steel, Power
Capital Goods Construction Equipment
Consumer :Durables White goods, automobiles, furnitures
Industrial Consumables Welding rods, muts and bolts, POI items,
Consumer Goods Food & beverages, textiles and garments,

education.

¢) Sccondary Data Sources

You must be wondering at the wide variety of data that is required for Demand
forecasting and, their source. Government departments constitute the most important
source of data. The National sample survey, Censug, Plan documents and Central
Statistical Organisation publications provide important data sources. The Nationsl
Informatics Centre (NIC) i8 carrying out pioneering work in making & most of
information being made available on its communication network - NICNET. For
example, they have undertaken a project to link all district headquarters so that its
central data bank can be assessed from every district in India. A recent example is the
1991 census data, which has a wealth of infermation on Indian population, education,
income levels, professions and so on. One can access all these information from any
district NIC centre's computer, provided it has been connected with the NICNET.

Some private organizations have help the need for specialized information and have
gtarted cataloging and publishing economic intelligences information. The Centre for
Monitoring Indian Economy (CMIE) is one such establishment which regulardy
publishes economic information. Many good libraries now subscribe to CMIE
publications and can be used.

The economic press alse constitute a good source of secondary data. Every god
economic news papers/magazine establisher itk own Research Burean. In addition,
they invite and receive well researched articles by different professionals in
academics and industry. Many libraries provide a press clippings service, enabling
one to tap the information appearing in the economic media.
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A number of agsociation of indusiries regularly collect information that is useful for
their members, Market share information can usually be obtained from such
asgociations.

) Primary Dais

These may arise a sitwation where all available secondary (published) data may not
be sufficient for the forecasting exercise. In such situations, it be become necessary to
collect data from direct observations, interviews, mail questionnaires etc. Thisisa
gpecialized task, which forms part of Market Regearch, Thete -are specialized Market
Research Bureans, who undertake market research projects on behalf of clients, on
payment of certain fiees. A god bureau can be entrusted to carry out a reliable market
research exercise, and this may form a good input for demand forecasting.

g) Entimation of Market Share

Demand forecasting methodology, dercribed above, leads to an estimation of the total
demand for the product/service under consideration, However, it is not mfficient to
estimate the total demand above. It is necessary to identify the present and future
suppliers and their owiput capacities, 80 as to be able to estimate a likely share of the
overall market, that the project under consideration might capture.

Information shout existing suppliers (producers and importers) are relatively sasy to
obtain. The more difficult part may be the information regarding additional supply
gources in future. This would include expansion of capacity by present suppliers,
entry of new suppliers and additional imports. In the days of regulations and

licensing, licenses is net served as a good indicator of prospective, suppliers.
However, with most the industries have been de-licensed, one has to rely more on the
economic media which publishes future plans of medium and large corporations.
International market trends and custom tariffe and exchange rates can serve aa good
indicators for predicting imports. In any cage, an organized effort must be made to
estimate the total supplies, so as to be able to judge a market share for the project,
when it goes on stream,

While carrying out this exercise of demand forecasting, it is very important to keep
tract of substitute products/setvices. The impact on the demand for a product by
substitutes have been thoroughly studied by sconomists. However, in case of demand
forecasting for a project, it is necesgary to consider the substitutes, their demand and
supply situation over the forecasting period and consider their impact on the demand
under consideration.

If the end of thiz analysis, it should be possible to have a fair estimate of the market
share for the project under considerstion.

h) Marketing Strategy

In the previous section, you have seen how a project authority can get a target fior
achieving a particular share of the estimated total demand for the product/services
under consideration. In this gection, you would learn the basic planning and analysis
necessary to chalk out are action plan, so that the targeted market share is actually
achieved. But befors we go into these details, a few lines in consideration of the
relevance and importance of this exercise and its inclusion in the DPR may be
necessary.

You might wonder ag to what marketing strategy can realistically be chalked out at
such an early stage, where the DPR itself i not ready. It is true that nothing much can
be done at the DPR formulation stage. However, most Project Management
authorities find themselves caught in a tine trap, once they concentrate on the myriad
of activities concerning, technology, finance, construction, commercial negotiations
etc. Their entire attention gets focused on DPR finalization and project execution.
Marketing ig often forgotten in the hectic atmosphere, so common in medium and
large projects. Everyone tries to meet deliveries and schedules, and one fing day, the
trial runs begin, goon to be followed by commissioning. It is already too late for a
beginning on Marketing the product/service. The project may be suceessful, so far as
fulfilment of time and cost schedules are concertied, but these may not be any takers
for the output. Such a beginning can bring disaster to an otherwise healthy
organization. Therefore, the market must be prepared in advance, so that it is ready to
receive and but the producta/services offered by the newly commissioned project.
Thuz marketing efforts, particularly those connected with advertising and
distribution, must be initiasted during the project execution stage itself.
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Ag we have graid at the beginning, a DPR i& a blue print for action. Therefore, the DPR Formulation of Detailed
must also contain a section only the Marketing Strategy, touching on all aspects of the Project Reports
marketing function that needs to be carried out during the project execution phase ag
well as the operational phase, This should cover the overall approach, a discussion on
strategic alternatives and possible choice, a marketing organization, and a schedule for
various marketing activities.

) The Product-market Posture

Ag you might be aware, from your studies of Marketing Management, no market, is
homogeneous entity. Fach market can and ghould be divided into a8 many regments as
necessary 80 that each segment is distinet in itg specific requirements, from others,
while at the same time displaying requirements, from others, while at the same time
displaying uniformity within, Such segmentation may be based on location or habitat of
the customers like Rural, Urban and Metropolitan; or on the basis of the income level
like middle class, upper middle class, upper class, or on the basig of their cccupation/
profession like students, housewives professional managers, academician ete.

The ¢stimated total market (demand) for the product/service must now be divided into
¢ach market segment. At this point of time, it is necessary to identify competition in
each segment and assess their strengths and weaknesses. This may lead to the
identification of some desired market segments where the project authorities might
enjoy special strengths and the competition is weak. Such segments would be most
logical choice for targeting. Should such happy circumstances do not present
themselves, the project authorities must still make a choice of the market segmentz, they
would like to enter. Choice of these segments would determine specific details and
features, that the product/service must have and the corresponding marketing strategy to
be adopted.

The next decision point would be to decide on a target market share in each segment, so
8% to attain the oversll market share targeted earlier during demand forecasting, This
would be a function of competition in each segment and the competitive strength that
the project authorities wishes to build for themselves. This analysis also help the EPT
{equipment and process technology) decisiong, gince the end product mix and their
principal features get determined.

i) ThedPa

Armed with the segmented market share targets, it is now possible to design the
Product/Price/Promotion and Place (digtribution) strategies for the products/services.
Product decizions would concentrate on special features, add-one, options and other
product design parameters to suit the specialized needs of each targeted market
segment. Pricing for each segment may also be estimated in advance. These estimates
would form uaeful inputs for estimation of sales reverme required in the finance zection
the DPR,

The next important decision point concepiz the diztribution strategy for the product/
service. These decisions would in turn lead to the requirements for packaging materials
and machinery ¢ -d finished goods trangportation and warechouring requirements. In case
of a large number of industrial and houschold appliances, it would also inchude
ingtallation and commissioning of the product and after gales services.

The last but not the least, the promotional strategies each segment has to be chalked out.
Most customers wounld not mow by themselves, the emergence of a new supplier, ag 8
result of the project undertaken. They must be informed. They must also be mformed
about the large range of produsts/services being/would be offered, their special
characteristics and features and when and where would these be available. For new
applications, uscrs must be approached directly and new applications ideas must be
pursued. For example, cycle manufacturers may be told the benefits derivable from
gtainless steel nms and theit- technical problems for adapting stainless may have to be
golved. A definitive promotional plan needs to be drawn up and included as part of the
DPR.

k) Product Laonch Strategy

Marketing expetts often refer to the introduction of a new product into the market as a
product launch, They devise a three step procedure involving i) test marketing in
sclected arcas, ii) data collection and analysis from test markets and iii) final product
launch. Detailed plans for the launch, including 2 separate network of activities are
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drawn up for succeseful launching of a new product. The DPR may preferably
contain a seetion devoted to the Product Launch Strategy and Schedules,

I) Marketing Organization

The DPR must now tum towards the orpanization for carrying out the necessary
marketing functions during the Project phase and the operation phaze, p&cmhzed one
time activities like market survey etc. may be best entrusted on appropriate agencies.
But the project authorities must retain some activities and decisions in its own hands.
The marketing organizaticn would be responsible for these decizion, az well as, co-
ordination with all the external agencies involved in the marketing efforts. At least
one person (manager) must be in position from the very beginning. Further additions
may be planned depending upon the schedule of marketing activities,

m) Marketing Schedule

The DPR should draw up a separate schedule for all activities telated with marketing
of the product. The network for new product launch would be a part of this schedule.
It would include other activities like recruitment and induction of marketing
executives, appointment of specialized agencies, printing of information brochures
and leaflets, media selection for promoticnal activities, and o on. 4 well planned
marketing schedule in the DPR is a must for the success of a project.

n) Other Marketing Options

The planners might, at this stage, also consider a few gpecial marketing options,
These include:

- Consumption within the same group of companiss.

- Guaranteed buy back arrangements

- Exports

The first option is one of the easiest and one must not mix this opportumity.

In many instances, it may be possible to arrive at fixed or guaranteed buy back
arrangements. In the more recent trend towards Just-in-time supply and much closer
under relationship, a project may be conceived as 2 main supplier to a single major
customer, with options to supply to other customers as well. This is the other side of
vendor development. In such cases, however, the product decision mint be according
to the requirements of the major customer and the EPT (Equipment and/Process
Technology) must conform to these requirements.

Yet another tie up could be for exports. A numbet of mining projects in our country
had export tie-up amangements.

The market planning exercise should develop a product-mix, installed capacity,
progresgive capacity utilization targets and a strategy and otganization for
achieving thege objectives.

Activity 7

"Marketing Planning forms the comerstone of any project formmulation we should
never go in for a project for which customers and their demands have not been
identified.” Examine the statement and bring out streng justification of marketing

planning.



5.4 EQUIPMENT AND PROCESS TECHNOLOGY Fommulation of Detailed
Pmject Reporia
8) Overview

The market planning section 1aid down the product-mix and the mstslled capacity
requirements for a project. It ir now time to devote our attention to the derign of
facilitics, that wounld be able to produce and deliver these products

MATERIALS FLOW

VENDORS INPUTS PROCESSES OUTPUTS CUSTOMERS

DECISIONS FLOW

Fig. 1
services of the required quantity and quality, This exercise is broadly termed as the
EPT {(Equipment and process Technology) decision. In erder to understand the nature
of this exercise, it may be helpful to have a very broad and general framework for
discussion. Fig. I depicts a general transformation systems, in which vendors supply
certain inputs, These inputs are processed to add value of them, and are then supplied
to customers materials flow from vendors, through the processes, onto the customers.
EPT decisions are concerned with the design of this entire chain. These may, very
broadly be classified into

QOutput decizions

Process decisions

Inputs decisions

Transportation & Storage decisions.

Note that these decisions are listed in reverse order of materials flow. This is depicted
by the decisions flow amrow in fig, 1, This indicates the logical relationship between

The market planning section hag provided us with the output decisions. The EPT
gection must provide the remaining three decisions and a plan for their execution.

The inputs and process decisions have an element of complementaty built in.
Together, they may be said to represent major "make or buy" decisions. A very wide
cheice exists between making almost everything required in-house, to subcontracting
out 8ll componentz and sub-assemblies to outside vendors, and keeping only final
assembly and testing within the project facilities. Normal solutions usually fall in
between these two extremes.

These decisions are usually governed by the strategic considerations, leading to a
focus on selective competencies. All items requiring the application of sophisticated
technologies are retained as “make’ items. In contrast, low technology, commonly
available items tend to be subcontracted out, to derive cost advantages. Aftempts arc
alzo made to identify high value addition items and retain them for in-house
processing. Yet another consideration is the entry batrier. Items with low barriets to
entry are usually earmarked for buying, whereas, other items with high barriers to
eniry, are retained within, In this manner, attempts ate made to build in an element of
strategic competencies within, go 88 to forestall future competition, as far as possible.

All of such considerations are dependent on the overall state of technological
development within the country and the region, where the project is likely te be set
up. One has only to compare the design of projects during the 2nd and 3rd Ave year
plan periods, with those in the aeventh and eighth plan perioda for gimilar industries,
to see this effect, Earlier plants tended to be far more integrated, since the availability
of suitable vendors was extremely limited. Simple traditional machining facilitics
also, had to he provided in house. Now-a-days, fairly complex components and sub
asgemblies can be easily bought out.
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b} Cholce of Technology and Appraisal

The make or buy decisions lead to the finalization of various inputs and their processing
and asgembly requirements. The next technological decigion concemns the choice of
technology for these processes. In the ultimate analysis, this choice may be scenas a
choice of the mix of capital and lahour as the two principal factors of production. A
certain degree of substitution is possible, between capital and labour, Modern high tech.
equipment and processes are usually more automated, require much less labour, but are
more ¢ostly. On the other hand traditional equipment and process are less automated
required mors labour but are less costly. The trade-off lics between high capital and low
labour cost on the one hand; and low capital and high labour costs on the other,

In addition to factor costs and their relative proportions, other considerations like scale
of operations, quality and level of skills required, algo influence the choice of technology
decisions. Depending upon the markeat share and capacity forecasts, a particular level of
technology may be the optimum choice. High tech High volume EPT may not be
guitable when the overall demand projections do not indicate such high volumes of
consumptions. Non-availability of adequately skilled labour for operating and
maintaining high tech equipment and processes have often led to sub-optimal use of
guch facilities. For example, modern machinery may have automatic lubricating system,
with functional interlocks which automatically stops the machine, when the lubrication
gystem fails. These have been instances, when plant authorities have removed such
interlocks, when they were unable fo maintain the lubrication system and gtill wanted to
carry on with the machine operations, with a view to achieving production targets. Such
ghott term meagures canse irrepatable damage to plant and equipment. These factors,
coupled with the abundant supply of labour, has given rise to the concept of an
"Appropriate Technology

Whenever one considers adoption of a relatively new technology, the question of its
reliability comes up. The decision maker i3 eager to know the experiences of other users
in the use of similar technologies. Are the claims made by the suppliers substantiated by
actual users’ experiences? Normmally one has to look beyond the boundaries of one's own
country, for such information. Reputed provides of new technologies often realise this
need and provides the experiences of their other customers, specially if requested. This
choice lies between the go-called "proven technology™ and later developments.

The choice of technology is, therefore, a complex task, requiring a wide knowledge and.
information about different options and their advantages and disadvantages. These are to
be matched with the skills and competitors available, desired scale of operations, the
competitive postute of the enterprise. Finally, it is 2 well considered judgement only on
the part of the project autherities, which decides this ticklish issue.

¢} Technoelogy Collaboration

The DPR has to congider the need for and sources of any specialised technical know-
how for the project. For a number of modern technology projects, it may be necessary to
have a technical collaboration agreement with some organization who have had
considerable experience in the use of the same tachnology, and are in a position to
impart their knowledge to others. Such * collaborating organization may be found within
the countty, but in most of the cases, one has fo look for a techmological collaborator,
abroad.

Depending upon the chosen technology and the available/potential expertise within the
project organization, the DPR. might recommend the need for entering into a
technological collaboration agreement. Once the recommendation is in the affirmative, it
becomes necessary to elaborate it firther.
The DPR must specify the broad objective and scope of the proposed collaboration. The
ultimate objective would necessarily recalled full adaptation of the new technology by
the project organisation. However, this may go beyond mere "know-why". It should also
lay down the modalities for achieving these objectives. This might includes:
i) deputation of experts by the collaborator to advise and assist the project
authorities during Project Execution and Operation.
ii) training of project authoritics personnel at the works of the collaborator,
inchiding on-the-job training
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iii) transferring technical/process details in the form of documents; detailing owut Formulation of Detailed
various processes, control parameters., Pmject Reports

iv) transferring Quality Control documents detailing out control parameters,
procedhires, organigation and responsibilities,

v) assistance in the preparation of Operation and maintenance manuals,

vi) exchange of research and development findings on a periodic basis.

Cost estimates for the technical collaboration programme should also be indicated in
the DPR and included in the overall project cost. This might include some one time
down payment, defraying the travel, stay and per diem costs for deputation of
experts, some periodic payments tied up with the submission of know-how
documents according to some mutually agreed schedule, and some royalty payment
during the operating phase, ag a pre-determined percentage of sales.
These estimates should clearly state the Rupee (home country currency) expenses and
foreign exchange component of the total costs. Care must be taken to ensure that the
payment terms for foreign technical collaboration agreements do not violate any
pertinent regulations in thiz regard prevailing in the country.
After detailing out the broad objective, scope and the cogt of the proposed
collaboration arrangement, the DPR should also indicate some criteria for selection
of a collaborator and a broad time schedule for competition of the collaboration tie-
up. In most of such situations, when a technical collaboration arrangement is seen to
be essential for a project, it is scheduled to be one of the first milestones to be
achieved. In this manner, it becomes possible to obtain their advise some
fundamental agpects of the project like plant layout, selection of main plant and
equipment suppliers, training of project personmel, manpower planning, etc.
The DPR should establish a definite Equipment and Process Technology as the
chosen, feagible option and outline the need for technological collaboration if
any.
d) Equnipment and Process Technology Retails

After laying down the broad choice of EPT, the DPR must now provide as much
detailed specifications ag may be required for actual tenders to be invited or the
supply, (gupervigion of) erection, commissioning and guarantee tests of complete
plant and exuipment for the project. The totally of requiremenis may be broadly
classified into the following categories:

- Main plant and equipment

- Materials handling and storage

- Packaging and distribution equipment and facilities

- Utilities like power, fuel, air, gases, steam, water ete,

- Pollution control and effluent disposal systems

- Services like canicen, medical, drainage and sewerape, roads, milways, offices, fire
- Township and related facilities i

55 LOCATION OF THE PROJECT

The DPR must congider this design iszue and given its recommendation w.r.t. the
lacation of the project Basically, location decisions may be divided into two baaic
options: inputs or supplies oriented or outputs or market, oriented. In the former
option, the major considerations governing the location decision concerns the
availability of various inpuis for the project and their transportation from the
respective sources to the project site. Whenever a project entails processing of bulky
raw matetials snd the processing reduces the bulk by refinements/processing
operations, it makes economic sense to move the project nearer the supplies, 20 as to
cut down on transpottation costs. The strategy of National Thermal Power
Corporatien to locate major pit head thermal
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power plants rtems from thiz logic. Instead of tranaporting coal over long distances, it
may be more economical to convert coal into ¢lectrical energy, at the pit head itself, and
then transmit the clectrical encrgy through high voltage transmission systems to
consumption centreg, With the advent of High Voltage Direct Current (HVDC)
transmission technology, such options have become more cost effective. On the other
hand, gas baged power plants may be located neater, the consumption centres,
particularly if gas lines have already been laid near by, for other projects. This enables
gavings on the transmission line costs and power losses in transmisgion. The Dadri
power project (also of NTPC) near Dethi iz one such example, which tock advantage of
the HBJ gas pipeline.

As you might have guessed by now, the locational strategry is large by governed by total
uansportaﬁonmstsforﬂmenﬁre chain, including transpottation of all inputs from this
sources, to the processing site and that of all outputs to the consumption centres. In fact,
very standardized trangportation models, which is a special form of Linear Programming
mode], can be applied to find out the optimum location, from amongst a set of other-
wise suitable options. This exercise needs the sources and quantities of all supplies
available, their unit transportation coat to cach location and the demandr at different
consumption centres, coupled with the ynit transportation cost of finished goods to cach
consumption centre, from each location.

Let us now turn to the other considerations that govern locetion decisions. A major
clement in this respect is the packet of incentives that various state governments and the
central government offers, to induce induatries to be located in backward areas, to
promote industrialization and development of such areas. Such incentives may include
exception from sales tax for some initial years, concessional rates of income tax,
availability of land in industrial cstates, assurances of power and water supplics, and so
on. Investors on the other hand, all concerned with the availability of infrastructural
facilities and proximity to markets. Since an entire district is usvally designated ag such
a backward area, industrialization usually takes place at the fringes of such areas, that
are contagious with mote advanced (industrislly) districts, to derive the backward atea
benefits as well as the benefits available at more industrially developed districts. For
example, the South 24 "Parganas district was declared as 8 backward ares, and it is
located just south. of Calcutta, Industrialization has progressed on both sides of the
Diamond Harbour Road connecting it to Calcutta, beginming from the immediate borders
with Calcutta. The Siemens factory is one such early example.

This leads us to yet another important set of considerations that govem the location of
projects. These include:

- The regulatory framework in the region

- Availability of skilled manpower

- Industrial relations situation

- Infrastructural support

Quite often the environmental control regulations differ fiom State to State and their
enforcement varies from State to State. This is an important consideration for those
projects which have significant detailed impact on their environment.

Many projects are dependent upon the availability of skilled manpower and repair
services which are genetally available only in industrialized regions. In case these
specialities are not available, it becomes necessary for the project authorities to build in
guch costly facilities and skills within the organization. This may not be the most cost
effective solution because the need for such specialized services are not very regular and
may lead to under utilization of highly skilled personnel. In such cases, project
authorities would like to locate themaelves nearer highly industrialized belts so that they
can easily draw up such services,

The industrial relations situation vary significantly form one region to another. Labour
unions &re known to be better organized and capable of strong collective bargaining
effortr in the highly induatrilized locations in the country. Any new project coming up in
the vicinity of such areas would most likely attract similar ynion activities, Thig is an
important consideration with the project authorities. If the authorities feel that the
benefits of locating in an industrialized area are high and they have sufficient experience
and confidence in manaping the industrial relations, they may still decide to locate their
industry in such an area. On the other hand, if locating an industry in a less developed
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and, therefore, more peaceful industrial relations climate they might as well so. These
aspects of the DPR are to a large extent influenced by the perceptions of the owners
in these regpects.

Many medium end large projects could require the services of professional mansgers
who would be enjoying good infragtretural facilities like education for their
children, housing, health care, recreational facilities, public transport systems and
communication facilities. For any new project to be able to draw talented managerial
and supervisory personnel it might be eszential to ensure that equally adequate
infrastructural support facilitics would obviously be the winner.

5.6 LAYOUT OF THE PROJECT

The layout itself have profound implications on the profitability and efficiency of any
enterprise. Bven safety considerations can lead to major changes in layout. The
layout for a project determines the location of various departments, processes, work
centers, machines and gervice function as well as the transportation routes for
movement of materials through these facilities. A good layout should try to reduce
material handling cost to the minimum, ensure flow of men and materials between
processes without any back tracking and or condition, provide adequate safety for
men and equipment and enhance labour efficiency and a layout in the shape of a "U"
pattern is one of the most favoured layouts since it facilitates commmunication
between operators and provides an access to a number of machines. This ig shown in
Figure 1. Such layouts also provide certain degree of operational flexibility thereby
helping in achievement of improved quality of work life.

Safety must be a very important consideration for deciding locations of potentially
hazardous facilities. For example, storage facilities for acids and other hazardous
itemns must be located ag far away from the general center of activities as
economically and practically feasible. Facilities which are prone to fire hazards
ghould be located in a fashion that eagy and quick multiple accesses for fire tenders
are posgible. It may be worthwhile to give a specific safety check to a layout before
finalizing it. In an old plant which had not given due congideration to these factors a
fire totally damaged two very important equipment simply because the fire tenders
could not reach the spot easily.

5.7 MATERIALS BALANCE OF THE PROJECT
CAPITAL

The DPR should provide an estimation of the total material balance for the project
This eculd include the quantitiez of all major material inputs for the capacity output.
It would also specify various losses and bye products that may take place during
handling and processing of these materials, It would also given the total quantities of
each categary of product which are expected at full capacity utilization for the
project. This would obviously involve the application of certain norms for material
losses and yields of different processes. The DPR should very specifically mention
the assumptions with respect to thege norms and the basis thereof. These standards
become the first level targets for achievement before the plant operating agencies at
the end of the project peniod.

58 SPECIFICATION FOR MAIN PLANT AND
EQUIPMENT

You have noted in the beginning of this section that the DPR must provide detailed
technical specifications for the purpose of tendering of all facilities that are required
for the project. The specifications for the main plant and equipment, processing
capahilities
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of each equipment and the outputs expected thereof. In other wordsz, it is 8 materials
balance for a new equipment, The specifications should also inchude all the
consumption norms for major services and consumables required like power, fuel,
steam, water, compressed air, ete. and all costly consumables, POL items and
chemicals. These consumption levels have an important impact on the cost
effectiveness of an equipment and, therefore, it is very impottant to specify these
norms at the tendering stage itself.

The specifications should also include the throughout or cutput rates snd the overall
annualized capacity of cach equipment. The gpecifications should alzo include the
emission levels for all affluent the gases and their composition which must be
adhered to. These requirements are set in accordance with the environmental

regulations prevailing in the region.

5.9 ENVIRONMENT IMPACT ASSESSMENT

The EPT chapier of the DPR must devote a separste section on environmental impact
asscssment for the project. Such an assessment would have the specifications of the
environment which is known ar the bage level rpecification hefore settingup a
project, Thereafier, an estimate should be made as to the impact of the project's
operations on various base level parameters. These could cover air, water and soil
parameters, For example, this might include the sulfur dioxide level in the
atmosphere or flouring level for water in the surrounding area. With the disposal of
golid, liquid end gaseous effluents generated by the project, it is expected that these
levels would shoot up. After estitmating the impact of the project on the base level of
the environment the DPR should recommend specific control measures and effluent
treatrent facilities so that the environment can be restored to permissible limits.

For example, there may he provisions for installation of electrostatic precipitators for
arresting dust particles, chemical treatment plants to neutralise toxic elements in
fluids before digposgal, installation of useful by-products plants, ete. Sometimes
gchemes for planned tree plantations may also help to mitigate the otherwise
unavoidable impact of pollution. In special circumstances, when the industry deals
with some particularly hazardous material, airangemeniz for emerpency treatment, in
case of sccidental exposures should also be included.

TheDPRmustensureﬂ:atﬂ:eprwmons are adequate for fulfilling all the legal

obtaining in the locality where tlmpru_]ectlstocnmeup This calls fora
detalled knowledge of all the state level and national level provisions w.r.t.
environment protection. Many of the provisions cell for obtaining specific clearances
form controlling bodies. The DPR should also include a time schedule for obtaining
g1l the required clearancea.

Detailing of EPT provides complete specifications for all equipment and
facilities; ready for issuing invitation of tenders. They would also include
guidelines for information to be obtained from equipment suppliers. The details
should also apecify the location, layout, material balance and environmental
impact assessment for the project with reasons thereof.

5.10  OPERATIONS

a) Capacity Planning

One of the important considerations in foSrmulating a DPR involves capacity
planning. The marketing exercise provides the basic input for deciding the installed
capacity requirement for the preject which mmst he sufficient to cater to meet the
demand for the entire spectra of the plant product mix. Starting from this point, the
DFR tries to forecast a progressive build up on capacity utilization over the initial
yeats of the operation of the project and targets an initial period of 34 years within
which the facility must attain its final capacity utilization level This progressive built
up of capacity is then translated into the mumber of shifts of operation that is required
of each
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major plant and equipment. An attempt i made to economize on the number of shifis to he
operated for each plant and equipment on the initial stages when the overall capacity
utilization ig not likely to reach its ultimate target. After arriving at this basic operational
detail the DPR goes on to specify a broad requirement of manpower at different stages of
capacity utilization.

b) Plant Organisation

The DPR also includes a recommended plant organization covering all functions at the
three broad levels of management - junier, middle and senior. The issues concerning
centralization versus decentralization are to be discussed and ¢ertain recommendations may
be made in this regard keeping in view the technological requirements for successfully
operating the plant facilities. Some of such congiderations would involve maintenance
functions. In & centralized maintenance get up all executive in the maintenance setup
would come under one chief of maintenance, who would hold a position parallel in rank to
the chief of operations. Both of them would be reporting to another top level executive.Ina
decentralized setup, separate unit level maintenance teams would be reporting to the
operational head of that unit. There are advantages and disadvantages inherent in both the
gystemg, and the designers should weigh them carefully, keeping in mind the nature of
technology employed, and make a recommendation.

¢) Personmnel

The DPR includes & section on the overall personmel requirement for the project as well as
the operation phase and a broad plan for recruitment, induction and training of required
personnel. The requirement of all technical, skilled manpower is derived from the capacity
utilization plan discussed carlier. Depending the mumber of shifi of operation required for
each major plant equipment, utilities and support services, the DPR can give g phased
requirement of skilled and supervisory manpower for the operations of the project. The
requirement for managerial positions can be derived from the recommendation for a plant
organization. While thege forecasts pertain to the period of plant operation, the DPR should
also indicate the organization at the project phase that may be necessary. The requirement
of personnel on the project phage would largely depend on the extent to which direct
supervision and management of the project is undertaken by the project authorities and the
extent to which the project realize on specialists services from consultants and other
consideration and erection specialists for project execution. Higher the number of services
purchased form outside agencies, lower should be the requirement of having one's own
personnel However, it mmst be borne in mind that under no circumstancer, the main
control over time, cost and quality aspects of the project can be left to outside agencies.
Therefore; during the project phase also the project authorities must have a pare minimum
of project management execmtives sntrugted with the responsibility for ensuring that these
basic controls are not lost.

In many projects it is found that the large number of managers are required at the peak of
the project execution phase. However, their need reduces as the project tenters the
commissicning and puarantee test phase while the requirements for mangers to operate the
facilities increases during the same period. It is, therefore, a good strategy to plan ahead for
4 transfer offer to some project personnel to more to operation, towards the end of the
praject execution phase. This becomes all the more important when the organization enters
into a single large project and may not have another similar project to be handled after
completion of the current project on hand. However, there may be a situation where an
organization keeps on taking up a series of projects one after another. Linder such
gituations it becomes preferable to build and retain the expertise in project manageient and,
therefote, to, transfer project pervonnel from one project to another, instead of absorbing
them in the operating phase of a given project. The DPR should take into consideration
these features of the project organization and accordingly draw up a phased recruitment,
induction and treining plan for all categories of personnel required for the \operations
phase.

The phased recruitment and training plan takes into account the timing of the availability
of personnel for the purpose of training and subsequent placement during the project and
operations phase of a plant. For example, key maintenance personnel can benefit
gignificantly through their association with the erection of the equipment, which they
would be required to maintain later. Such an association provides an opportunity for a
practical exposure to various components and assemblies of major plant and equipment
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during their erection. Only a major shut down in future can provide a gimilar
opportunity to have a close view of die equipment. On the other hand, operating
personnel may not ber required to have such detailed knowledge of the internal
constitution of major equipment and it may suffice to have theirs at the beginning of
the trial runs. This would enable operating personnel to understand the operating
characteristics of the equipment form the very beginning. Such an analysis would
lead to scheduling the recruitment of maintenance personnel well ahead of that of
operations perzonnel.

Traming of all key personnel is yet another important factor and sufficient care must
be exercised of identifying the training needs of various categories of personnel and
build these period in the recruitment plan so that people are trained before they are
positioned to their respective assignments. Such training needs may include training
inhouse, training within the country with some other organizations who are willing to
accept the trainees, training abroad with the major equipment supplicrs as well as
with tine technical collaborators if any. A well planned personnel recruitment,
induction and training schedule can help significantly in the success of the project.
The DPR would also include an estimate of the different salaries and wages to be
paid for all categories of personnel and thiz would provide an input for estimating the
overall persormel costs for the project. These costs would be included in the overall
cost estimates for the project.

d) Operations Planning

Any new project is very much similar to the setting up of a new household. Very
simple items like salt or a scrubber need to be purchased before a new household call
gtart functioning. Similarly, the operation of any new project would require a large
variety of different itemns like minor consumable, stationary and safety related items
which muast he procured in order that the project facilities can be smoothly run. The
DPR should devote a section on operations planning to recommend an organized
approach for carrying out the operations planning exercise so that all trifling and
minor items are available for the operation of the facilities. Expericnce with a number
of projects show that a small cell managed by one or two persons can be entrusted
with the operations planning activities while the project is still under execution. This
provides the project authorities adequate time and a guarantee that nothing will be
mizging at the time of opetations. Thig cell would fitst of all list all supplies and
consumable required for the operation of all plant, equipment and services. They
would try to identify the different sources of supply for each of such items - the
reliability of the source, their delivery time requirement, quality and the cost. Based
on these efforts, this group should place orders for the first supply to match the
commisgioning achedule and follow up with a1l the suppliers to ensure timely
availability of all items.

While the DPR cannot lay down the details, it must ermphagize a need to initiate
actions for operations planning and indicate a schedule for carrying to this activity
parallel with the project execution.

£) Vendor Management

All the items which are decided to be purchased inputs for the final product/services
to be offered by the project needs vendor management functions. The DPR must
provide puidelines indicating items where existing supplies can be relied upon and
identify those cases where it would, be necessary to develop new vendors. For new
vendor development, the DPR. might touch on such important issues as the need for
know-how transfer to the prospective vendar, equity participation in the prospective
vendors project, method of quality contrel on the prospective vendors supplies
delivery schedules, pricing of supplies and finding support, if any by way of
facilitating term loans from financial institutions. Incase of a project in which vendor
development occupies a very critical role (for example a new automobile preject) the
DPR should alse outling the organizational requirement for vendor development. The
DPR should alse provide guidelines for implementation of the vendor development
girategy and it proper maintenance. This might include guidelines for the degree of
coordination necessary with the vendors, more of information sharing with the
vendots and approach to obtain synergy in the efforts towards vendor development.
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) The Quality Strategy

The operations section of the DPR should also touch upon the quality strategy to be
adopted he the project authorities. This might include a statement of the basic
.approach, to quality and go on to include wage and means to ensure the quality of all
supplies, in-houre proceas and digtribution and after rales service management. Tt
must be emphasized that in the hectic schedule of project execution and the initial
days of commiggioning, guarantee test and the thrust towards achievement of
capacity utilization targets, quality very often takes a back seat, With the primary
cmphasis on quality targets quality may even be neglected and some undesirable
operational practices lead to inferior quality may come in vogue. Once such wrong
operating practices find a place within a enterprise, it becomes vety difficult to
correct them the introduce good practices later on. It is, therefore, very essential to
have a quality strategy from the very beginning and siress the use of quality
approaches from day one. This might also involve training a¥l categories of personnel
in quality including those involved 1n operation, maintenance and services st
different levels. The principles of Total Quality Management and quality
responsibility with direct operators need to he atrerged from the very beginning to be
able to derive the best advantage from such systems,

The DPR ghould, therefore, devote a section on the quslity strategy to be followed by

the project personnel, the training needs and the need for emphasizing quality in all
facts of the function of the project at the operating stage.

g) Operations Costing

The DPR should provide considerable details on the costing of the operations at
different levels of capacity utilization. Fairly accurate estimates of expenses on
account of input materials, labour, power, fuel, POL and other direct expenses should
be provided m the DPR for each line of product mix. The DPR should alse give fairly
accurate estimates of other marketing, administration and other overhead expenses.

h) Manapemeni Information System (MIS)

The DPR should devote a section on the recommended outline of an MIS to he
adopted for the operating system. The basic recommended approach for MIS should
be explained. If any computer facilities are required, the hardware and software
gpecifications should be laid down, the areas for computetization may be identified, a
suitable organization for management information systems may be recommended.

f) Safety

Safety must be given adequate weightage in the DPR. All processes/arcas which have
potential hazards must be identified; overall approach for safety of personnel and
facilitics should he clearly indicated; safety devices for protecting of equipment/
appliances from damage through accidents should be specified. This might include
the provision of limit switches, automatic intetlocks for stoppage of plant and
equipment, automatic sprinkler system for preventing fire accidents ete. some vital
installations life LPG storage facilities may require gpecial automatic safety devices
and the application of a strict safety regime to prevent fire.

The DPR should specify the general safety requirements to be followed by the
guppliers of all plant and equipment and these conditions should form a part of the
general conditions of contract in all invitations to tender.

The DPR should also discuss the safety requirements of personnsl, recommend a
gafety organization and a safety training system for all concerned people.

J) Finishing

The DPR should devote a section specifically to deal with packaging, rtorage and
handling, and despatch, of the finished products. This might inchide specification of
the packaging materials, specialized packaging equipment, if necegsary, handling
devices for handling the finished goods, provision of warchouses for proper storage
of fished goods and some thoughts on the modes of trangportation for the finished
goods from the factory to the warchouses and from the warchouses to the
dealers/retailers. An organization for the delivety system and recommendations for
encouraging the services of any specialized agencies, if necessary, should be included
in the DPR.
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511 COMMERCIAL ASPECTS

The DPR includes a section devoted to general guidelines and conditions that should

govern all types of contractual relationships likely to be entered into, during the

project. In particular, general puidelines for any eventual arbitration procedures are

indicated, specifying the nature of issues that may be referred for arbitration, choice

of the arbitrator by both the parties, and the place where such proceedings should be

held. You might recall the Enton case, whetein it wag a part of the contract that

arbitration proceedings could be held in London, and arbitrators must be chozen from

8 third country, meaning that they cannot be citizens of either India or the US.

A number of general conditions covering the supply, (supervision of), erection,

commissioning and guarantee tests of various equipment for the project need are

drawn up. These terms and conditions must get inputs from technical ag well as

commercial departments. The DPR provides certain guidelines in these respects. An

important issue may be the general procedure to be followed in the tendering process:

like single stage or two stage tendering. It may contain a model] invitation to a tender

{ITT) document that specifies the inclusion of the following items, in all bids for the

supply of major plant and equipment:

1) Recommended manpower requirement for operating and maintaining the
equipment

2) Operations and maintenance mamuals

3) Specific confirmation regarding adherence to all specifications laid down by the
purchaser

4) indicative load data and schedule of providing firm load data

5) Schedules for supply/delivery, erections and commisgicning: and a periodic
progress reporting system

6) Operators skills requirement

T) Training facilities offered by supplier

8) Experience of previous supplies

Generally the invitation to tended documenits are prepared separately for the

following categories of contracts:

1) Supply of plant and equipment

2) Supply, supervisien of erection, commissioning and guaraniee tests

3) Supply, erection, commisgioning and guarantee tests

4) Erection and commissioning of equipment

5) Civil and structural work at site

For all major vendors the terms cover supply only whereas for most of the major

plant and equipment the terms cover supply, supervision of erection, commissioning

and guarantee tests. For specialized equipment which can only be erected by the

supplier themselves, the terms include supply, erection, commissioning and

guarantee tests.

Some of the important isgues that may be touched upon are listed below:

- Commitment w.r.t. delivery period and penalty conditions, in caseof a failure to
fulfil the commitrment

- General terms of payment, including progress payment

- Inspection and testing procedures, and customer hold points

= Network plan for the contract, and monitoring and control system

- Guarantee test: schedule, procedure, criteria for success, and accompanying Bank
Guarantee

- Responsibility for damage in transit, or during erection and/or commissioning
- Conditions for admissibility of any increase in the price of the contract
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- Contract variations and the manner of handling them
- Mobilisation advance (if nay) to be paid initially

= Responsibility to supply the "first fill", and spare parts for the first few years of
operation

The guidelines w.r.t. the commercial aspects contained in a DPR can save a lot of
problems form dragging on and adversely affecting the execution of the project.

5.12 FINANCIAL ASPECTS

The DPR incorporates a much detniled projection of the corts and revenues expected
during the projected lifespan of the operation phase, The principal input to this comes
from operations Cost. However, all financing costs, like depreciation, interest on long
term loans and short term working capital loans, writing off of pre-operative and
preliminary expenses, guarantes commission ete. are inchided in the calculations.
Income Tax calculations are also included. The DPR provides projections for:

— The Profit & Loss statement
— The Balance Sheet

— The Fund Flow statement for about ten years of operations.

For the Project phase, the DPR provides an estimate of the phased requirement of
Capital. This plan forms the basis of a strategic plan for raising the funds from
external sources, like term lending institutions and through public issus of stocks
and/or bonds. The DPR would include a recommended schedule for ensuring
adequate flow of funds for the timely completion of the project, with adequate
provision for normal contingencies.

The DPR would also include for the project phase s recommended system for the
monitoring and control of the financial progress of the project, vis-8-vis the physical
progreas. Thia system iR, an essential ingredient for adequate financial control, during
the execution and the termination phage of the project.

5.13 SOCIO ECONOMIC ASPECTS

Till tecently, very little attention used to be paid to the Socio-economic impact of a
project on its immediate surroundings. However, as the experience throughout the
world shows, the attitude of the local residents where as new project is slated to come
up, sometimes play very crucial role to the successful completion of the project.
Generally, a moderate to large preject causes some displacement of the original
tenants of the land, brings in significant change in the pattern of earning livelihood,
brings in wide disparity in the standards of living between those who are emplayed in
the project and those who are left out of it, raises large employment expectations
amoeng the local popularise large employment expectations among the local populace
vis-d-vis employment potential, and very soon leads to large scale disappointments.
The effects are more glaring, bigger the size of the investment, higher, the level of
technology used, and greener the pasture, whete it is set up. Different combination of
these effects may be present in a particular project. However, any such combination
of impacts provide a fertile ground for the creatien of a social discontent. The project
is then seen as the root cause for all the turmoil, and its progress gets affected through
different types of social unrest.

It is, therefore cssential to make an effort at the carly planning stage, 1o assess the
area of population likely to be influenced by the project, carty out a demographic
survey of the area to assess the potential for direct employment in the project,
ascertain the overall nature of artisan training that could itprove their employment
potential, and seek avenues for the generation indirect employment for those who
may not be provided employment directly. For example, some low skilled services
requirements, like house
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keeping, general area cleaning, serap handling, and general labour contracts may be
kept agide for sourcing from local external sources.

Simultanecusly, the DPR may include some provisicns for community development
plans, like building of roads, schools, dispensaries, provision of drinking water
facilities, street lighting etc. A large corporation has even gone to the extent of
building rest shade for the horse drawn cartg plying in the area.

While in most of the projects, such activities are taken up only after the problems
surface, it is a2 good idea that the DPR gives some serious considerations to. these
irsnea. It should include an estimate of the expenditure for theae activities, and rome
assessment of the benefits and/or absence of potential troubles that may be expected.

The World Bank funded projects are witnessing a definite requirement form the Bank
that Secio-economic surveys are carried out both before and after the project. Many
national level progressive lending institutions may follow suite. The earlier one
adopts a proactive stance to address this issue, the better for the project. Possibilities
of involving local bodies, NGOs etc, towards the assessment and implementation of
these activitics may also be explored in the DPR.

5.14 WHO PREPARES A DPR?

You must be convinced that a very wide variety of expertise are required for the
preparation of 8 DPR. A mumber of decisions are mutually related. For example,
requitement and training plan ig dependent on the nature of the technology,
availability in the general employment market in the region need for foreign
collaboration and training, extent of specialised plant and equipment supplied for
gbroad, etc.

Financing requirements are dependent on the time schedule for the implementation of
the project.

The nature of issues to be included in the commmercial terms and conditions depend
on the extent of the spread of the contractors. If only local and regional parties are in
picture, the scope and jurisdiction for disputes get restricted.

A number of issueg depend largely upon managerial perceptions and top management
policies.

On the whole, preparation of a DPR is a complex task. Therefore, highly specialised
agencies have come up in different areas, who undertake such tasks for clients. They
are usually known as technical consultancy organisations. They specialise in some
particular field. For example, Dasturco specialises in metallurgical industries.
Engineers India Ltd specializes in the oil sector. Even for 2 medium gized project, it
is necessary that a capable consulting firm is entrusted with the task of formmlating
the DPR.

The process usually take the following shape:
- The client enters into a contractual relationghip with a consultant

= The consultant receives all inputs from the client, carries out neceasary rtudies, and
submits a first draft to the client

= The client evaluates the dmft, makes extensive ‘comments, suggestions and requests
for modificationa/further studies by the consuttant

= The consultant submits the revised draft for approval

- The consultant subunits the final DPR; after approval from the client, with all the
detailz as Appendices and Annexures.

5.15 EVALUATION OF DPR

The final responsibility for a project lics with the owners. Tharefore, the owners
organisation must have an appropriate mechanism for proper evaluation of a DFR
{draft

74



or Final} submitted by a consultant. Apart from care in selecting a suitable
congultant in the first place, the owners may pose the following questions;

What are the sources of critical data and information that have formed the basic

premises of the DPR, like, demand, capital costs, input costs, technological
glternatives, etc.

The extent to which the strategic plans of top management have been reflected in
the design

What were the various alternative congidered, and the methodology followed for
choosing one among them

The extent to which the design fulfils all applicable statutory regulations, both
currently in force, and those that may be foreseen

Identification of potential problems, bottleneeks and/or major rigks involved in
the preject.
Influence of complementary/completing projects
Degree of detailing
Scope for future expansion/modifications/adaptation to new technologies, ete.

The above list is a sample of the types of questions that the owner may pose to the
consultants, during the process of selection, appraisal of the first draft, and before
giving final approval.

Activity 8

Quality of Diesign Planning that goes into the Detailed Project Report directly
impacts on the quality of implementation and operation of the project. Elaborate the
important role of degign phase in all human endeavour.

Detail Project Report (DPR) in a very detailed and elaborate plan for a project’
indications overall programme, different roles and responsibilities, and activities and
resources required for the project. Market planning sections of DPR must cover the
demand forecasts for the goods/zetvices. Data collection either by primary source on

gecondary source is most important in planning stage.

Process technology and choice of equipment are vital in project management Choice
of technology requires a wide knowledge and information about different options and
thins advantages and disadvantages. DPR must consider the location of project
depending on the input availability and output deliverability. DPR gives details about
the project layout specification for main plant and equipment, processing capabilities
of each equipment and the output expected thereof. Environment impact agsessment
would have the specifications of the environment which is known as the base level
specification before setting up the project.

5.17 SELF-ASSESSMENT EXERCISES

1 "Decisions made during the design phase have major impact on the entire life
cyele of a project”. Justify with reasoning.

2 "Projects ghould he formulated primarily to meet the needs and wants of
customers”, Highlight the importance of market analysis in project management,
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3. "Choice of winning technology has become extremely important in the emerging
gcenario of global competition”, Explain with examples of good and had devices
of technologies.

4. Bring out the importance of gite selection for a new project. Is it an economic or
personal issne?

5. "Doubled Project Repott (DPR) forms the foundation on which the entire
superstructure of the project is built - if it is weak, project canmot weather the
turbulent times ghead." Bring out the do's and don'tz of a good DPR.
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BLOCK 2 PROJECT PLANNING AND
SCHEDULING

There are &ix units in this block. Network analysis is carried cut in the (irst unit (Unit-6).
Network diagram of project, critical path determination and total float calculation ete. are the
fucus of this unit. Unit 7 deals with the key role of materials and equipment in project
management, An atlempt has been made to appreciate that projects entail designing and
indenting materials, ordering and expediting matertals and transporting and erecting materials.

Unit B tries to comprehend human aspects of Project Planmng and Scheduling. One would
appreciate the role of human resources in developing consensus and shared vision while
evolving project schedules. Project costing and financing is deall claborating in unit 9. 1t has
given a cleaner application of the role of cost estimation of projects for defining the scope of
the tnvestment proposal and increasing importance of computerisation and cedification. Also
given the in-depth knowledge of sources of project finance from domestic and foreign
institution. Unii 10 explains process of organising resources, diflerent types of organisation
struclures, advantapes and disadvantages of matrix organisation,
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UNIT 6 PLANNING TIME SCALE--
NETWORK ANALYSIS

Objectives
After completion of thig unit you should be able to:

« Develop a network diagram of projects

¢ Differentiate between vatious levels of networks

s Carry out time-angalysis of networks

¢ Use time-analysiz results for time management of projects

¢ Use probabilistic estimates of project activity durations to compute probability of
completion m projects with high degree of uncertamty

© De\ra]np time-scaled networks of projects A Schedule projects through an
iterative process

Structare

6.1 Introduction

6.2 Network Diagramming of Projects (AQA) Diagrams
6.3 Time-Analysis of Networks

6.4 Probabilistic Durations

6.5 Other Types of Diagrams

6.6 Project Scheduling

6.7 Summary

6.8 Self-Assesasment Exerciser

6.9 Bibliography and Further Readings

6.1 INTRODUCTION

Time is of great essence in all projects and one of the most important objectives of all
project managers is to ensure completion of a project in time. In this unit we shall
discuss the various tools and techniques as well as the concepts which are vital in
effective planning, scheduling and control of projects.

As projects are unique, one-time endeavours, the normal planning and control tools
are not very effective in the planning and scheduling of projects, Network diagrams
provide a framework which can be used to develop project schedules and also for
updating and control of projects. We begin our discussion by developing the concepts
required to draw project networks and go on 1o use the same for scheduling of
projects.

6.2 NETWORK DIAGRAMMING OF PROJECTS (AQA)
DIAGRAMS

Network disgrame provide 8 mechanism to depict the interdependencies of various
activities that constitute s project. We will first describe AQA (Activities on Arrows)
diagrams which are the simplest and later, in section 6.5, we shall infroduce some
other types of diagrams.

6.2.1 Concept of Activity and Event

For effective monitoring and control, it iz necessary to break-up a project into smaller
activities. The besic idea is that if individual project activities are completed in time,
the project itself should also be completed in time.
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Activity

An activity is a homogenous element of work consuming some resources and
requiring some definite amount of time for its completion. An activity is the smallest
it of productive effort to be planned, scheduled and controlled in a project and is
represented by an arrow in a network diagrarn. The atrows ate usually labelled by the
activity codes and the estimated duration of the activity.

Event

The starting of an activity or the ending of an activity is called an event.

Activities are completed over a period of time (for example 2 weeks) while events
take place at an instant of time. In AOA networks evenig are represented by small
circles. Thus each activity has a head event as well as a fail event. For example,
activity A in Figure 6.1 below has event 7 as the head event and event 6 as the tail

O——0

Figure 6.1: Head event (7) and tall event (6) of activity A
Completion of a Project
A project is completed only when all its activities have been completed. However, as
many activities may be going on simultaneously, it is difficult to cormpute the project
completion time even if the estimated duration of each activity is known. Exceptina
very rare case, the project activities are not all sequmtla.l in nature. Thus it becomes
important for us to identify which activity may be going on simultaneously, and
which others have to be done one after the other. The different types of events
described in the next sub-section helps in this regard.
6.22 Simple, Merge and Borst Events

To get a clear understanding regarding the nature of activity interdependencies, it is
important to understand different types of events.

Simple Event

A gimple event is one which has only one preceding activity and only one succeeding
activity, Thus in Figure b.2 below, event 2 is a simple event and activity B can begin
only after activity A has been completed.

O——0——0

Figire 6.2: Event 21z 2 simple event

Merge Event

A merge event i3 one which has more than one preceding activities and only one
succeeding activity, For example, in Figure 6.3 below, event 4 is a merge event with
C as the succeeding activity and A and B as two preceding activities. This shows that
activity C can begin only after both the activitics A and B have been completed.

\@ C -

Figure 6.3: Eveni 4 is 2 merge event
Burst Event

A burst event is one which has only one preceding activity and more than one
gucceeding activities. For example in Figure 6.4 below, activities B and C are the
succeeding activities for
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the burst event 4, whereas A iz the only preceding activity. This shows that activity B Planning Time Scale-
and activity C both of them can start only after activity A has been completed. Network Analysia

’ &

. ©
®

Figure 6.4: Event 4 1s 2 burst event
Combined merge and burst event
An event having more than one preceding activities as well as more than one
succeeding activities is a combined merge and burst event. For example, in Figure
6.5 below, event 4 is a combined burst and merge event, having C and D as
succeeding activitics and A and B as preceding activitics. This shows that activities C
and D can begin only after both activities A and B have been completed.

C

Figure 6.5:Event 4 s a combined merge and burst event
There are certain gituations where the interdependency cammot be shown cleatly using
the above conventions, As an example, suppose activity D can start only after both A
and B have been completed, whereas activity C can start only after the completion of
A. This relationship cannot be shown using the simple conventions developed above.
To show the activity interdependency explicitly, we need to introduce dummy
activities in our networks. A dummy activity is one which does not congume any
resource and does not require any amount of time for its completion. Dummy
activities are required only for the purpose of explicitly depicting certain activity
interdependencies which cannot be shown otherwise. Dummy activities are
represented by dotted arrows in network diagrams. After a dummy activity has once
been introduced in a network, it is treated exactly like any other activity for any
further analysis. Figure 6.6 below uses a dummy activity connecting events 2 and 4
to resolve the difficulty in showing the activity interdependencies encountered above.

@;@_L.@

AY
+ Dummy

3
B D

Fignre 6.6: Dommy activity is needed for explicitly representation of interdependencies
of activities C and D
If two or more activitics have common tail and head events, then again dummy
activities may be needed to diagram the network elegantly — e.g. in Figure 6.7 below,
activities B and C have the same dependency relationships and a dummy activity has
been used to have an clegant representation of the same,

B I_J_,,ar@\ﬁ}bummy

B

O D20

Figure 6.7: Need for dummy activity when activitics B and C both have common
predeceszors and successors
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Conventions while drawing network dinprams

A network diagram is a set of activities and events represented by arrows and circles,
respectively. The length of an arrow does not represents anything, nor does its
direction. Events’ are numbered as 1, 2, 3, etc., while activities are labelled using
activity codes as A;-B, C, etc. By convention, the head event number for any activity
is always larger than the corregponding tail event number, The orientation of the
arrows is usually kept from left to right, signifying the flow of time from left to right
in a general way. Criss-crossing of arrows are avoided as much as possible. Itis a
good practice to represent both the start of the project and its completion as single
events. Similarly, one should use as few dummy activitics as possible.

Information Required for Drawing of Networks
The basic information required for drawing of networks has two components, viz. a
list of individual activities, and activity interdependencies. In order to be able to carry
out time analysis, time estimates for individual activities are also typically collected
at this stage.
Project Activities
A project has to be broken up into its constituent activities for detailed planning and
gcheduling. Each activity i= homogeneous, requires specific amount of resources and
is the respongibility of a gpecific individual. Work breakdown structure is usually
employed te break a large project into its constituent activities,
Actlvity Interdependencies
The immediate predecessors of each activity are typically listed. When ' this listing is
completed for all project activitics, the relationship between any pair of activitics can
be known. If activity A is an immediate predecessors for activity B, this implies that
activity B can begin only after activity A hag been completed. The beginning
activities do not have any predecessors, whereas the finighing activities are not the
predecessors of any project activity. The precedence relationships are decided baged
on technological constraints {e.g. roof can be cast only after the walls have been
built), management policy constraints and legal constraints. Precedence relationships
are sometimes used where the activities use a common critically scarce resources-¢.g.
equipment or money, However, thiz is not a good practice and it ig better to look at
resource constraints geparately and explicitly,
Time Estimates

The time required for completion, of each of these activitics can be estimated by a
person or a group of persons who are familiar with the activity and ite details. These
estimates can vary in terms of their reliability, depending on the nature of the activity
as well as the relevance of prior expetience in execution of the activity. While
estimating the activity duration, an implicit assumption about some "normal” amount
of tegources is also made. It is possible to corplete some activities quicker by
employing a greater amount of resources and vice-versa. Similarly, the estimated
duration of some activities (e.g. leveling a road) may be expressed in working time
(e.g. 5 working days)} while some other activities {e.g. curing of concrete} mdy be
expressed in elapsed time (e.g. 15 days).

Levels of Networks

Large projects consume a huge amount of resources and have to be planned,
monitored and controlled at various levels. The top management may not be
interested in the details, but would still be interested in knowing if the project is
proceeding according to the schedule or not. On the other hand, the supervisor
responsible for one activity is interested in all the details for that activity. This is
achieved by drawing different levels of project netwotk incorporating different levels
of details. At the highest (say L1) level, the project may have 20 to 30 different major
activitiez and it may be reviewed once every quarter at the top management level. At
the lowest (say L3) level, the project may have 200 to 300 detailed activities - each
activity may be the responsibilities of a specific supervisor. For the senior
management, an intermediate level of detail (L2 say having 60 to 90 activities) may
be adequate and this may be reviewed once every month for teking corrective
actions. An activity in an L1 level network is actually a sub-project in an L2 level
network and go on,
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An Example
Let us consider a comprehensive example to highlight the concepts discussed in this
umit so far. A company manufacturing and selling consumer products has recently
developed a new brand of soap and has prepared a project for launching the new
brand. An activity analysis is first carried out to break up the project into
homogeneous activitics. From a careful analysis of the activitieg, the immediate
predecessors for cach activity is also determined. Finally, the duration of cach
activity is egtimated based on previous experience of similar in the past. This
information is presented as Table 6.1 below,

Table 6.1 Details of Activities for New Product Lannch Project

dmmediare | Estimoted
Activity Predecessar | Duration
Code Activity Daseription Activin (Weeks) |

A Finalise package design = 7]

B Serup packaging equipment A &
and procure raw malerials

C Produce the first hatch = 12

> Package thie first batch EB.C 4

E Set up the sales office - 4

F Hecriil salesmen E 4

G Train salesmen F (]

H Select retailess E 2

I Sell to retailers G.H 3

F Diegpateh to retailess Iy T 5

E Select advertising ageney E 4

L PFlan advertisement campaign K a

M Release pre-launch L 1
advertisements

N Conduct advertisement LM 4
CAMpAlgn

From the information contained in Table 6.1, we can eagily see that activities A, C
and E do not have any predecessors and so all of them are starting activities. Activity
B is the only one with activity A as its predecessor and so it is a simple event
connecting activities A and B. Activity D hag two predecessors - B and C and so it is
a merge event connecting activities B and C to activity D. Again, activities F, H and
K all have activity E as their predecessor and so the completion of activity E and the
starting of activities F, H and K ig a burst event. Working step by step in this manner,
we build up the project network for thiz project. In thig cage it is possible to develop
the project network without using any dummy activity as shown in Figure 6.8 on the
next page.

Planning Time Scale-
Network Analyaia

6.3 TIME ANALYSIS OF NETWORKS

Cne of the key questions a project manager has to agk herself is "In how much time
can I cormplete the project?” Time analysis helps ug to answer such questions. Once
the project network and the activity durations are known, time analyziz is a relatively
gtraight-forward exercise. In fact, at the end of time analysis we have much more
insight into the project and its activitics than merely the answer to the question asked
earlier regarding the project completion, In this section, we shall describe the steps
involved in performing a forward pass and, a backward pasg — which together
comprise time analysis. We shall again take the new product launch project as an
example for thiz purpose.

6.3.1 Forward Pass

Each project has a zero date- the date when the project clock starts ticking. All
references to time for any activity or event are made relative to the zero date of the
project. As suggested by



Figure 6.8 Network diagram for the New Product Launch Projecis

its name ftgelf, in forward pass we begin with the starting activity or the starting
activities of the project and gradually move to their respective succeeding activities -
i.e. move forward in time. Assuming our activity interdependencies and time
eatimates are correct, we ask two questions for each activity :

(1) What is the earliest time at which we can start the activity?
(2) What is the earliest time at which we can finigh the activity?

In other words, for each activity, we shall be working out its Early Start (ES) time
and its Barly Finigh (FF} time, relative to the Zero date of the project.

For the new product launch project of Figure 6.8 we can easily see that ES for
activity A is 0 as A is a starting activity with no predecessor. BF for activity A can
then be computed as 2 weeks as it is not possible to finish A before this time. When
we move to activity B. which is the successor to activity A, we find that ES forBis 2
weeks and its EF is 10 weeks, since activity B requites 8 weeks for its completion
after its start. Similarly BS and EF for activity C can be easily seen to be 0 and 12
weeks respectively. Now, activities B and C have a common successor - biz. activity
D. Since activity D can start only after both B and C have been completed, ES for D
will be 12 weeks and not 10 weeks because C cannot he finished before 12 weeks (its
EF is 12 weeks). In a similar manner, this process can be continued i1l we have
covered all the project activities,

For activity 1, we can say that

ES; = max {EF;, EF,, BF,, ... }

where £, g, b, .., arc the immediate predecessors of activity i;
and EF=ES;+¢
where t; is the estimated duration of activity i.

As the EF for activity N is 26 weeks, we can say that the earliest completion time for
the new product laumch project is 26 weeks. Table 6.2 lists the results of the forward
pass for this project.
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Table 6.2 ES and EF for ali activities of New Product Launch Project

Estimated
Activiry Duration (t)

(7) (Weeks) ES, EE,
A 2 0 2
B & 2 10
& 12 0 12
D 4 12 14
E 4 0 4
F 4 4 8
G 6 2 14
H 8 4 1z
I 2 14 17
J 5 17 22
K 4 4 3
L 9 8 L'7
L% 1 17 18
n 4 55 15

6.3.2 Backward Pass

If the project has to be completed by a given date, then we can again ask two
questions for each activity:

(1) ‘What is the latest time by which the activity has to be finished?

(2) What is the latest ime by which the activity has to start?

In other words, for each activity we can work out ita Late Finizh (LF) time and ita
Late Start (LS) time, given that the completion of the project must be achieved by a
certain date.

After the LF and LS timeg for any activity have been worked out, the same can be
done for its immediate predecessors. The process thug beging with the finishing
activitiez of the project and continues through their predecessors till we reach the
start of the project. Since we are moving backwards in time, the exercise is referred
to as the backward pass.

For the new product launch project, we can conduct the backward pass assuming that

the project has to be finished in 26 wecks - its carliest completion time. Thus, LF for

N is 26 weeks and consequently its LS nmist be 22 weeks since it takes 4 weeks for N

to be completed. For both activities J and M, LF 1s 22 weeks ag N cannot start at 22
umnless and until J and M are completed. The LS for J can then be worked out as (22-
3) i.e. 17 weeks, where 5 weeks is the duration of J. Moving one further step

backwards, the LF for D and I have to be 17 weeks. This process can be continued in

8 gimilar manner till we have covered all the project activities.
Table 6.3 LF and LS for all activitles of New Product Launch Project

Estirncred
Acrivity Duration (1)

(i) (Weeks) LF, LS,
A 2 3 3
B 2 13 5
C 12 13 1
D 4 LF 13
E 4 4 0
F 4 B o4
G G 14 8
H B 14 G

1 4 17 14
I 5 e 17
K 4 12 8
L 9 21 12
% 1 22 21
N 4 26 22
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For activity 1, we can say that
LF; = min {L8;, LS, LK, .... }
where j, k, 1, ... arc the immediate successors of activity i
and LS, =LF,-t
where 1; is the estimated duration of activity i. Table 6.3 above listz the results of the
backward pass for this project.
633 Total, Free and Independent Slack

If we look at the results of the forward and the backward pass together, ag in Table
6.4 below, we observe some interesting facts. For activity A, although the ES is 0
weeks, its LS is 3 weeks showing that due to some reason if this activity is noet started
at 0 weeks but zay at 1, 2 or 3 weeks, even then the completion of the project is not
delayed. On the other hand, for activity E both its ES and its LS i3 0 weeks showing
that any delay in its start will immediately affect the completion of the project. In
other words, some activities have some looseness or cushion and some others de not.
This property is referred to as activity slack and in this sub-section we hall try to
develop 8 decper understanding of the same. Activity slacks are very useful when
preparing project schedules.

Table 6.4 Activity Slacks for sll activities of New Froduct Launch Project

Estimared Indep-
Activity | Durasion Total Free | endent
(i) (Weeks) | ES, | EF, | LS, | LF, | Slack, | Slack, | Slack,
A 2 o [ 2 [ 3 [ 3 0 0
B 8 2 10 5 13 3 2 0
C 12 0 12 I 13 T 0 0
D 4 12 16 13 17 1 1 [ 0
E 4 0 4 0 4 0 0 0
F 4 4 B & B 0 0 ]
G & 3 14 8 14 0 0 0
H ol 4 2 5] 14 2 2 2
I 3 14 17 14 17 O 0 L
I 3 17 22 17 22 ] 0 0
K 4 4 8 8 1z 4 0 0
L g 8 17 12 31 4 0 1]
M 1 17 18 21 272 4 il 0
N 4 22 26 ) 26 0 L] 1]
Total Slack

Total slack for an activity is the difference between its LF and EF or that between itg
LS and ES. If the total slack for activity K is 4 weeks, then there can be a maximum'
delay of 4 weeks in the completion of activity K fiom its EF or a maximum delay of
4 weeks in its start from its ES, without affecting the timely completion of the project
in 26 weeks.

Cn careful observation of Table 6.4 together with the netwotrk diagram of Figure 6.8,
we find that activities K, L and M - all have a total slack of 4 weeks. However, this
does not mean that each of the activities K, L and M can be delayed by 4 weeks’
without delaying the completion of the project. In fact, the total slack of 4 weeks is
ghared by activities K, L and M and that is why the total slack of an activity is
sometimes referred to gs its path slack g3 it is shared with other activities on the same
path or sub-path. Another way to view totsl: slack for an activity is that if all other
activitics take exactly the same time for their completion as given by their respective
estimated durations, then the maximum delay possible in the execution of thia
activity form its egtimated duration is its total slack.

The computation of total slack for sctivity i can be done as follows:

[Total Slack], = EF; - ES;
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Free Slack Planning Time Scale-

Network Anal
Consider activities B, C and Din the network diagram of new product launch project d
ghown in Figure 6.8 and its time analysis shown in Table 6.4. Activity B has a total
slack of 3 weeks, whereas both C and D have a totsl slack of 1 week each. In other
words, out of a total slack of 3 weeks for activity C, only 1 week is shared with its
succegsor and other 2 weeks of total slack are not shared with its successor. We say
that activity B has a free slack of 2 weeks, which it does not share with ifs
successor(s). Free slack can occur for only those activities whose head events are
merge events (or combined merge and burst events) and this slack is available only to
the activity concerned and not to its successor. If the activity concerned cannot make
use of the free slack, it is no longer available to any of its succeeding activities:

The computation of free slack can be done as shown below:
[Free Slack]; = ES, - EF;,
where j i8 a succeeding activity of activity L
e.g. [Free slack of activity B] = (ES of activity D] - [EF of activity B]=12-10=2

weeks
Independent Slack

Some activities may have some slack which they do not share with any of their
predecessors or any of their successors. This slack is referred to as the independent
slack of the activity concerned.

If we take a closer look at activity H in the project network of Figure 6.8, we find that
H does not share any of its total slack of 2 weeks with its predecessor B which does
not have any total slack - nor does it share it with its successor I which again has a
total slack of 0 weeks. Thus, the total slack of 2 weeks available to activity H is
independent of any of its predecessor(s) or its snccessor(s). Independent slack can
occur only for those activities whete there ig at least one more sub-path between the
tail event and the head event of the activity concerned. The tail event for activity H is
4 and the head event is 6 and the activity H provides a direct path between these two
events. However, therc is another sub-path between these two events - viz, via
activitics F and G and the difference between the two sub-path lengths i.e. between F
and G on one side and H on the other is the independent slack of H. Activity H does
not share its independent slack-with either its predecessor or its successor. Even if all
its predecessors finigh at their latest possible times (i.e. at their LF) and even if we
want all its successors to begin at their carliest possible times (i.¢. at their ES), even
then activity H has its independent slack of 2 weeks.

The computation of independent slack for activity i can be done as follows :
[Independent Slack]; = ES; - LF; — t;
where j is a succeeding activity and h is a preceding activity of activity i.

e.g. [Independent Slack of activity H] = [ES of activity I] - [LF of activity E]
(Estimated duration of activity H)]

=14-4-8=2 weeks
63.4 Critical Path

If the project hag to be finished at its earliest completion then some activities cannot
be delayed at all. These gre the activities with zero slack and they are called critical
activities ag their timely completion is eritically important for the timely completion
of the project. From Table 6.4 we can see that activitics E, F, G, L J and N are all
critical activities for the new product launch project. The path obtained by joining the
critical activities is called the critical path of the project. Thus the path E-F-G-I-J-N is
the critical path for the new product lasmch project as shown in Figure 6.9 below.,
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Figure 6.9: Critical Path for the New Product Lannch Project

The critical path is also the longest path from the start of the project to its finish.
Howevet, a project may have more than one critical path. While a project is under
execution, critical activities need to be monitored very closely as any delay in their
completion is immediately reflected as a delay in the project completion:

63.5 Time-scaled Networks

As the network diagram are not drawn on time scale, they do not communicate much
visually except showing the activity interdependencies. On the other hand, managers
have always found it more convenient to interact with bar charts when it comes to
monitoring and controlling the actual performance vis-a-vis the scheduled
performance,

This anomaly can be removed by drawing time-scaled networks. In these networks,
all activities are drawn horizental arrows and the length of the arrows represent their
durations. The critical path is first drawn as the longest path and then the other paths

and sub-paths are drawn,
A B
f_'@ T
v
|
c B

[P ——

| |

l 3 i 7 9 11 13 15 17 19 2l 23 35

Weeks —»
Figure 610 Time-sealed Network for the New Products Lainch Project
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The time-scaled network diagram for the new product launch project is shown in Planning Time Scale-
Figure 6.10 below. For easy reference, the event numbers used are exactly the same Network Analysia
& used in Figure 6.8 earlier. The time-scaled networks show not only the activity

interdependencies but alzo their durations and their slacks - dotted horizontal lines

ghow the activity slacks and it is quite clear that activities K. L and M. cach has a

total slack of 4 weeks which they share among themselves. It is also clear that if there

is any delay in the completion of activity K, the total slacks of activities L and M

automatically get reduced to the same extent and hence the appropriateness of the

terns path slack. Free slack and independent slack for different activitics can alse he

seen in the time-scaled network. In Figure 6.10, all the activitics are shown at their

respective earliest start and finish and so the ES. EF times can be seen directly. The

LF and the LS times can also be interpreted from the figure.

Activity 1
‘What are the benefits to manager for determining the critical path of a project?

6.4 PROBABILISTIC DURATION

In many projects there are activities whose time durations cannot he estimated very
precisely because of the high degree of uncertainty asgociated with them. In fact, it
may become impossible to get satisfactory time estimates for some activities because
of the uncertainty in their durations. In Programme Evaluation and Review
Technique (PERT), one of the eary network approaches to project management, a
gpecial mecheniem has been develaped to handle these uncertainties. We ghall first
develop the concepts in aection 6.4.1, use the same in section 6.4.2 to answer
questions regarding the probability of complefion of a project in a given amount of
time and finally in section 6.4.3 discuss some limitations of this approach.

6.4.1 Three Time Extimnates

For some activities where the degree of uncertainty is high, it may he easier and more
appropriate to get three different estimates for each activity duration rather than
trying to get the best estimate, We can thus try to find-an optimistic estimate, a
pessimistic estimate and a most likely estimate of the activity duration.

Optimistic Time

If all conditions are favourable, then the minimum time in which an activity can be
finished is called the optimistic fime of the activity concerned. Of course the
prohability of all the conditions being fayvourable is very low and so the probability
that the activity will actually be finighed in its optimistic time is very low. In fact, we
can say that it is itnposgible to finigh an activity in less than itz optimistic time. a
Peasimistic Time

This is the reverse of optimistic time, If all conditions are unfavourable, then the
maximum time in which an activity will be finished is called its pessimistic time.,
Using the same logic as earlier. we can say that the probability that an activity will
requite as much time ag its pesgimistic time for finishing is very low and that it is
imposgsible for an activity to take longer than its pessimistic time for finishing,
Most Likely Time

In reality, some factors may be favourable and some others unfavourable for the
timely finishing of an activity and so in almost all cases the actual time to finish an
activity will be somewhete between the optimistic and the pessimistic times. The
most likely time is that duration of the activity which has the highest probability of
occurrence among all posgible values of the activity duration.

Once the optimistic, pessimistic and the most likely times of an activity are
estimated, one hag a reasonable idea about the degree of uncertainty in the duration of
that activity. It is also known empirically that the probability density function of
activity duration closely follows a
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beta distribution as shown in Figure 6.11 below. The expected duration (or the mean
duration} of the activity and its standard deviation are easily calculated as shown
below:

+
expected duration of an activity, t,= aH:l i
- . . . b-a
standard deviation of activity duration, o= .
where, a= optimistic lime of the activity
m = most likely time of the activity
and h = pessimistic time of the activity
[
el
Prohability | I'I | ‘ N
Density ! { i
# m ~h

Estimated Duration of ,ﬂ_cmrgﬁ}.-_.

Figure 6.11 Probability Distribution of Activity Duration
Thus, it can he seen from the above expressions as well as from the Figure 6.11
above that if m is equidistant from both a and h, then the probability density function
becomes a symmetrical curve with t, = m. Algo that the interval (b - ) governs the
varighility of the activity duration as measured by its standard deviation or its
variance which is nothing hut the square of the standard deviation.
6.4.2 FProbabllity of Completion of a Project
A path on a project network diagram is simply a sequence of activities and the path
length (or duration) is nothing hut the sum of the durations of all the activities on the
path. If the vations activity durations are independent or each other, then the expected
duration of a path is the sum of the expected durations of all the activities on the path
and the variance of the path duration is the sum of the variances of all the activity
durations on the path. Moreover, the general version of the central limit theorem
assures ug that the sum of a large number of independent random variables will be
approximately normally distributed regardless of the distribution of the individual
random variables. We can, therefore, not only find the expected duration of any path
but also its variance and the shape of the distribution,
Earlier, we had defined the longest path in a project network diagram ag the critical
path, However, if the individual activity durations are uncertain, the longest path in
the network may also not be known with certainty. If we now define the path with the
longest expected duration as the critical path, we can rind the expected time of
completion of a project as well as its variance. Also, we can find the probability that
the critical path will he completed within a given duration and thiz may he taken as
the probability that the project itself will he completed within the specified dutation.
‘We now propose to show how all this can he done by taking the new product launch

project as our example.
Table 6.5 Three time estimates of Activity durations for New Product Launch Project

o Imme- T_fﬂ!{!mﬁ dration (Weeks) Fretndard |
CIi- [rf ;
o et Do .|'.I’I'4‘F.|:’:' | Expected | devietion
_":'I:-,I,I.ile, Aty Leseriplinh Predee | i | Mawt | Pewie dnrosion ar
resnr mistic | fikely | musric] (Weeks) | dnrasion
Aetilviny ferl [l (&) i) ol
A | Finalise puckage decion - L i 1 2 0.333
B | Setup puckaging equipment A f & iy 8 0.467
anil procuze raw materials o
C | Pooduce the firs) hateh - Y 1 14 12 1.667
] [ ] =
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| Packages the first hatok B.C 2 4 B % 0.667 Planning Time Scale-
E | Selup thes sales office - 2 335 7 4 0667 Network Analysia
F | Redrtsalesmmen E R 4 4.5 4 0.167

G| Tram salesmen F i ] & 6 8]

H| Sclect relailers E 1 9 L 8 1333

I Sell w rewatlen 3. H 2 | 3 0.687

i Dexpatch wo retailers 21 a4 5 & 5 0. 687

K| Selec ndvertsing ageney E 3 4 ) i 0.333

L | Pl ssdvariisement campaign K b Y 8] 9 0.53%

M| Relense pre-luunch sdvis, L 1 ] i i ]

N | Condect adve camgaign I b 3 4 5 4 0.333

Table 6.5 above showr the three time estimates for cacti activity of the new product
launch project. As can be seen from the table. some activities like G and M have no
uncertainty (e.g. for activity G, optimistic, most likely and pesgimistic times are all
estimated as 6 weeks), whereas some other lire activity C have a relatively high
degree of uncertainty in their activity durations (this can he geen from the low
optimistic time of 9 weeks and the high pessimistic time of 19 weeks for activity Q.
We can also see that some activities like B have a longer left tail, whereag some
others like E have a longer right tail and many other activities like A, D, F ete, have
both their tails of equal length. The last two columns in Table 6.5 above show the
computed values of the expected duration and the standard deviation of each activity.
Figure 6.12 below shows the network diagram of the new product haunch project
where the expected value and the standard deviation of each activity duration is
ghown by the side of the respective activity code. The path with the longest expected
duration ig alzo identified as the critical path on this network diagram. As the
expected duration of each activity has remained unchanged as compared to the earlier
estimated single time estimate for each activity, the critical path is also unchanged.

B, 1.00d0)

A02.0.333)

Fl4,0:667)
Edd 0 55T) g

Ki4.0.333)

L(3.0353)

Figure 6.12 Critical Path for the New Product Launch Project whth Expected Value and
Standard Deviation of each Activily Daration

The expected duration of the critical path,
n=.21
=[LofE+t of F+1 of G+t of T+1 of T+t of N]

=[dtd bS]

= 26 weeks

The variance of duration of the critical path,



e }'_!._1 S

= [0°ofE+ 0% of F+ 62 0f G+ 0% 0f [ + G? of I + 02 of N]

= [O66TF + (0.16TF + (OF + (0.667F + (0.667)%+ (0.333)7]

= 1472 weaks?
Let t be the length of the critical path EFGIIN for this project. So, we know that t has
a normal distribution with mean p = 26 weeks and variance o° = 1.472 weeks.
Obviously, the probability that the critical path will be completed in 26 weeks iz 0.50.
As the critical path is the path with the longest expected duration, this may be taken

as the probability of completing the project in 26 weeks as well. What is the
probability that the project will be completed in 28 weeks?

: [t—w  28-26
Pr{L< 28] =Pr|—_x L
L o J].d??}

=Pr|Z= = ]

I 1213
=Pr{zg1.65)
= 0.9505

[ From Tables of Area under the Standard Normal Curve ]

This is shown in Figure 6.13 below as the shaded area under the standard normal
curve. We can therefore say that the probability of completing the project in 28
weeks is 95.05%.

=
2

3 2 a9 0 1 32 3
Z —_——
Figure 6.13 Area under the Standord Normal Curve for 2z < 1.65

Probability density—.

643 Interpreting the Probability of Completion of 2 Project

'We must keep in mind that what we computed as the probability of completion of the
project ig actually the probability of completing the critical path in the given time and
the two may not be the same. In case there is another path which iz near critical in
terms of the expected duration but with a higher variability, then the probability of
completing that near-critical path may be smaller than the probability of completing
the critical path. It may be better to demonstrate this with an example and for this we
go hack to Figure 6.12. The path CDJN has an expected duration of 25 weeks and a
much higher variability than that of the critical path EFGIIN. For the near-critical
path CDJIN, we can compute the probability of completion in 28 weeks following the
same stepe as used earlier.

The expected duration of the critical path, CDIN,
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d=sE b
= ofCeiofD+L of T+t of NJ
=[[2+44+5+4]
=75 weeks

The variance of duration of the path CDJIN,
o'= B

=[0fofC+ O of D+ O of ] + G% of N
= [ (1667 + (0667)% + (06670 + (0.333)7)]
=3.778 weeks?

Agaim, if L be the length of the path CDIN, then

Prt<28] =Pr L‘“{zg‘zﬂ

& +/3.778

) 5 1
= =
ity

=Frfz=<1254)

=0.9382 [From Tables of Area under the Standard Normal Curve]

We therefore conclude that the probability of completing the project in 28 weeks
cannot exceed 93.82% which is lower than 95.05% which wag obtained by
gonsidering the critical path EFGIIN,

In such caseg the Project Manager may get false agsurance of & relatively higher
probability of completion of a project than is actually the case, In fact, one way of
getting a valid probability digtribution of project completion time is to perform a
computer simulation of the project. In such a simulation, the project is run many
times - say 100 times or 1000 times on the computer and by studying the project
completion timeg in these runs, a probability distribution can he constricted. For each
run, the computer first picks up one value randomly for each activity - representing
the duration of the activity. These values ate picked up guch that for each activity,
these values follow the probability distribution of the activity duration as known from
its optimistic, most likely and pessimistic timeg. For each set of such values, (i.e.
each run), the project is analysed to find the project completion time as well as the
critical activities,

The distribution of project completion time can he used directly to angwer questions
like, “*what is the probability of completing the project in n weeks?" One can also
find out how frequently a particular activity became critical and interpret the same as
the probability that the particular activity is critical, This is referred to as the
criticality index of the activity when activity durations arc uncertain and is a number
between { and 1. For example, in the new product laumch project of Figure 6.12, the
criticality index of activity N would he 1.0 since activity N would always be critical,
the criticality index of activity J is expected to be very high (close to 1.0) as activity J
would be critical as long ag any one of the paths ABDIN, CDIN, EFGIIN and EHIIN
is critical, whereas the criticality index of activity M is expected to be low (cloze to
0.0) &s activity M would be critical only when path EKLMN happens to be the
longest path in the project network. In this analysis, the focus is on critical activitics
(more specifically the criticality index of activities) rather than on critical paths,

Actlvity 2

‘What is the probability of achicving the project duration computed on the basgis of
average or mean values of activity duration? How can we enhance the probability of
achieving project completion within the deadlines agreed?
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6.5 OTHER TYPES OF DIAGRAMS

‘We have so far been using Activities-On-Arrows (AOA) diagrams to represent
activity interdependencies. Although these are still the most commonly used network
diagrams, some other network diagramse are also used. In this section we present two
of these - the first one ig an Activity-On-Node (AON) diagram and the other one is
the Precedence Network (PN) diagram which is an extension of both AOA and AON
diagrams.

6.5.1 AON Diagrams

AON diagrams are similar to the AOA diagrams or the arrow diagrams that we
introduced m section 6.2 earlier. In these diagrams also, we use circles and arrows,
but the circles (or nodes) now represent activities. The arrows do not represent any
entity but only show the precedence relationships between the nodes. The arrowhead
pointz to the succeeding activity. The precedence relationship "activity B can start
only after activity A has been completed, will have an AQON diagram as shown in
Figure 6.14 (a) below, The corresponding AQA diagram for the same precedence
relationship is also shown as Figure 6.14(b).

B0 G20

{a) AON Dingram

(b ACA Diagram
Figure 6.14 Activity B can start only after activity A has been completed
In an AON diagram, cach amrow represents a precedence relationship and so the
mumber of arrows is gimply the number of precedence relationship in the project.
Also, in thiz cage there i3 no need to use dummy activities as any complex set of
precedence relationships can be explicitly represented without using any dummy.
A D—@
O——D—=—
[ Dummy
O——D
() Dammy activity is needed For explicit

ripreséntation of interdepend encies of
activitios C and [ in ADA dingram

{b) The correspending
AON diagram

O Figure 6,15 No need for Dunimy activities in AON Diagrams
AL

Figitre 6. 16 AON Dingram of the New Prodact Launch Froject with the data given in Table 6.1
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For example, the situation desctibed eatlier in Figure 6.6 to justify the nse of dummy
activities in AQA diagrams (and shown again as Figure 6.15a) can be easily
represented by s AON diagram shown as Figure 6.15b sbove:

It should also be noted that there is no concept of an event in an AON disgram.
However, if required, special events or milegtones can also be represented as
additional nodes in AON diagrama, However, they are not used as extensively as the
AOQA diagrams, This ig largely due to historical reasons ag PERT was based on an
event-criented approach. AON diagrams are now getting popular as some popular
Project Management software use this form of diagramming as also because the
Precedence Network (PN) diagrams, which are more versatile and which we describe
in the next section, are based on AON diagrams.

The AON diagrams for the new product launch project, based on the data given in
Table 6.1, is shown in Figure 6.16 above. As is generally done in AON diagrams, we
have also added two fictiious nodes called Start and Finish in cur diagram to identify

the starting and the finighing activities clearly.
6.52 Precedence Network Diagrams

Both AQA and AON diagrams can represent only ane type of interdependency
between two activities - that of complete precedence. The successor activity can start
only after the predecessor activity is completed. However, there may be partial
precedence between two activities in the senge that one of them can start only after
the other one has started or can be finished only after the other one has finished and
go on. Precedence Networking (PN) or Precedence Diagramming Method (PDM)
allows explicit representation of four types of precedence relationships and these are
ghown in Figure 6.17 below. In these diagrams, activities are tepresented a8 square ot
rectangular nodes. This allows easier depiction of the "start” (the left side of the
rectangle) or the "finigh" (the right side of the rectangle) of activities. The flow of
time is again assumed to be from left to right. Atrows represent precedence
relationships and they algo have a symbolic representation with a precedence symbol
(e.g. F8) and a lead-lag factor (e.g. n wecks).

Symbalic
Precedence Relationship  Representation Description
FS=n Finish to Start : Activity B cannot start until
n weeks after activity A is finished.
SS=n Start to Start : Activity B cannot start until n
. | B | weeks after activity A is started,
FF=n Finish to Finish : Activity B cannot finish

until n weeks after activity A is finished.

SF=n Start to Finish : Acrivity B cannot finish
until n weeks after activity A is started.

[T ]

Figure 6.17 Four types of Precedence Relationships in PN Diagrams
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Project Planming and Scheduling Table 6.6 Details of Activities for Drawing Precedence
Metwork of New Product Launch Project
Precedence Estimared
Activity Relationsiip (Lead Duration
Cods Activity Description Lag Facior) (Weeks)
A Finalise package design - 2
B Set up packaping equipment F,5,=0 g
ard precuce raw materials
C Produce the first baich 12
D Package the first batch F,§,=3 4
Sp=
E Set up the sales office = 4
F Recruit salesmen 8, 8,.=12 4
G Train salesmen F.8,=1 6
H Select retailers FeS,=0 B
[ Sell to retailers F 8 =1 3
FySy=1
] Desparch o reeailers F 5=0 5
ES =0
K Select advertising agency F.5.=0 4
L Plan advertisement campaign 5.F =12 9
M Release pre-launch F S, =0 1
advertisements §,8,=3
N Conduct advertisement campalgn F, S,=0 4
A Bl B L
(2) (8)
FFj= 3
[ FS=1 D
(12] ()
= FS
88=21" ¥ |ms-1[ G = e
(4) (&) S (3)
Fh=1
E - FS L H el 1 M ES N
@ (8) - (3) o IR NN e 5] !
FS K |sB=12] L FS '
(4) (9)
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FS Relationship Planning Time Scale-
The first precedence relationship is an F$ relationship. Fg 8;= 1 means that there iz a PETRori: sl e
finish. to start relationship between the activities G and I with a lead-lag factor of 1,

More specifically, activity I can statt only 1 week after the finigh of activity G and

not before that. FS relationships are very common and are the only relationships

which can be shown on AOA or AON diagrams (with a lead-lag factor of zero).

S8 Relationship

This is a start-to-gtart relationship. Sg Sk = 2 would mean that activity F can start only
2 weeks after the start of activity E and not before that. After activity F has started, it
is possible for both activities E and F to continue simultaneously till one of them is
finished.

FF Relationship

Two activitics may have an FF relationship if one of them cannot be finished before
the finish of the other, For example, Fp Fy, = 3 would imply that activity D can finish
only 3 weeks after the finish of activity B and not before that.

SF Relationship

The fourth and the least common precedence relationship between two activities is
the start-to-finish relationships. 8,Fy= 7 would mean that activity B can finigh enly 7
weeks after the start of activity A and not before that.

It is perhaps posgible to split some activities in two or more parts to represent some
of these precedence relationships or introduce fictitions activities to represent lead-
lad factors, hut these are only crude approximations and not complete representations
and may result in undesirable interruptions while working on some activities. PN
slgorithms are available to compute the ES and EF timeg of activities in the forward
pass and L8 and LF timeg in the backward pass and thus to compute activity slacks
and identify critical paths. However, because of the variety of precedence
relationships, the interpretation of slack and critical path is not as straight forward as
we developed in the AQA (or AON) diagrams and has to be done with great care.

If we go hack to the new product launch project as an example and look at the data of
Table 6.1, we may find that some of the precedence relationships may not have been
of the type F8 = O. By questioning the Project Manager about each precedence
relationship, suppose we find the precedence relationships as listed in Table 6.6
above, Activity B is related to activity A through the relationship Fy 8 = 0, which is
the same as listed in Table 6.1 carlier while drawing the AOA diagram. On the other
hand, earlier we had stated that activity D follows activities B and C. On closer
getutiny, the Project Manager finds that there has to be a minimum gap of | week
between the finish of C (produce the first hatch} and the start of D (package the first
hatch). This is represented ag Fo Sp= 1. Similarly, activity D can start before activity
B (et up packaging equipment and procure raw materials) is completely finished - as
£OOT a8 some raw materials are procured, but activity D can be finished only 3 weeks
after the finigh of activity B and not before thet. This can now be repregented as
FpFp= 3. We can also agree with the Project Manager's view that the recruitment of
salesman (activity F) may not wait till the getting up of the sales office (activity E) is
finished but that we can start F 2 weeks after the start of E, This hag been shown as
SeSr—2.

Figure 6.18 above shows the precedence network diagram (PN diagram) of the new
product, launch project based on the information contained in Table 6.6, Since the
symbolic representations arc associated with the arrows, no subscripts are used to
identify the activitics associated with a preceding relationship, Also, lead-lag factors
of zero ate not mentioned separately and ave implicit.

Activity 3

By and large, we launch the project based on Earliest Start Time (EST) schedule for
all activities. Is there any justification?



6.6 PROJECT SCHEDULING

In this unit, we have so far looked at time analysis of projects and worked out Eatly
Start, Early Finish and Late Start, Late Finish times of different activities. In activities
with a high degree of uncertainty in their dutations, we have also seen the role of three
time estimates - which allow ug to compute the probability of completion of the project
in a given amount of time. However, we still have not discussed how to obtain a project
schedule in terms of setting dates for the start and finish of each activity and each
milestone. In this section we propose to dizcuss project scheduling and while doing o -
to introduce concepts of project resources and project costz,

6.6.1 ES and LS Schedules as Limity

Assuming that the activity durations estimated are comrect, we can view the two
schedules chtained - viz. the ES schedule and the LS schedule as the limits between
which the actual schedule must lie - ¢lse the project completion will get delayed. This is
because the ES time of an activity is the eatliest time at which the activity can begin or
the earliest time at which all its predecessors can be completed and so no feasible
gchedule can have a plarmed start time for an activity earlier than its ES time. Simdlatly,
the LS time for an activity is the latest time by which the activity must start if the
project hag to be completed by a given date and if the planned start time is later than its
LS time then again it will lead to an infeasible schedule since the project cannot be
completed by the given date. For the critical activities-the ES and the LS timea are the
samge and for thege activities their planned start should also be the game as their ES or
L8 times, On the ather hand, for those activities which have a slack, the LS times are
later than their ES times and any feasible schedule must have the planned start times not
carlier than the respective ES and not later than the IS times, While deciding the
planned start time some other considerations like resource availability, unevenness of
employment of workers, cost optimisation, etc. also need to be looked into. It may also
be true that because of these considerations the planned start of some activity is
scheduled after its LS time.

6.62 Resource Scheduling

Earlier in section 6.2.1 we defined an activity as a homogeneous element of work
consuming gome resources and requiring some definite amount of time for-its
completion. Each activity will require some resources - which could be manpower,
equipment, money, space or any other thing which is available in a limited quantity, The
coat incurred on an activity is largely due to the cost of the regources consumed and a
better resource scheduling may be able to lower project costs or make the project more
cost-effective.

Time analygis by itself may not produce a feasible schedule because resource
availability constraints have not been considered. If we review the process of project
planning discussed so far we find that we started with breaking up the project into itg
constituent activities, listed the activity interdependencies based on technological
constraints, management policy constraints and legal constraints and finally estimated
the activity durations based on an implicit assumption about some "normal” amount of
resources available. With the data so generated we proceeded to carry out time anslysis.
Stated differently; we have not yet ensured that the resources required for an activity are
actually available in the period when the activity is scheduled. For example, if activities
A and B both require a crew of a mechanic and a helper and we have only one such
crew assigned to the project, then A and B cannot be done simultaneously, even though
the BS or the LS schedule callg for their parallel execution. This is because resource
availability constraints have not yet been considered. If, however, the schedule is
changed and the parallel activities A and B are made gequential - i.e. one after the other
- then it becomes a feasible schedule although the project duration may get extended
due to this change. Thig is the heart of resource scheduling.

In regource scheduling, we first identity resource conflicts—-i.e. periods where the
current schedule requires more resources than are available and then we try to remove
the resource conflicts to get a feasible schedule. However, the problem iz not as simple
as it sounds here because the number of resources used in a project is very large and any
of these could give rise to a resource conflict. Secondly, even if a resource conflict is
identified, itk removal may have many consequences; it may increase the project
duration, it may lead to uneven regource use rate and it may affect the resource
utilisation; This, in turn, might complicate the process of
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removal of resowrce conflict becanse the alternative which minimises the increase in Planning Time Scale-
project duration may make the resource use more uneven and so on. Network Analysia
‘While manpower is ususlly 8 resource for most activities - in 8 large number of
projects there are various skills of manpower required and each skill and each level
of personnel i8 a separate resource. Not only that, when these people are grouped into
sections and departments - each skill or level of workman in each zection is a
separate resource. It is therefore not unusual to have 100 or 200 different resources in
large projects and a feagible schedule cannot have a resonrce conflict for any of its
resources. Further, a resource may not be required for the complete activity duration
(e.g. the activity "build & wall” may be estimated to take 3 weeks whereas the
tesource painter" may be required only for the last three days of its estimated
duration} or may not be required for the complete day (e.g. 8 working hours) even for
those days when it may be required: Thete maybe altetnate resoutces which could be
used - perhaps at a higher cost - ¢.g. an Electrician Grade I may also do the work of
an Elecirician Grade 11 but not vice versa. All these factors make the resolution of
resource conflicts a very difficult problem and that is why computers are very helpful
at this stage. There are very good software packages available in the market which
catry ouf regource scheduling using their own individusl procedures, Basically, thege
try to remove resource conflicts by first trying to change the use of the resource
within the duration of the activity, then delaying some activities having a slack and
finally by delaying the start of critical activitics.

6.6.3 An Example

‘We shall try to understand thig process by taking a small project whose details are
ghown in Figure 6.19. Here we make a simplifying assutmption that the tegource
requitement ig uniform and for the complete' 4uration of the activity.

We can easily cartying out a time analysig of this project and identify AEG as the
critical path having a length of 13 days. If each activity is scheduled at itz earliest, we
can get the ES schedule which is shown in the form of a time-scaled network in
Figure 6.20{g). By summing up the number of men required to perform each activity,
the reaource requirement for the whole project can be easily computed, Figure
6.20(b) shows the resource requirement for the ES schedule of this project. For
example, on day 1 - activities A, B and C are scheduled and this

Activity A B & D E F G H
Duration .
(Drays) 3 2 4 3 4 2 4 | 2
NMo. of men ' !
Required - (] 2 2 5 3 3 4 | 3

Fig. 6.19 A small project with eight activities, their Interdependencies
eqtimated duration and resonrce requirements.

would require (6+2+2=) 10 men. We find that the peak resource requitement is of 11
men required cn days 6, 7 and 8. However-, if only 8 men ‘are available on this
project, then this schedule is not feasible - for feasibility, the resource requirement on
any day camnot exceed 8 men.
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Suppose we use the following heuristic to remove resource conflicts:

Step 1 On the project schedule, locate the first period with a resource conflict ag one
move forward in time from the start of the project to its finish, If there is no
guch period, stop as the schedule is tegource feasible - else go to step 2.

Step2 Among all the activities scheduled to start at this period, pick up the one with
the largest total slack (where Total Slack = Late Start - Planned Start for the
activity) and delay its start. This activity cannot be performed alongwith the
othet conflicting activities - i.e. the temaining activities scheduled to start at
this period and the ones continuing from a previous period. Schedule the start
of this activity immediately after the first of the other conflicting activities is
finished.

Step3  If there is no resource conflict in this period go to step 1, else go to step 2.

Let us apply this heuristic to the small project of Figure 6.19, We begin with the BS
gchedule and the corresponding resource profile of Figure 6.20. At step 1, we find
that day 1 is the first period with a resource conflict since the schedule requires 10
persons on that day whereas we have only 8. At step 2, we find from Figure 6.20(2)
that three activities viz. A, B and C are acheduled to start on that day. Their total
glacks are 0, 3 and 5 days respectively and so we pick up activity C and delay its
gtart. The other conflicting activities are A and B and the first of these to get finished
is B. So, we schedule the start of C immediately after the start of B. This schedule is
ghown in Figure 6.21. Aa there is no resource conflict on day 1 we go to gtep 1. The
firat period with a resource conflict is now day 6 and D and E are two activitiea
scheduled to start on this day. As D hag a total slack of 1 day whereas E does not
have any slack, we pick up D at step 2 and delay its start. The other conflicting
activities are E - the other activity scheduled to start at this period - and C -
continuing from a pervious period. Of these C is the one scheduled to finish first and
go we schedule the statt of D immediately after the finish of C. This scheduls is
ghown in Figure 6.22. As there is no resource conflict on day 6, we go to step 1.
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Day 7 is now the first period with a resource conflict and between D and F which are
gcheduled to start on this day, we delay the start of F as it has a total slack of 3 days
whereas D has zero slack. As both the other conflicting activities D and E are
scheduled to finish on day 9. We schedule the start of activity F immediately after
this- i.c. on day 10. This schedule ig shown in Figure 6.23. As there is no resource
conflict on day 7, we go back to step 1 and as there is no resource conflict in any
period, we gtop as we have reached a regource feagible gchedule. The heuristic seems
to have worked very well zince we could get a resource feasible schedule without any
delay in the project completion from its catlicst completion of 13 days.

(B{2m)
'—"E:)““_l
zn ;
|
A AlEm) E (3m) G (4md)
MI 5D e D 9 in 6
Dism) ~, | !
iD . 1|
. 1
ci Fi3m) . Hi3e) i
|- ' = o 5 a == 1
Ijj-aSETsamulils Weaks —- 1334567890010 12713 wéean—l-
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3 : =
41 . 4
z | 2
12345678 010111213 ' 23456789100 1213
Werks — Wocks: =
(k) Corresponding Resource Profile {bs Crrespon ding Resournce Profile
Flipuire 6,22 Figare 623

Now suppose that we had only six men available to work on this project. Figure
6.24(a) throngh {¢) show the schedule as it evolves on application of the heuristic,
We finally get a resource feasible schedule which shows that the project can be
completed in 22 days with not more than men required on any day. Obviously, this is
not the best as Figure 6.25 gives vs a resource feagible schedule with 20 days as the
project duration. The same heuristic which worked well with a resource constraint of
& men does not work well when the constraint is 6 - men. This ig a general problem
with all resource scheduling heuristics.

6{a) ES Schednle. Project duration -13 days:

—n e e
A4 B o B
[N
L. S I
C . F H. |
Lg L L ==
0108391103444 19, of menreqd. on diff. days)
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Project Planning and Sch

() Delay C by 2 days, B by 5 days and C by 3 days, Project duration - 15 days:

A i E G

| el e i
6666699 105667744 (no. of men reqd. on diff. days)
(c) Delay D by 2 days and again D by 2 days. Project duration - 16 days:
ot E __h
: A4 1 B ¢ .
1 g D 1
i P '.'_"H i
i 1 I F i
b L L A
666 66443551111 87444 [no. of men reqd. on &I, days)
(d) Delay F by 2 days and D by 2 days. Project duration — 18 days:
.—B-‘F
: Ao b ] B o G,
L-.. : B - - I .,_...._-...--.._J .
666664-45533353?4 4 4 (na. of men reqd, on diff. day<)
(e) Delay F by 3 days and again F by 4 days. Project duration —22 days:
B .
i A _.j_ rIl E R G B g
5 N i : |
S T S U, & L
66666445533555444433313 (no. of men reqd.)
Figure 6.24 Resource scheduling with only 6 men available
Imagine the complexities involved in a large project with hundreds of activities and
scores of resources. The resource scheduling in such cases can be handled efficiently,
only by computers. However, the heuristics or rules used by different project
management software are proprietary and also none of them claim to give the optimal
solution - bt they do give
B
1'--.1--—--—!—--hln-,q
i A 1R G
R SRS S e ot
| g (i B
|
| B "
' ] 1
| A l [: —’ 'J.n.an-.--------- ---rnr-i-—-—-'-|—¥ f Tuq[l ]
666&64455665554&&433 (no. of men reqd.

Figure 6.25: Resource fessible schedule with 6 men and project duration of 20 days

good schedules. They all try to minimise the delay in project completion by altering
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good schedules. They all try to minimize the delay in project completion by altering Planning Time Scale-
the intensiveness of resource use (e.g. where the resource is not used for all & hours Network Analysia
in a shift) altering the allocation of resource within an activity (e.g. where a resource

is required only for & part of the activity duration and making use of different types of

activity slack.

Activity 4

If resources for meeting the Earliest Start Time (EST) Schedule are available, is there
any valid justification for undertaking resources planning?

6.6.4 Time/Cost Trade-off

In most projects, many activities may be expedited - L.e. completed in a shorter
duration by changing the intensiveness of resource use, changing the method or
procedure, changing the resources, changing the material and so on. However, all
such reductions in activity durations are accompanied by rige in activity costs and so
all such activity duration reduction may not be desirable. This trade-off between the
activity duration and the associated cost is the subject of intereat in this sub-gection.

The reduction in activity duration by any change in its resources, resource use,
method, procedure or material is referred to as the crashing of the activity. There are
activities {e.g. curing of concrete) which cannot be crashed, some others which can
be crashed very ' marginally and still others which can be craghed by a significant
amount of time. If we take a look at the details of activities for New Product Launch
Project in Table 6.1, we may find that it is not possible to crash activity A "finalise
package design® - from itz "normal” duration of 2 weeks whereas activity B - "set up
packaging equipment and procure raw materials® - having a ‘normal’ duration of 8
weeks may be crashed to a "crash” duration of only 6 weeks. This is because,
overtime may be used while setting up the packaging equipment and local purchase
may be used while procuring rew materials. However, there is an overtime premium
and local purchase is at a higher price resulting in an increasc in the activity cost
from a ""normal cost of Rs,10,00,000 to a "crash” cost of Rg 12,00,000, Table 6.7
lists all the normal and crash times and costs for all fourteen activities of the new
product launch project.

From Table 6.7 we can casily see that the cost of the project will be Rs 46,98,000 if
all the activities are executed as per their "normal" durations, We know from the
earlier time analysis that the earliest project completion in such a case is in 26 weeks.
However, if the project has to be finished sooner then we have to crash some
activities. Let ug now determine an efficient method of crashing the project duration.
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Project Planning and Scheduling Table 6.7 Normsl and Crash Durations and Costs for New Froduct Launch Project

Jikte- Nerrsnarl Crersh Cowt |
Aeti- diaze Slope .
vity Prede- | Dur- cest - cost i
Code Acirvty Deseripiion cesfor | ation f5, ation R R
Aciivity | (Weeks) (000 (Weeks) OGOQ) | 700
Wiek ‘
A | Finalise package design = 2 4] Z L0 - ‘
B | Set up packaping equipment A 8 1000 t 1200 100 |
and procurs raw materials f
C | Praduce the first baich “ 12 720 Y 800 60 |
D | Package the first batch BGC | 4 | 35 | 3 50 | 15 |
E | Setup the sales office - 4 16 3 24 8
F | Recruit salesmen E 4 52 3 53 21 |
G | Train salesinen F G 108 ] 108 -
H | Select retailers E 3 144 & 152 4
1| Sell to retailers G, H 3 &l 3 a0 -
J | Resparch to retailers D, 1 5 45 4 72 | 27
K | Select advertising agency E 4 8 4 8
L | Plan advertisement campaign K 9 20 9 20 | -
i
M | Release pre-launch L ] 500 i 500 | -
advertisements
M | Conduet advertisement LM 4 2000 4 2000 -
Campaign i
! i
Total |' 4698 | 5167

If the project duration has to be reduced, then the length of the critical path has got to
be teduced. Obviously, there is no advantage in crashing a non-ctitical activity as that
would not reduce the length of the critical path. On the other hand, if any of the
critical activities is crashed, it would immediately result in a reduction in the length
of the critical path and consequently the project duration.
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Figors 6,25 Linear interpolation of Cost for A etivity C
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The quegtion then is, which critical activity should be crashed? The answer to this Planning Time Scale-
ghould be simple - the one which is the cheapest to crash i.e. where the increase in Network Analysia
cost is the minimum.
We assume that for activities whose duraticns could be crashed by 2 or more weeks,
partial crashing is also possible and the cost increase can be estimated by linear
interpolation of the activity cost curve as shown in Figure 6,25 for activity C. Thus, if
the activity C is crashed to 11 weeks, the activity cost would increase to Rs 780,000,
It is eagier to capture the same information through computation of the cost slope for
cach activity ag shown below:
Crash Cost - Normal Cost

Normal Duration - Crash Duration
The cost slope for each activity is also shown in Table 6.7 and it captures the increase
in activity cost per week of crashing. However, no activity can be crashed beyond its
crash duration which is an absolute minimum,
We know from Figure 6.9 that E, F, G, 1, J and N are six critical. activities. Of these
G, I and N cannot be crashed and E, F and J can each be crashed by one week only at
a cost of Rs. 8,000, Rs. 21,000 and Rs. 27,000 respectively. Hence the cheapest way
of reducing the project duration from 26 to 25 weeks is by crashing activity E to its
crash dutation of 3 weeks. The project cost would rise to (Re. 4698,000 + Rs. 8.000
i.e.) Rs. 4706,000.
If we want to reduce the project duration by one more week. we have to wagh some
critical activity again. However, now there are two critical paths viz, EFGIN and
CDJN and the project duration will reduce only if both the critical path lengths cen be
reduced. Of these critical activitics only F can be craghed by 1 weck at a cost of Rs.
21,000, I by 1 week at a cost of Rs. 27,000, C by 3 weeks at a cost of Rs, 60,000 per
week and D by 1 week at a cost of Rs, 15,000, One way of reducing the project
duration to 24 weeks is by crashing both D and F by 1 week each costing (Rs. 15,000
+Rs. 21,000 i.¢.) Rs. 36,000. The other way is by crashing J by 1| weck costing
onlyRs. 27,000. As J is an activity lying on both the critical paths - crashing it by 1
week will reduce the project duration by 1 week. This ig the cheapest way of
completing the project in 24 weeks and the project cost would rize to (Rs. 4706,000 +
Rs. 27,000 i.e.) Rs. 4733,000.
We still have only two critical paths - viz. EFGIIN and CDJN and the only critical
activities which can be crashed are - F which can be crashed by 1 week at a cost of
Rs. 21,000, C which can he crashed by 3 weeks at a cost of Rs. 60,000 per week and
D which can be craghed by 1 week at a cogt of Rs, 15,000. The only way in which the
project duration can be reduced from 24 to 23 weeka is by crashing both FF and D by
1 week each cosgting (Rs. 21,000 - Rs, 15,000 1.¢.) Rs. 36,000, The project cost will
now increase to (Rs. 4733,000 + Rs. 36,000 i.c.) Rs, 4769,000,
At this gtage no activity on the critical path EFGIIN can he crashed any further and
go it i3 no possible to reduce the project duration beyond 23 weeks. Although it is
possible to crash the project duration from 26 to 23 weeks, it may not be
economically justified. Suppose the economic benefit of launching the new prodnct
earlier is Rs. 30,000 per week of early launch. Then we will crash the project
duration by only 2 weeks as the incremental cost of crashing by one more week (i.e.
the third week) is Rs. 36,000 whereas the incremental benefit is only Rs. 30,000.
Some projects carry an incentive for early completion or a penalty for late completion
and these can also be treated in the game way for determining the optimum project
duration. The guiding principle in all crashing decigions is the same - the cost of
crashing by 1 week (or 1 month or any other period) goes on increasing with each
successive round of crashing and we should crash only as far as it is economically
beneficial and not beyond that.
6.6.5 Project Scheduling as an Iterative Process
As described in the previous sections, the steps involved in project planning and
gcheduling could be summatised as follows
« Establighing the Project goals and objectives
Defining the work - i.¢. breaking up the project into its constituent activitics
Estimating the activity duration and defining activity interdependencies
Carrying out time analysis of the project
Establishing the resoutce availability and requirements
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Developing a resource feasible schedule

Analysing activities to find feasibility of crashing

Cptimising the baseline plan and schedule

¢ Freezing the baseline plan and schedule

However, thig is not a gimple single-pass sequence of steps to be followed one after
the other. As the objective iz to get an optimized project schedule and baseline plan
gome of these steps may have to be repeated in an iterative way to get closer to the
baseline plan. After going through the time/cost trade off analysis once, one may
realise that it is better to Modify the resource allocated to a particular activity - say
from 10 to 8. With thiz change, resource scheduling may have to be repeated with
consequent changes in crashing of activities, Similarly, after one round one may
realise that the resources available to the project must be increased to complete the
project in time, This in tumn calls for another iteration, The final outcome after this
whole excrcise is a project schedule and baseline plan which is feasible, meets the
projects goals and has been optimised on cost. The baseline plan then becomes the
basic document against which the project progress is monitored and controlled.
Activity 5

Project delays can be very costly and can impact adversely on the fiscal health of the
company,. If we are engaged in crashing the overall projest duration because of its
high profitability, are there any other cost factors that must be taken into account?

6.7 SUMMARY

Project Scheduling is quite a complicated exercise - especially for large projects. In
this unit we have brought out the issues relevant to project scheduling and time
analyziz of projects and also tried to discuss some procedures for carrying out the
Same.

As projects are unique one-time endeavours having their own goals, we found that
project network diagrams could provide the basic framework to carry out time
analysis of projects. We described how project network diagrams could be drawn and
then used for time analysis of projects. We did this through AOA network diagrams
wherein activities are reprezented by arrows and events by small circles or nodes.
The time analysis could give ug Early Start and Barly Finish times of different
activities during the forwarded pass and Late Finish and Late Start times during the
backward pass. We used these to define total slack, free slack and independent slack
of different activities. We interpreted those activities having no totsl slack as critical
activitics as any delay in their execution would be immediately reflected in project
delay and the path (or paths) formed by joining the critical activities together on the
network diagram as the critical path. Finally, we combined the project network
diagram and the time analysis results to draw the time-scaled network of projects -
which can visually deficit both the activity interdependencies and their durations and
slacks.

We then took a look at those activities having a high degree of uncertainty in their
estimated durations and discussed the role of three time estimates - viz. optimistic
time, pessimistic time and mugt likely time in capturing this uncertainty

We used the three time estimated optimist compute activity expected durstion and
variance and then using the central limit theorem the project expected duration and
variance, This information, once generated, can be used to answer question regarding
the probability of completion of the project in a given amount of time,

We also introduced AON (Activity on Node) network diagrams in which activities
are, represented as modes and there is never a need to use dummy activities.
Precedence Network (PN) diagrams are then introduced and these network diagrams
allow us to represent dependency relationships between a pair of activities other than
the Finish - to Start (FS) which is used in AOA and AON networks. In PN networles,
we discussed how to use Start-to-Start (88), Finish-to-Finish (FF) and also the less
commonly uged Start-to-Finigh (SF)
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relationships. Each of these precedence relationships can also have their respective Planning Time Scale-
Iag times Network Analysia

Time analysis alone does not give us a feasible schedule as we have not get ensured
that resoutrces requited for different activities will actually be made available. This is
done in resource scheduling where we first identify resource conflicts and then try to
remove the same through the use of heuristics. We showed the use of one simple
heuristic which worked well with a resource availability of 8 men but did not work
well when the resource availability was changed to 6 men. Thie is true of all
heuristics including the ones used in computer packages to remove conflicts,

We also analysed time/cost trade off in project scheduling. We found that the
estimated duration of some activities can be crashed (i.e. reduced) from their normal
durations. This can he achieved only by incurring a higher cost on the activity ¢.g. on
overtime, local purchase, changed methods or procedures, etc. Praject crashing can
be used in situations where the incremental benefit for crashing is more than the
incremental cost of craghing. It is true that the preater the crashing, the higher the
incremental crashing per period and so beyond a point it may not be economical to
resort to crashing.

The various gteps involved in project scheduling may have to be used more than once
in an iterative manner to get the project schedule which uses the right amount of
resources. is cstimated to be completed at the right time and at an optimized cost.
Such a schedule called the baseline schedule is used for monitoring and control of the
project.

6.8 SELF-ASSESSMENT EXERCISES

1. Compare and Activity-on-Atrow (AOA) schools with Activity-on-Node
(AON) networks and justify why AQA networks are preferred internationally.

2.  Time-scaled networks are significant improvements over traditional networks
and bar chatts and their usage will grow in the next century.' Justify with
examples of their advantages.

3. W hat is the concept of "Free Float" (Primary slackness) and "Total Float’
(secondary slackness)? Bring out their significance in project management.

4, A network comprises of the following activities:

Activity Dyration (Weeks) Activity Duration (Weeks)
1-2 ] 2-7 4
1-4 6 5-7 Dummy
1-3 2 4-8 6
3-5 4 68 8
2-4 Dummy 7-8 8
5-6 2

(a) Draw an AOA network

(b} Compute forward pass calculations (Barliest possible occurrences of
nodes), Backward Pass calculations (Latest possible) occurrences of
nodeg); Free Float, Total Float of all activities and determine the critical
path. Mark the critical path in the network.

(¢) Prepare a time-scaled network and mark the ¢ritical path in the network,

5.  Draw an ADA network of the following activities:

Activity Precedes Duration (days)

Start A D 2
Start B E.H 3
Start C F,K 4

D G 7

E G 6

F E.H 5
Finish G - 8

H - 9

K - 10
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Project Planning and Scheduling (a) Carry out all the calculations on the network, determine and mark the
critical path. What is the total project duration?
(b) Calculate the amount by which the duration of activity ‘A’ may increase
without changing the total project duration.
(c) Draw the time-scale network and reconfirm the answer to (b) above.

6. A network hag following activities their normal duration and costs as well as
their minimal (crash) duration and costs are also indicated in the tabulation

below:
Job Predecessor Normal Minimal (ciash)
Time Cost Time Cost
{derys) {Rs.) (days) (Rs.)
A 5 10 5,000 19 5000
B A 8 4,000 3 4,000
C A 8 4,500 8 4,500
D C 4 6,000 4 2,000
E B 7 5,500 5 6,500
F B g 3,730 4 13,750
G D g 2,000 I 4 B0
H E.FG 15 6,500 12 14,900
1 H 10 5,000 10 3,000

(a) Draw the time-scales network.
(b) For the activities and their comresponding time and cost information,
determine how and at what additional cost; a deadline of completing the

project in 48 days can be met.
7. A project comprising of eight tasks (A to H) has the following characteristics:
Taskr Preceding Time Duration in Weeks
Tasks Opiimistic Maost Likely Pessirtistic

A fone 2 4 12

B None 10 12 6

C A B g 10

D A 10 15 20

E A & 1.5 11

F BC 9 8 9

G D 3 3.5 4

H EFG 5 35 3

(a) Draw an AOA network. Catry out all the calculations, determine the
critical path and mark it in the network. What is the total project duration.
() What is the probability of achieving the project within the deadline of 30
weeks?
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UNIT7 MATERIALS AND EQUIPMENT

Objectives

Perural of this unit will enhance your

s understanding of the key role of materials and equipment in project management

= appreciation that projects, in essence, entail designing and indenting materials,
otdering and expediting materials and transporting and erecting materials

= comprechension of prioritising sequencing of materials and equipment in such a
manner a8 would facilitate their arrival at site in the sequence of erection

+ clarity of basic concepts in effective materials management for ensuring timely
delivery without compromising on quality and at reasonable prices

s capability for laying sound foundations for proactive vendor and contractor
management, the two badly neglected parts of project management

Structure

7.1 Introduction

7.2 Importance of Materials and Equipment

73 Network-baged Materiale Management

74 Sectionalising Planning of Materials

75 Longest Delivery Item and Project Duration
7.6 Beating the Critical Path

7.7 Combating Inflation

7.8 Construction Equipment and Materials

7.9 BSupperting Services for Construction Equipment acid Materials
7.10 Summary

7.11 Self-Assessment Exercizses

7.11 Bibliography and Purther Reading

7.1 INTRODUCTION

Project management entails derigning, ordering, expediting, inspection,
transportation of materials and equipment in an orderly sequence and then erecting
them in different geographical locations and commissioning them into viable
operating plants A large project, in totality, may appear to he very gigantic and
complicated. Management of projects by network analysis provides an integrated
technique of planning and control by breaking the entire project into various
packages (systems) which are further blown into various fimetional components like
mechanical, piping, civil, structural, electtical, instrument, etc. Each of thege
Tunctions is further divided into design and indenting, ordering and payment,
expediting and inspection, transportation and storage, erection and commissioning.

7.2 IMPORTANCE OF PLANNING FOR MATERIALS
AND EQUIPMENT:

Procurement of matetials and equipment spans acrogs 80-85 per cent of the overall
project duration. If we carry out delay-analysis of projects in India, late delivery of
materials and equipment would emerge as the most immportant factor contributing to
delays in project implementation, If we akim, through the annual reports of
cotporations implementing major projects, unforeseen delays (?) by vendors come in
as a convenient alibi for all acts of omission and commission by the project
TNANagers.
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The scenario in India is further complicated by the fact that most vendors overtrade
themselves and book orders much beyond their capacity and capability Project
managers have to act proactively and anticipate problem areas and anticipate
problems with contracts and supplies tight at the stage of awarding contracts and/or
placing supply orders.

Besides, suppliers of speciality equipment have also a significant role to play in
furnishing relevant data on loading, foundations, height, location of incoming power
supply etc. without which design of civil and rtructural works, piping, electrical and
instruments cannot be finalized nor bagic documents like detailed layout drawings
can be frozen. Supplies of high-technology equipment are also involved in erection,
testing and commisgioning of these equipment and their synchronizsed performance
can make a major impact on the timely completion of the project.

7.3 NETWORK-BASED MATERIAL MANAGEMENT

Project management encompasses degigning and indenting of materials, ordering and
expediting them and then transporting these materials to the construction gite and
erecting them in respective geographical locations. Management of projects through
network analysis incotporates a systematic and comprehensive approach to materialg
management. E'fective materials management ensures right materials, in the right
quantity at the right time, at the right place and at the right price.

Network analyzis of projects leads to prioritisation of all activities such that work on
the longest delivery items-is started first, followed by not-so-long delivery items,
followed by medium delivery items and ultimately followed by short delivery items
and so on. For any functional area slso, schedule, blown up item-wise. is as shown
below:

0 | 2 3 4 5 & 7 B8 g 10 11 2 13
T Mo K. N SO SO SISO ORI NOWY »wfww\,
Iesin 131 S e e S R SO SUOVRTO NS, N mme b AANAAAAA
Item 153 RS [ — R S U RPN (R I e o
ftem 122 I S | ___al & ... o A §
Item 133 _ i s e e e A ARAAR,
ltem 162 Slvandisag 5 R e : 'wwu ; :
(- \AARA A Y
[nstallation g-—-—-’u—-— ---------- - [ PO -5 ﬁ
" |
Legends are :
_____ _o Design & Indenting N Shipment to sits
# Enquiry & Qrder e Temporary Works
Dhalivery ox-works 1 Site-Febrication
. Focction

Figure 1:

In engincering and technical projects, management of materials forms the kemel of
entire project management. The materials must be designed in the right sequence,
ordered, expedited and delivered to site in the sequence of their erection such that the
buildings and structures are constmcted and otherwise made ready so that the
equipment can be erected directly on the designated locations without prolonged
storage and rehandling at construction sites,
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Projoet Planning snd Scheduling

Networks also provide a detailed basis for interaction among vendors and purchasers
and contractors and clients. Close and intimate networking with vendors forms the
gine qua non in projects - 2 large number of them are dependent upon purchaser for
receiving information for “completing their regpective designg and gpecifications.
Equally a number of suppliers specially for specialized and proprietary equipment
have to be funished design data for proceeding with various components of the
project. In addition, suppliers of specialised machinery should also provide the
manuals for erection, teating, commissioning, operation and maintenance of their
equipment so that purchaser is able to take timely action for their detailed planning
and exccution.

7.4 SECTIONALISING PLANNING OF MATERIALS

Projects comprise of various types of hardware. For the ease of planning and
scheduling, the entire project can be divided into several sectional components ag
below:
Designing, crdering, expediting and construction of —

{8) civil works

(b) structural works

(¢) mechanical works

(d) piping works

(e) electrical works

(f) instrumentation works etc.
This can be schematically show as below:

Designing Procure- Congstruction/

Indent ment Erection
CIVIL -
PROJECT
CIVIL STRUCTURAL >
STRUCTURAL
/ MECHANICAL >
MECHAMNICAL \..
— / PPIPING " \ PLANT
.
ELECTRICAL
™ ELECTRICAL = \.
INSTRUMENTS \ I
 INSTRUMENTS >
OTHERS \ i !
COTHERS s /

Figure 7.2
‘While doing this, projects can also be further classified geographical area wise on the
following lines
Within Battery Limits
Battery Limits refers to the main plant and equipment and may comprige of-
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{a) Plant I (or Main Building I}

{b) Plant I (or Main Building IT)
Qutyide Baitery Limits
These may he further grouped into -
a)  Process Utilities such as
Raw Water including intake water works from canal, river ete. or tubewells
Filtration Plant
Cooling Towers
Chilled Water
Distilled Water
Boilers and Steam Pipelines
Fuel Oil Byztemn
Petrol, Oil, Lubricants etec.
. Incoming Power Supply and Distribution
10. Power Substations and Switch Rooms
11. Raw Matenial Storages of various kinds
12. Packaging Material Storage
13. Stores for Maintenance and Spare Parts
14. Specialised Stress within Production Department
15. Storage of Safety Equipment
16. Storage of Dresses and Uniforms
17. Storage of Stationery
18. Storage for Laboratory Chemicels
19. Finished Product Warehouse
20. Workshops for Civil, Mechanical. Electrical and Instruments
21. Laboratories for Testing Raw Materials. in-gtage production materials,
packaging materials and finished products
Fire Fighting System including Fire Engine/Tender
Inward Material receiving bay and area
. Outward despatch bay and shipping area
(b) Amenities such as
Cffice Building
Training Centre
Security Office at the entrance gates for materials, workmen. st'f etc.
Time Office
Change Rooms. Washrooms, Lockers, Toilets ete.
Canteens and Rest Rooms
Roads, Culverts and Drainsg

8. Street Lighting ete.

All main plants process utilities, amenitier etc. are inter - connected through service
pipelines, power-cables ete. Proper well defined cut-off lines rmest he decided before
hand so that responsibilities of individual persons get defined without any gaps and

overlaps,

Each of the process utility or amenity may have all or few of the above six
compenents. For example, project management responsibility of a general purpose
office building or store may vest in a member of civil engineering group who would
in turn have to seck assistance from other disciplines like electrical engineering for
power/electrification works within the proposed office, stores etc. Similarly, for
office equipment, firniture, instruments etc_, help of rpecialist functions as
appropriate may be sought,

Mo 0O ol G Lo RS e

RGBS

bl -l - ol
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Activity 1

If we are using computerised methods of project management: what is the
justification of providing a facility in the software which would enable listing of
activities separately for each section or function?

7.5 LONGEST DELIVERY ITEM AND PROJECT
DURATION

Procurement of materials and equipment spans accounts for upto 85% of the overall
project duration. Their proper planning and scheduling assumes greater importance,
It is perhaps easy to comprehend that the overall project duration is dependent upon
the longest delivery item(s) of materials and cquipment. An approximate method of
arriving at the overall project duration is as below:

T  =A+L+B-

Overall
Where A =Minimum time required to design, indent and order the longest delivery
item
L = Longest delivery period
B = Minimum time required for the longest delivery item to be erected and
commissioned
Thig can be illustrated as below:
* |
:Fe‘.lﬂmtpﬂi"ﬂ]r ....... T s AR A
tems :
Motsolomg | —-—-—- o P SO 10 1 '
debivery ibems O
Ml eaditirn e e e M s s e s e A :
Delivery items i
Shortdelivery | ammmmmmmemermnmen R e 1"
IEms a
Shorer dlivry SOV UV - (R SOOI 1.V |
Installstion P i+ o N — (R,
< A L k NP
Drwerall Project Duration !
Figore 7.3

7.6 BEATING THE CRITICAL PATH

Projects do not sprout from nowhere - there iz a phase of project conception,
formulation, evaluation ete. During this period project contours are conretised and
'vision' is converted into mission'. During this phase, usually core equipment which
are also normally among the longest delivery items get defined. Thege long-delivery
group of items stand out like a tomb stone’ M the network and all large organisations
who have developed some maturity and capability in project implementation, seek
out ways and means of beating the critical path. The possible courses of action are :
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(i) [fthe company is certain of going ahead with the project, it can seek advance
financial sanction of limited amount of funds for placing orders covering
longest delivery items. The damage may be limited to the advance payments
made and/or additional commitments as per the terms of contract.

(ii) The company could proceed and obtain quotations. negotiate prices and other
terms and conditions and should be ready to place the order the moment the
financial sanction is received.

Large companies and multinational corporations have more options and these can be

exercised for containing overall project duration.

7.7 COMBATING INFLATION

In most economies of the world, Inflation works out to be a significant factor; India is
1o exception, Materials constitute 65mB0% of the total project costs and although
project costs estimates provide for inflationary trends in economy in the form of
contingencies, currency fluctuations ete., project management is a time-framed
activity

Other factors remaining game, a common index of measuring progress of project
implementations is the 'specd at which we can commit and spend the sanctioned
amount'. Thig is a very commonly accepted parameter of describing the capacity and
capability of a project organisation. Once again, this brings inte focus the importance
of materials and equipment in project management.

Besides, by awarding contracts for supplies and services, we are sble to combat the
cffect of inflation. After the project is financially sanctioned, the speed with which
we can commit the materials, equipment and services covering the entire scope of the
project will not only enable us to contain the impact of inflation on project costz hut
also achieve timely deliveries of equipment and consequently for the projectas a
whole.

7.8 CONSTRUCTION EQUIPMENT AND MATERIALS

In addition to direct materials like plant and machinery for the projects, we also
require construction machinery and materials to aid and speed up construction. With
the advancement m construction technology the number and array of materials, tocls
and tackles and equipment required during construction have increased greatly. The
availability of tools and tackles and resource equipment, which are highly
mechanized, has enhanced the quality and delivery of the construction phase with
consequent reduction of costs of construction.

Thanks to the protective regime of our economy for the last lour decades, India has
lagged behind in the construction technology. With the current trend of liberalisation
of economy next few years will witness major strides in technology transfers and
their abserption in construction.

By international standards, we take far too long time in executing projects despite the
fact that we have also completed some projects in time periods we can be rightly
proud of. For example, a flyover over the busy Kemp's Comer at Bombay was
completed in gixties in seven months whereas similar project, thirty yeats later are
taking two to three years, if not longer. Similarly, although Kudremukh Iron Ore
project was completed in time period comparable with the world standard, we have
taken a very long time in executing Vizag Steel Flant.

With the increasing use of expensive construction machinery we have to work out
detailed planning and scheduling of construction is such a manner as would require
these machines for short durations at one construction site. Pressures of competition
ariging from liberalisation, privatisation and globalisation will lead to drastic
reduction in project durations.

Constructions scheduler will have to be worked out in greater details g0 as to
optimige the engagement of expensive construction machines and equipment for
minimyum periods for maximum output by working them for longer hours Or round
the clock. Periods of engagement of thege machinery would require computing on per
diem basis to minimise heavy cost debits and remain competitive.

The immense advantage Japaneze car manufacturers have gained by reducing the
launching
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period of new car model to 16 to 18 months in comparison to American car
manufacturers' 30 to 36 months is worthy of emulation. Speedier implementation of
projects can propell 8 company to that winning advantage. Planning, scheduling and
deployment of construction machinery and materials play a vital role in this.

7.9 SUPPORTING SERVICE FOR CONSTRUCTION
MATERIALS AND EQUIPMENT

Most large projects are located in remote areas requiring special efforts in reaching
and servicing construction materials and equipment. Unfortunately, owing to
protected and restrictive environments, supporting logistic and financial services
have not grown at the tate they should have. With further liberalisation of economy, a
large number of specialist agencies are expected to start operating in the following
areas of concern to project and construction management:

(i) Lease financing of construction machinery for the period of construction only
(ii) Renting of construction machinery

(iii) Maintenance and servicing of construction machinery.

Besides, with heavy investment in infrastructure sector like roadways, railways,
telecommunication and related facilities, access and reach to various nooks and
corners of the country is expected to improve which in turn will give boost to the
logistics and other supporting services for construction projects.

Besides, we have to develop suitable framework for buying old construction
machinery reconditioning and retrofitting for hiring/leasing out to companies who
need these services.

India would require massive investment in supporting lo®istic activities before it can
develop capabilities of quality, cost and timely deliveries of international standard.
Activity 2

Speeding up project implementation is a prerequirite for entry into global project
management. Explain with justifications.

7.10 SUMMARY

Materials and equipment play important role in project management, because the
procurement of these requires 80-83 per cent of the overall project duration.
Management of projects through network analysis incorporates a systematic and
compresive approach to materials management. Effective material management
ensures tight materialg, in the right of quantity at the right time, at the right place and
at the right price.

The overall project duration is dependent upon the congest delivery items of
materials and equipments. Hence possible courses of actions are to be followed in
beating the critical path. Construction schedules shall have to he worked out in
greater details so as to optimize the engagement of expensive construction machines
and materials,

7.11 SELF-ASSESSMENT EXERCISES

1. "Management of materials and equipment forms the core of project management.”
Support your views giving supporting evidence,

2. How docg management of projects with the aid of network analyzis helps design
and procurement of materials and equipment in line with the priorities?

3. Is there any quick method of estimating the overall duration of a project? Explain
the process with suitable justifications.
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4, "Meticulous Management of activities on the critical path is crucial to completing

5.

projects on time." How can we 'beat' the critical path and improve our on-time
performance?

What do we need to do in India in order to speed up the projects and shorter
overall durations?
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UNIT8 HUMAN RESOURCES

Objectives

Study of this unit would enable you te;
» understand the importance of goals and objectives in projects

s comprehend human aspects of project planning and scheduling

» appreciate role of human resources in developing consensus and shared vision
while evolving project schedules

s  highlight eritical aspects of human beings as 4 resource

+ leam methods of leveling and allocating resources for effective project
management

s harness potentials of human resources for accomplishing project goals
Structure

8.1 Introduction

8.2 Project Goals

B3 Project Planning

8.4 Project Scheduling

8.5 Human Beings as a Resource

8.6 Balancing Human Resources

8.7 Types of Problems in Balancing Human Resources
88 Conceptual Regource Levelling

8.9 Methods of Resource Profile

8.10 Methods of Resource Allocation

8.11 Hamnessing Potential of Human Resources

8.12 Summary
8.13 Sell-Asgessment Exerciges

8.14 Bibliography and Further Readings

8.1 INTRODUCTION

Project Planning and Scheduling bridges the gap between 'where we are at present' to
'where we wish to go over a period of time'. Planning aims at consciously
determining the coutses of action for achieving the ultimate goal. Unless we plan, we
are leaving too mmch to chance. It iz always difficult to predict future precisely and
factors beyond human control may interfere with the most well-thought plans.

Planning is defined as a detgiled method, forrmlated before hand. of making or doing
something. It concerns with the selection of goals and missions and then developing
detailed action plans for their accomplishment.

8.2 PROJECT GOALS

Starting point of Project Planning and Scheduling is determining and defining the
very purpose and objectives of the project, called Project Goals', Clearer we are of
the goals, easier it would be to draw up the action plan. These goals should he as
focused as the goal-post of the football field. Tt is advisable to put it in writing, While
writing the goals: we must take into account the needs and wants of the customer or
the end-user. Evervbody hag a customer, internal or extemnal and his views must be

sought and incorporated into the project goals.
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These project goals should not only be circulated to members of project team but Human Resources
should algo he discussed with them to bring out their full implications. Evetyone on

the project should be able to comment on the project and contribute to its fuller

understanding. It would ingtill in thern a sense of ownership and creation of shared

vision leading to their increased involvement and commitment.

83 PROJECT PLANNING

General Eisenhower had said, "Plans are nothing: planning is everything'. Developing
a detailed method to be followed during implementation is a strategy. Although each
project iz unique for its one time timeness, the experience and process of
management tends to repeat.

a) Drawing a Network

Networldng is an exercise in *simulation’ - mocking up real life situation - it is
described as "building the complete project from start to finish albeit on a piece of
papet. This exercize can be both educative and revealing, It is educative as it tells
members how the work of other functional departments will be carried and it is
revealing as one leams of the intimate of contours of the project. The detailed
network analysis brings out its high and low points, its special features and areas of
darkness/ignorance which are the breeding ground for unforeseen happenings on the
project. If thege arcas can be spotted at the initial stage, it gives early advantage in
identifying problems. After all problems are selutions in disguise and earlier we start
solving them, better placed we would be.,

At any tate project personnel become aware of the grey areas of uncertainties. Even

alternative strategies can be thought of and agreed upon well before the happening,.
Thig can minimize the impact of unforeseen happenings on the project parameters.

Frequent and close interactions amongst team members at the initial stages of the
praject prmably to fieeze the project scheduls is very rewarding - it not only
improves everyones knowledge of the project but also enhances understanding
among team members. These interactions for planning lay the foundation for
developing “anticipation' of team members. Anticipation is considered to be the
"winning streak of all work teams. Imagine the frustration of the football payer who,
after dribbling the ball for a while, kicks it to the left and the team-mate iz not therel
Similarly team members become of aware when to expect input data from other
departments and sections and when they have to pass their data etc. on and formats
thereof.

b) Estimating Time Durations

Most mature project organisations would have compiled performance data on the past
prajects which can be used for planning and scheduling new projects. However, a
number of projects desl with new or developing technologies or new locations and
environments for which sufficient data from the previous projecits may not be
available, In all events, projects planners must consult all the specialist departments
and seek their expertise and uge their inputs. This ritual of meeting concerned people
from all functions must be followed rigorously so that none feels left cut. Time it will
take to complate their component of the 'deliverable’ iz one aspect on which everyone
can advise.

These discussions help a great deal in predicting and providing for unforeseen
happenings and building them into project schedule to make it more realistic. During
there discussions, we can discern possible arcas of conflict among departments and
individuals. Following this sirategy project planners play a major role in reconciling
conflicting requirements and arriving at a consensus. Schedules agreed after some
debate and deliberations lead to deeper involvement and higher commitment, A
committed persen is 4 fountain head of immeasurable amount of encrpy and we can
being to tap this vast reservoir

34 PROJECT SCHEDULING

When time durations are incorporated into networks and analysed, we obtain project
schedules which represent the consensus of the team in a spirit of give and take,
Theze agreed schedules should then become misgion for all team members who
would work towards achieving the same effectively, efficiently and enthusiatically.
Once the project schedule has been accepted,
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Project Plaming and Scheduling

we should refrain from commenting upon it as that undermines the mission. Agreed
schedules are *taken ag a religion - you are botn into it and you do net question it.
Agreed schedules help to orchestrate different notes in harmony which creates
symphony. Teaming together for a mizsion works; it not only is more enjoyable but it
also improves implementahility and achievability. Team effort leads to quicker and
better results which also last longer.

8.5 HUMAN BEINGS AS A RESOURCE

Human beings have often been bracketed with other resources like materials,
machines and money. This is rather misplaced because the real job of a manager is to
manage people and n6t machines and processes which can only be operated and not
managed.

When networks were invented in late 503, they were called 'activity networks, In 60s
and 70z these were described as 'communication networks' ag arrows represented
flow of information. These days arrow diagrams are described as networks of human
beings who ate senders and receivers of communication and form the most critical
link in the chain, Management of human beings is not one chapter of the book of
management, it is the entire book of management. It i inappropriate to deem human
beings ag one of the many resources available; it is the most critical element. They

are the ultimate resources and most resourceful of all the resources.

Human beings are different from other living beings - they have a head that thinks
and a heart that beats. It is important that the work in hand should be 5o organised
that it not only appeals to the head but also tickets the heart. Commitment and
excitement would ensure and the targets would he achieved automatically. Dr T
Ishakawa, the famons management pioneer of Japan hag said that it ig the
‘humanware', in sharp contrast to "hardware' and 'software’, who would be the key
determinant for achieving excellence - they decide the aroma, taste and flavour of the
organisation. This regources has to be nurtured with care so that it blossoms forth and
attaing its full potential.

Humamn beings form gix different units in an enterprise - individual employees, jobs
and roles, dyads and groups, cohesive teams, co-operation amongst teams for
common objectives and organisation. Challenge before the management is to increase
the effectivencss and potential of &ll the six units.

8.6 UTILIZING HUMAN RESOURCES

Resgources have to be utilized optimal in line with the requiremenis of project
schedule. This implies optimisation of resources of individual disciplines. For
example, if we look at the requirements of resources of civil design, we are
essentially examining one craft. Since each project menager negotiates and settles
with the specialist departments the schedule of 'deliverables’ on his project only,
exercise boils down to resource utilization of single craft only although a®gregation of
resource requirement will emanate from multi-project situation. This is typical of all
specialist functions in the central project office, viz., parsonnel for civil structural,
mechanical, piping, electrical, instrument degign «tc. and for procurement,
progressing, inspection, project planning, cost monitoting etc.

At construction sites, utilization of resources Pertains to work assigned to different
conftactors and specialist agencies. However within the scope of an individual
contractor more than one gkill or craft may become critical owing to constraints on
their availability.

Cash Inflow Problem to Site

One common constraint with construction representatives at site of contracting
companier is the inadequate or non-uniferm flow of funde from their central offices.
We must examing such problems indepth and provide suitable safeguards in
contracts: If such problems ate not resolved in time, they can snowball into bigger
ones with consequent delays in project ' completion.



8.7 TYPES OF PROBLEMS IN BALANCING HUMAN
RESOURCES

While drawing up project schedules through network analysis, we assume that enly
constraint in scheduling an activity is technological in nature. If we are able to start
an activity immediately after all the technological requiremenis have been met, we
call it Earliest Start Time (EST) Schedule. Similarly working backwards in the
network, if we provide for technological requirements of successor activities, we can
atrive at latest Start or Finish Time (LST) Schedule. But implication, it means a
number of other possible combinations lie in between EST and LST Schedules.
However, Resource Scheduling or projects should not only be possible but also
realistic and reliable. There are two broad categories of resource balancing problems
as below:

a) Resource Levelling

Although while drawing up EST Schedules, we assume that all skills are available in
abundance and can be made available at short notice, yet we have to balance the level
of engagement of these resources individually and collectively, It is neither practical
nor economical to manage fluctuating levels of resources. Methods of "Resource
Levelling' aim to reduce the peak requirements and smooth cut period to peried
asgignment without prolonging overall project duration.

b) Resonrce Allocation

In some cases there may be sevete constraint on the availability of a particular skill
We endeavour to allocate these resources such that its impact on the overall project
duration ig minimum. It is evident that if any critical skill or craft is in short supply
project duration will increase.

8.8 IDEAL RESOURCES PROFILE

Project Schedules are initially prepared on the simplifying assumption that human
resources will be available as and when required. It is seldom possible to acquire and
release resources in any desired amount even if we are willing to pay the expenzes
involved in frequent changes in levelr of engagement viz., cost of hiring, training,
unemployment wages etc, It is, therefore, advisable to maintain stable employment
and utilize huyman regources at a more constant rate. The ideal profile of resource
utilization is as shown below:

* | ovel

= TIME

Since engagement and release of manpower has to be in concrete stepg, the profile
may be modified as shown:

—+ 1 evel
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|_ ENGACEMENT RELEASE / j

e TIME
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Project Plaming and Scheduling In projects extending over longer duration, there may be two or more stable levels of
engagement of as in Figure:

- BELEASE
= 1
e |
_l
TIME
89 METHODS OF RESOURCE LEVELLING
Various methods are:

a) Trial and Error Method

EST Schedule is drawn in the form of “squared network’ and resource gcheduling iz
aggregated for different time periods and plotted graphically as shown :

Bam e

Activities are moved forward or backward on the time scale to obtain more stable
level of engagement of individual skills and alzo collectively. This may involve
withdrawing resources from activities with “free floats' and prolenging their durations
or canabilising a part of “total float to arrive at constant or nearly constant rate of

engagement.
Example
The schedule is drawn in the squared network format ag floats can be clearly shown
as below:
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Aggrepation of resource requirement for different time intervals is also tabulated -
starting with 12 persons in the first two days, it increases to 14 on the third and fourth
day and then falls to 6 on the fifth day and two on gixth and seventh day. Thereafter,
we require one person from eighth to eleventh day.

Overall requirement is 66 mandayz over a period of 11 days which is equivalent to 6
persons working for 11 days.

Various steps and corresponding resource requirement ig shown below for
progressive changes in the schedule ;
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In thig case, it is possible to work out a achedule requiring 5 persons for 11 days ata
congtant rate.

b) Trigger Level Method

In this method, approach is to emooth the peak requirement of resources by deferring
‘slack’ jobs beyond the period of peak requirements. Also called the mubltiship-
multishop method, this was first invented in a naval shipyard.

The EST zchedule is converted into manpower loading chart showing day to day
requirement for eack department. Trigger level is set one unit below the peak
requirement and slack jobs rescheduled beyond the peak period so that peak
requirement does not exceed the trigger level.

Once again the trigger level is fixed just one unit below and the entire process
repeated several times until the resources are balanced. This way the schedule moves

progressively towarde an iden] resource profile as shown :
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Project Plaming and Scheduling

The process for levelling being iterative, it has been computerised with a few simple
decigion rules viz. jobs are defetred in the descending order of slackness. Some
computer programs reschedule jobs with low value of slack first - this is logical
because» critical jobs (having no slack) should be rescheduled before other jobs.

Test Check for determining optimality of solutions

Whatever be the method used in resource levelling, ‘principle of least sum of squares'
can be applied as a test check to ensure if the new schedule i more optimal than the
previous one. For example, various sta®es in the *Trial & Error' method can be test
checked ag below:

r 5 oM E ! N T E B N A L
51 Schedules J a2 3 4 5 & & 8 g 10 11 Toial
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Scliedule
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It is apparent from the above that Infermediate Schedule is more optimal than the
Initial one as the Sum of Squares iz 412 against 728. Similarly final achedule with a
Sun of Squares of 396 is more optimal than the Intermediate one having a Sun of
Squares of 412,

¢) Comprehensive Method

Computer Programs ate now available for solving resource levelling problems in a
systematic, iterative and comprehensive manner. We start with the EST Schedule,
work out the Resource loading chart for the initial schedule and computes the
corresponding Sun of Squares.

As the next step, we utilize all the free floats of the activities starting with the activity
with the longest free float. For each progressive schedule, we compute the Sum of
Squares and compare it with the Sum of Squares of the Initial/Previous gchedule to
ensure we are moving in the right direction.

In the following step, we keep the critical path unaltered and choose last but one
activity having some total float (last activity will always be a critical activity and will
not have any float) and reschedule this activity by one unit of time at a time towards
right i.e., forward - this may result in 8 number of interlinked activities getting
regcheduled. In the event of any conflict in the selection of activity, one with higher
total float will be taken up first for reacheduling to the right. For each porgible
solution. Sum of Scquares is calculated and compared with the previous one until the
next Sum of Squares is higher that the previous one, The optimal resource levelling
solution is thus reached.

Activity 1

In most projects in India, we make use of only resources levelling methods, why?

8.10 METHODS OF RESOURCE ALLOCATION

Sometimes the constraint on availahility of some skills eould be more severe which
may imply that the project duration may have to be prolonged. Project Managers
have to arrive at a sohution which would minimize the impact of very limited
availability of that skill on the project duration. Various methods for resource
allocation ave:
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a) Progressive Scheduling Method Human Regources
Alzo called scheduling by the day, it follows the principle that activity with lower
slack ir scheduled first. This is logical &g the critical activities with zero slack should
be taken up for implementation first,

If at any stage, a critical job cannot be taken up for want of scarce resource, the
duration will inctease. This may lead to fresh selection for rescheduling as increase in
project duration will also change the quantum of slack for balance activities.

b) Analogue Method

When techmiques of CPM/PERT were rechristened as Network Analysis, it had upset
the phyzicists and electrical engineers who have been solving problems in electrical
networks for a long time. The gearch for finding suitable methods for resoutce
allocation has led to identification of electrical networks resembling human networks
of project management. Having established analogue electrical network, it is then
solved as & problem in electrical engineering. After obtaining the solution, electrical
parameters are translated back into project variables as below:

Work content of activities Power

Resources Current

Time Potential

Duration - Potential Difference

Rate of consumption of rescurces Conductance i.e, inverse of resistance

For different rates of consumption or engagement of resources, we can determine the

project durations and then choose the one most appropriate to our capability of

mobilizing regources.

¢) Linear Programming or Integer Programming

Lineat programming (LP) models can also be used for solving resoutce allocation

problems of project management. The objective function is the minimization of

project duration which is subject to the following constraints:

i) Requirements of scarce resources will be limited to their availability during that
time period.

ii) No job can start until itz predecessor jobs are fully complete

iii) No job can be split once it has been started

iv) Project duration shall be in whole mumbers or integers

v) Regource requirement of different project durations ghall alse be in whole
numbers or integers

Since constraints under iv) and v) are in addition to the normal constraints of LP

Models, these are also called Integer Programming Models. They permit solution

only in integers or whole numbers.

Unfortunately, even for 2 medium size projects. number of constraints tend to be very

large - precedence and splitting constraints add greatly to their number. As a result,

most problems become rather large and are often beyond the capacity of computers.

Although congiderable development work has been done in this area and it has given

a lot of insight into problems of resource allocation, thege have not invoked that

much interest from the operating project personnel.

AT

SMOOTH FROFILE OF
RESOURCE REQU [REMENTS:

RESOURCES

o v

TIME
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Project Plamming and Scheduling d) Profile Function
Studiea conducted over a large number of projects reveal that, resources, in particular
the manpower is built rapidly to the peak level and thereafter it tapers off gradually
zero a8 shown:

An IBM executive, Norden, fitted a curve to thig profile which resembles a bell-
mouthed curve of normal distribution, askewed somewhat to the left. Mathematical
expression for the bell-mouthed curve of normal distribution is

1 ¢

T
Comespondingly, Norden's profile function iz expressed as below:

:,r=lsc.a.t.e""z

y = No. of member at any time 't
where, k = Total work content of the project

a = A factor called the *Urgeney Factor

¢ = Base of Natyral Logrithms (value = 2,1718)
If the client wants the project completion on priotity we have to quickly build
resources to peak level "L1' in time “t1' as shown in Case 1 below. However, when
the customer is not so demanding, we build to a lower peak 'L2' at a time period 12

which ig lower than in the Case 1. Although the work content is same, the completion
time also increases from 'T1° to "T2".

i ——— —
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In Norden's Function, the two cases are distinguished by the value of Urgency Factor "s' -
its value may be higher in Case 1 (a = 0.056) as against Case 2 (a = 0.014)

This function has been found to be very useful for companies offering package systems
like computers, refrigeration, ait-conditioning, furnace ete. or utilities like water
treatment, cooling towers, filtration plants, effluent treatment plants etc. In these systems,
size and specifications may vary but the configuration remains broadly the same. Setting
up these systemns are essentially repeat experience and it should be possible to fita
suitable profile function to it. Obviously the values of k, a and y will vary.

Most companies dealing with these type of systems use this concept albeit empirically,
By past experience, they have a faitly good idea of the regources needed including the
split between different trades from day to day for the completion of the project within the
quoted due the. They also know the limits within which they can move the peak
requirement forward or backward,

Berides, most of these companies operate with 8 small team of core technicians on their
permanent rolls and build the remaining complement around it as per their conceptual
understanding of the profile of manpower requirements for the project on hand. Each firm
hag to arrive at its own value of the Urgency Factor' which would vary for the system and
for the customer.

¢) Least sum of squares

This method is the extension of the comprehensive method of resource levelling
described in Section 8.09. If, after the exercise of rescurce levelling, overall requirement
of scarce resource
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wotks out to be higher than its availability we have no alterative tut to extend the Human Resources
project duration by onie unit of time at a time and work out the changed manpower

loading chart. At every step, the sum of squares is calculated and the process is

contirmed iteratively until the requirement of confining skill fall in line with ite

availability.

Conclusion

A number of algorithms have been designed for balancing resources in large projects.
However, the package based on the "Principle of least Sum of Squares' is the most
comprehensive. It is a systematic approach encompassing all the three facets of
resource balancing problems viz., resource scheduling, levelling and allocation and
has been computerived. We are likely to hear more of it in years to come.

Activity 2

Experts ate of the opinion that the use of "Least Sum of Squares" method of
Resource Planning will grow rapidly in coming vears; discuss with justifications.

8.11 HARNESSING HUMAN RESOURCES

Project Planning and Scheduling is undettaken to develop a framework for human
beings to implement the project. Bven 3o how to get anybody to do something? There
is only one sure way and that is, to make it interesting for him. And the only way to
make it interesting for him is to give him what he wants. One of the basic human
wants, begides food, shelter clothing ete. is the “craving to feel important’. It is not
*wish' nor desire' nor longing’ but a “flaming urge for a fecling of importance. It is
this motive force or reservoir of energy that has distinguished human society from
other living beings.

During the phase of developing project planning and scheduling of projects, it is
extremely vital to consult specialist fimctions, seek their opinions, tickle their ego
and expertise and give them the feeling of importance by making them feel that they
are the authors and architects of project plans and schedules. Let us not deny
ourzclves of the wise counsel of our fellow team-mates. Everyone is superior to us in
some ways and it iz for us to-seck that out.

People are known to feign sickness to win attention and get a feeling of importance.
Some people are so hungry for thig feeling of importance that they actuslly go insane
to get it. We should prevent our team-mates from becoming gick or insane by making
them feel involved and interested and this can be easily achieved by consulting them
while doing planning and scheduling of projects.

One may get the feeling that valuable time is being spent on saeemingly inocuous
activity. It ie a sound investment to make as it will repay manifolds thronghout the
project execution phase, Three days spent in the initial stages may save us months of
delays later. Project teamg can then march forward with the consensus slogan that
nothing less than a disaster would be accepted as an excuse for delays'

8.12 SUMMARY

Planning determines the courses of actions for achieving the goals. The project goals
should not be citculated to members of project teatn but should he discuszed with
them to brinf out their implications. Drawing a net work and estimating the time for
the project are most important is & project work.

In project scheduling, all the team members would work towards achieving the goal
efficiently and effectively. Human beings are treated as a resource like machine,
material and money Hence human resources are to be utilived optimally. Various
methods of Resoutce with suitable examples are discussed in the umit. Regource
allocation in addition to resource levelling with different methods are highlighted.
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8.13 SELF-ASSESSMENT EXERCISES

1.

How does a clearer understanding of the goals by everyone working on the
project leads to deeper involvement and commitment?

"Network analysis of a project highlights interdependence of individuals and
functions and leads to better understanding among team members” Justify

Among the various methods of resourcing planning, which are hay the potential
of highest growth and why?

What iz an ideal resources profile and how does it get influenced by practical
considerations of project execution?

If your company is engaged in the buriness of customised central air conditioning
systemns, which technique of resources planning would be most suitable for you,
Describe it and what are the types of data you would need to collect from past
projects so as to enable better resource planning in future?
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UNIT 9 PROJECT COSTING AND FINANCING

Objectives
After the perusal of the umit, student will have

s  deeper understanding of cost estimating of projects at preliminary feasibility
techno-economic feasibility and detailed project report stages for recking and
obtaining financial ganctions within the company and also negotiating for
securing project finances with appropriate financial institgtions,

s clearer application of the role of cost estimating of projects for defining the scope

of the investment proposal and increasing importance of computerizing and
codifying cost-estimates which form the basis not only of financial samction but

also for basic design, detailed engineering, procurement, construction and
commissioning it into a viable and operable plant.

s in-depth knowledge of sources of project finance from domegtic and foreign
instingtions, investors and lenders.

s capability to work out the most-suitable mix of soutce of fund go ag to minitmize
the cost of capital for optimal results.

Structure

9.1 Introduction

9.2 Costing of Projects

9.3 Costing and Pricing of Projects

9.4 Types of Cost Estimates in Projects
9.5 Project Scoping

9.6 Project Financing

9.7 Sources of Long Term Rupee Funds
9.8 Sources of Long Term Rupee Loans
9.9 Sources of Long Term Free Exchange
9.10 Sources of Short Term Rupee Funds
9.11 Summary

9.12 Self-Assessment Exercises

9.13 Bibliography and Further Readings

9.1 INTRODUCTION

Owing to difficulties involved in estimating costs of projects, many people consider it
is an art. To be able to do a good job, one has to compile and analyze a lot of cost
data on past projects completed within the company and keep these data updated by
collecting the latest price estimates from the market. Market intelligence has to be
quite relisble. However, we must alwayz remember that only thing worse than
missing information is getting wrong or misleading information, which must be
avoided in a1l eventualities,

9.2 COST OF PROJECTS

A large number of companicg who are in the business of project design, engineering,
procurement and construction, use cost data for amriving at the price of the project aa
they have to participate in competitive bidding for securing future business. Pricing
of a project, although based on quite a great deal of cost data, may still be construed
as an art albeit partially. At any rate, it iz a strategy - Those who falk, don's know
and those who know, don't tuik.

131



Project Plenning and Scheduling

93 COSTING AND PRINCING OF PROJECTS

Starting with the concept to commigsioning of projects, we may need different types
of cost estimates. Obviously, their level or degree of accuracy is dependent upon the
type and detril of information and data available at that stage of the project.

(a) Order-of-Magnitnde Cost Extimates

This type of cost estimate is made without any detailed engineering data, This cost
estimate may he accuratet 252 within the scope of the project. It may be based on
past experience in India or abroad with foreign principals or it he based on capacity
estimates. Companics operating in international project business. use quibe a great of
information from their home projects and use broad "scaling factors™ to obtain the
cost in the currency of the customer countty. Another broad parameter used is in
terms of rupee crores per megawatt of electricity generation for power plants, per
kilometer tailway track in plaing or per kilometer of railway electtification for single,
double, triple or quadruple tracts or per kilometer of road (to a known specification)
to be constructed. These order-of-magnitude cost estimates are useful for preliminary
discussions and project formulation.

(b) Approximate Cost extimate (PFR Eytimates)

Alao called top-down ertimate, it is done without detailed engineering data and may
be accurate +15%. This type of estimate is undertaken at the time of Preliminary
Feasibility Report (PER) stage. Here we use various techniques of costing like pro-
rata estimate from experience of doing similar projects in the past and updating for
inflation. It may also be described as estimating by analogy or rule of thumb
estimates, We extensively use indexing costs of similar activities. These are adjusted
for capacity and technology. Since detailed engineering data is not available,
estimator is likely to conclude that gince this component is 2086 more difficult than a
gimilar one completed in another project, it i likely to cost 20% more overall or in
terns of materials or labour or overhead, 8s appropriate.

()} Economie Feasibility Cost Estimate (TEFR Ertimates}

As we progress further in the project formulation, we are to prepare an Ecenomic
Feasibility Cost Estimate of the project. Thia is used for working out the product cost
and pricing and consequently the profitability analysis of the project depends on this
cost estimate, This iz based on a reagsonable degree of detailed engineering data and
should be accurate + 10% for Techno Economic Feaslbility Report (TEFR) stage.
This exercise is blown up into much details. function-wise and for specialist
equipment; budget quotations from vendors are also obtained. A great deal of cost
data. compiled from past projects, is used extensively s0 as to obtain accutate cost
estimates of all main plant items (within the battery Limits} and for all service or
utility plants and systems outside the battery limits. For each type of equipment uged
or system installed, it is possible to compile overall cost data and the same can be
used at this stage for arriving at Economic Feasibility Cost Estimate.

This cost estimate formed the basis of companies applying to Government of India
for obtaining induatrial licence and for capital goods licence for imported plant and
machinery. With deregulation, it is required only for industries on the restricted list.
(d) Detailed Project Cost Estimate (DFR Estimates)

As we progress further with the project formulation, a number of agpects get defined.
Some preliminary drawings like layouts, process flow diagrams, piping and
instruments (also called engineering line) diagrams are prepared and company firms
up its action plan by preparing a detailed project cost estimate -corresponding to
Detailed Project Report (DPR) stage and ig expected to be accutate to + 5%. At
this state, costing exercise is very detailed and costs of all major plant items are
suppotted by proper price quotations from the intended suppliers. BEven at thig stage.
Cost of construction and erection labour and cost of overheads are estimated
factorial.

(e} Control Cost Estimates

After making some progress on the basic design viz, drawing up of detailed scheme,
flow diagrams and layouts, a very detailed exercise on cost-estimates is undertaken,
‘When basic documents as above are sufficiently frozen, we have, more or less,
defined the scope of the project in hand. Consequently the aim is to arrive at an
accuracy of + 2.5% although it may be



mote precise to say that is lower than + 5% as achieving an accuracy lower than +
5% is very much dependent upon economic stability, inflationary trends on prices,
balance of payment, fluctuations in currency exchanpe rate ete.

As the name signifies, these estimates are used for controlling the costs while plant
and equipment are being designed, indented and ordered and serve as a very useful
frame for controlling expenses as they are incurred.

Until the Contrel Cost Estimates (CCE) are finalized, the previous DPR estimates are
used for indenting and ordering any critical long-delivety items of equipment and the
same figures are adopted/incorporated into the CCE.

Activity 1

In India, a large mumber of projects in public/govt. sector are overspent mainty
because their costs are underestimately initially; elaborate with reasons.

94 TYPES OF COST ESTIMATES IN PROJECTS

All large and mature project organisations are giving greater attention to this detailed
exercise of compiling CCE - these are being computerised and suitably codified so
that these can be referred to while indenting the equipment for procurcment.

Increazingly CCE is being used as the basis for defining the scope of the project and
ghould be fully aligned with the cut-off lines of responsibilities agreed with the end
customer/user or purchaser.

Owing to greater awareness, thanks to Total Quality Management envitonments, on
designing and operating “fail-safe or fool-proof systems of project management, the
tmportance of an exhaustive procedute of CCE hag increased and is becoming the
basic document for defining the project scope.

The TQM philosophy enjoins project management personnel to design whatever is
included in the cost control estimates and therefore, we have tied up procedures
wherein whatever iz derigned is indented on purchase/contracts and whatever is
indented iz, in fact, ordered and whatever is ordered mmst be delivered at the
propoged project site at the designated construction warchouse, Correspondingly,
whatever is delivered at the warchouse is erected at the designed location provided in
the drawings, oil-topped, no load tested cte. before taking up the irial production and
commisgioning of the plant.

9.5 PROJECT SCOPING

Project entail massive capital expenditure - the requirements of capital investment
usually for exceeds the financial capability of the entrepreneur {or promoter group) or
the company. The soutces of project financing of public sector, joint sector and
private sector projects may vary very significantly. However, there funds may be
long-term for capital investment and short term for meeting the requirements of
working capital.

9.6 PROJECT FINANCING

The sources, common to projects from all the three sectors, are ag below:
a) Egquity and Preference Share Capital

Equity is one of the principal sources of fund available to promoters and shareholders

and its main features are:

i) Promoter groups contribution: Promoters either along or together with their
friends, associates, relatives etc., are expected to bring in 25% of the total issne
of equity capital

133

Praject Coating and Financing



Project Plenning and Scheduling

x}

for projects upto Rs. 100 crores and only 20% if cost exceeds Re 100 crores or
as laid down by Securities and Exchange Board of India (SEBI) from time to
time. Promoters’ share is locked in (without transfer or withdrawal) for a period
of specified number of years from the date of commencement of production or
date of allotment of shares whichever is later.

State Governments Contributlons: State Governments may, through State
Financial Cotporations (SFCs), subsctibe to the capital issue subject to a
certain maximum limit; they may not take up equity in companies whose net
worth is more than a specified value

Public Subscriptions: Public subscription to the equity igsue of the company
is governed by SEBI guidelines and certain sections of the Companies Act of
1956 and must be taken into account; your bank, financial institutions
subscribing, merchant bankers etc. may be able to advise appropriately.

There days over the eounter (OTC) facility is also available who handle irzues
of equity capital between Rg 30 lacs to R8 25 crores with a maximum of 40%
issued capital or Rs. 20 lacs worth of shares whichever is higher.

Seed Capital Assistance: Operated by IDBI, thiz financial assistance scheme
is available for medium scale units set up and run on a whole-time bagis, by
technically and/or professionally qualified and expetienced entrepreneurs and
is offered through SFCs and SIDCs and they same may be checked with
concerned units for details.

Venture Capital Assarance: Rigk Capital & Technology Finance Corporation
Ltd. (RCTFC) iz a subsidiary of Industrial Finance Corperation of India (IFCI}
and Technology Development & Information Company of India {TDICI) is a
counter part of Industrial Credit and Investment Corporation of India (ICICT)
and may be approached for "venture capital assistance” in line with their rules.
Share Subscription by Financial Instifutions and Mutual Funds:Financial
Institutions and Mutual Funds, to create confidence amongst investing public,
take up some equity in companies in the initial stage and later sell it to public
or promoters ag appropriate at a profit and provide a useful basis for ensuring
success of equity share issus.

Share Subscription by Non Resident Indians (NRI's) Government of India
& Reserve Bank of India ate permitting investment by NRIs in equity on both
with or without repatriation facilities and can provide a good soutrce for
meeting the foreign exchange requirements of the project.

Employees Stock Options: Public companies are obliped to reserve 5% of the

public issue for ellotment to employees. However shares remaining
unsubscribed can be offered to the public.

Preference Shares (preferred stock): As the name signifies, this class of

shares gets precedence over ordinary shares, Unlike ordinary shares, they carry
a fixed rate of dividend and is independent of profit. They may have limited

voting rights, Various types are

¢ Cumulative preference shares

¢ Non-redeemable preference shares

+ Convertible preference shares

= Non-convertible preference shares

s Cumulative convertible preference shares

Government Subsidies: In India;-state governments give incentives which

may include:

& Fiscal relief in the form of refimd of sales tax, octroi or entry fax.

« Langd for new units and for expansion of existing units at reserved prices.

¢ Contribution towards cost of feasibility and project report.

= Subsidy on power.

+ Financial assistance like term loans, underwriting shares, share
gubscription, working capital loans etc.
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+ Exemption from payment of water rates in developed growth centres of the
state.

s Housing schemes for workers ete. in their colonies for indugtrial workers.
«  Supply of raw material.

s State purchases.

¢  Subsidy on purchase/insta"stion of captive power generating sets.

+ Relaxation of terms and conditions for sales tax loans.

e State Capital Investment subsidy.

¢«  Development loans.

+ Concessional rent for lease of plot or sheds.

® Tax holiday for payment of corporate tax for a block of five years in the
first cight years of operation,

¢ Clubbing of Net Foreign Exchange (NFE) earned by the unit with the NFE
of parent/ associate company for the purpose of according "Export House"
gtatug baged on export eatnings.

= Intemnational Price Reimbursement Scheme (IPRS) on the purchase of iron
and steel to help units to price exporting products competitively

¢ Concessions on duties and taxes.

= Foreign equity participation upto 100%.
Adhoc subsidies for implementing projects may have to be refunded if the project
fails to go into commercial production within a reasonable period.
b} Internal Generation of Funds
There are not available to new companies. There are profits retained after payment of
dividends and provisions for depreciation.
¢} Lease Financing
A large number of private financing companies, All India Financial Institutions and
banks are doing lease financing of capital equipment; they pay full price of the
required equipment to the supplier and then lease it to the purchaser under an
agreement to repay the principal and interest in monthly/quarterly instalments. At the
end of leasing period, old equipment is transferred to you at a nominal residual value.
Herein\debt~equity is not the main factor of credit worthiness and lessor charges
interert rates which are a little higher than the bank lending rates.

d) Debentures

These are debt ingtrumentr irrued by companies to borrow money from public at
fixed rate of interest with different redemption periods afler expiry of which the
company would cither buy back or convert them into ordinary equity shares at
predetermined premium rates of conversion. This means of preject financing is
becoming very popular and there are four types of debentures :

Fully Convertible Debentures (FCDs)
Partially Convertible Debentures (PCDs)
Non-Convertible Debentures (NCDs)
Optionally Convertible Debentures (OCDs)

9.7 SOURCES OF LONG TERM RUPEE FUNDS

This is the largest single source of project financing. Many national and intemational
financial ingtitutions either lend their own fimds or channelize funds from
government or bigger lending institutions or foreign governments' funds by way of
refinencing or acting as their designated agents. Various institutions are :
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a) Developments Banks like

- Industrial Development Bank of India (IDBI}

- Industrial Finance Corporation of India (IFCI)

- Induatrial Credit & Investment Corporation of India (ICICT)

- Small Industrial Development Bank of India (SIDBT)
Concerned Institutions have to be contacted for applying ete.
b} Investment Instlintions ke

- Life Insurance Corporation of India (LIC)

- Unit Trust of India (UTT)

- Greneral Insurance Corpotation (GIC)
They may offer loans ag a patt of syndicate arrangements with the above
development banks,
¢} Development Financing Institutions
There are ahout 50 development financing institutions in India like

- National Small Industries Corporation ~,NSIC)

- State Industrial Development Corporation (SIDC)

- State Financial Institutions (SFT)

- State Industrial Investment Corporations (SIIC)

- Housing and Urban Development Corperation (HUDCO)

- National Housing Bank (NHB}

- Power Finange Corporation (PFC)

- Indian Railway Finance Corporation (IRFC)
Besides, commercial banks also give long-term loans for specific projects either
directly or as 2 member of syndicatez organised by Development Banks.
Housing and Urban Development Corporation (HUDCO), National Housing Bank
(NHB), Power Finamce Cotporation (PFC); Indian Railway Finance Cotpotation
(IRFC) etc. have been formed as Direct Finance Institutions for zervicing specific
gectors of economy.

d) Long tcrms loans for revival of sick units

Industrial Rehabilitation Bank of India (TRBI} grants concessional assistance for
reviving gick unita. Major revival proposals have fo be cleared by Bureaun of
Industrial & Financial Reconstruction (BIFR). National Renewal Fund (NRF) hag
been set up by the government with a corpug of Rg 2,200 crores for restructuring sick
units.

€} Funds for modernizing existing undertaking

Financial agsistance on long term basis is also available to projects for replacement,
revamping, and renovation of existing units and/or adding balancing facilities for
optimising productivity enhancing, project quality, conserving energy etc,

f) Supplier's deferred credit

This is becoming available through various Deferred Payment Schemes of SIDBI for
small units. For large unitg, ICICT hag been operating a similar gcheme with the help
of commercial banks, ICICI pays full value of equipment through your bank, who
would honour the quarterly payment towards repayment of capital and interest,
against bank guarantees issued by the bank in favour of ICICI on your behalf,

g} Intercorporate loans

Companics operating under, the same umbrella of management resort to tempotary
transfer of funds from are unit to another to keep meeting the financial needs of the
loanse A reasonable interest is charged. Public Sector Undertakings (PSUs) undet the
same ministry also help one another on similar basis.
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ft may be available from Foreign Exchange dzalers after the project has been
approved either by Reserve Bank of India (RBI), based on foreign collaboration
applicable or by Government of India, based on foreign collaboration secretariat of
industrial approvals, You can avail the foreign exchange as stated in your approved
application. Commercial Banks and Financial Institutions are authorized to buy and
gell foreign exchange and you can armange for direct remittances to foreign party
againgt gemuine bille and documents.

Development Financial Institutions are authorized to disburse a part of your rupee
loan ig foreign exchange if there is a delay in receiving your remittances against
external financing. Foreign Exchange is also available under the following schemes.
2) Technical Development Fund (TDF)

Administered by Secretariat of Industrial Approval (SIA) and IDBL, companies can
import capital equipment, know-how, technical consultancy gervices, technical
drawings and designs ete. There is a maximum ceiling of Rs 50 millions per unit per
annum. A patt of import duty and incidental chatges ig algo re-imburseable upto a
maxinmum of 25%n of CIF value of the Import License under TDR

b) Import of Designs and Drawings

Under thig scheme, RBI limits the ceiling of foreign exchange to Rz 10 millions per
unit per annum.

¢} Equipment Finance Scheme

Operated by IDBI, foreign exchange is available under automatic clearance or
gpecific capital goods clearance against import license. This iz algo available through
SIDCr and loan can be paid in Indian rupees.

d) Specific programmes for advancement of commercial technology

Foreign countries provide funds for joint ventures for research and development and
technical co-operation programmes. There are usually administered through one of
the all India Financial Institutions (AIFIs).

¢} External Commercial Borrowings (ECBs)

ECBs are dealt with by ECB Division of Department of Economic Affairs (DEA).
These are generally done directly by Government of India or through its designated
agents and ATFIs. Government has borrowed large sums of money in intemational
money market in 1991 and 1992 through Intemational Monetary Fund (IMF) and
Asian Development Bank (ADM).

Government may permit ECB to companies in the private sector for mobilizing funds
in international money market and export credit assistance by foreign governments
and overscas buyers, forcign supplier's deferred credit etc. Under this schame,
industrial undertakings with "good credit rating” by a reputed agency, as listed below,
may be able to mobilise large amount of money:

Foreign Indian
+ World Bank e Credit Rating Information Services of India Lid.
(CRISIL)
+ Intemational Monetary Fund ¢ Investment Information & Credit Rating Agency
of India Ltd. (ICRA)
& [MD Intemational # Credit Analysis and Rescarch Lid. (CARE)

e Standard & Pour Corporation

s Moody's Investors' Services Inc,

o Fitch Investors' Services Inc.

There are three options under ECB viz.,
(i} Loans from foreign commercial banks
(ii) Borrowinge through Bonds

(iii) Suppliers countries export credit
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- Suppliers’ Credit

f)} Esxternal Aid

These might be ensuring:

i} Bllateral Ald : It is available from affluent countries, many of them have set up
their own corporations for administering the aid :
s Kreditamsalt fur Wiederaufau {(KFW) of Germany
e« Overseas Economic Co-operation Fund (OECF) of Japan

* Overseas Development Administration (ODA) of UK

These aids are conditional to buying equipment and know-how from their,
respective counfries, Countrics like Sandi Arabia, Kuwait ¢tc also offer special
assistance at concessicnal rates of interest and easy repayment terms. Frstwhile

USSR gave aid against rupee payments which they used for buying large
quantities of Indian consumer goods.

ii} Multilateral Aid : It is available from multilateral development financial
institutions like:
s [Internationsl Bank for Reconstruction & Development (IBRD)
¢ International Development Agency (IDA)
e« International Finance Corporation (1FC)
s Multilateral Investment Guarantee Agency (MICA)
&  Asian Development Bank (ADB)
s United Nations Development Programme {(UNDP) ete.
g} Inveytments from Ofl Exporting Developing Countries (OEDC)

Indian Government has been inviting individuals and institutions from OEDCs to
invest in the form of equity, loan, debentures, bonds ete. They arc restricted to
investing in new companies, hotels, hospitals etc. subject to a certain ceiling, These
are subject to the approval of Secretariat of Industrial Approval {SIA) and RBI.
h} Collahorator's Equity Participation
Foreign investment by collaborators can also be in the form of equity of Indian
company A number of rules have been relaxed since 1991 and further relaxation of
Foreign Exchange Regulation Act (FERA) is on cards.
f} Share subscription by overseas investors
Major institutional and individual investors in developed countries are showing
interest in equity participation of large companies with good track record. Asa
result, Euro-Convertible Bonds (Euro Chs) and Global Depository Shares (GDS),
are becoming popular ag investrent insttuments abroad.
ii} NRI share subscription
NRIzs investing in Indian Companies' share equity in foreign exchange can meet
the long-term requirements and can often be sufficient to meet company's
entire foreign exchange requirements.
Activity 2
In the light of above discussions indicating a large number of sources for securing
long term project finance, we can save considerably if we are able to secure the
optimum mix of cash inflow. What would you advise to companies Contemplating
major capital expenditure?
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9.9 SOURCES OF LONG TERM FREE EXCHANGE Project Costing and Financing

Short term funds are required for meeting the working capital requirements of the
company and it comprises of margin money {to be provided by the promoters) and
the remaining bulk requirements which is met: by borrowing from commercial banks,
public deposits, debentures and suppliers credit.

As a rule, short term funds are costlier than leng term one, Margin money for
securing loans for bulk portion of the requirements of working, capital, should be
included in the fixed capital requirements of the project although it is underst6od that
it is required only towards the and of the project exccution. Various sources for short
term rupee fund are

a) Commereial banks
For securing working capital credit facility company has to apply in preseribed
forms, giving details of accounts, estimates, projections, document hypothecating
current assets ete. and comply with the conditions stipulated by the banks for both
funded {cash) and non-funded (guarantees. letters of credit etc.) credit facilities.
There is an erronecus belief that the entire requirement of working capital of all
companies is met by credit from commercial baulk. A study carried out in 1991
showed that only about 30% of the total working capital requirement of companier
was provided by bank credits,
There are two methods of computing the working capital financing by banks :

it Prakash Tandon Committee (1974)

It is worked out as below:

Total current Assets = Rs 200 lacs

Current liabilities other than bank borrowings = Rs 100 lacs
=t i g

Work Capital requirements = Rs 100 lacs

To be tunded trom Long Tenn funds @ 25% . = Rs 20 lacs
== =

Short term hank [inance @75% = Rs 75 lacs

jii) Chore Committee (1981}
[t suggested a revised method of computing the working capital financing as below:
' = Ry 200 lacs

Rs 50 lacs

Total cunent assets
To be financed by long term funds @ 25%

Rs 150 lacs
Rs 100 lacs

1}

Balance current assets @ 75%
Current liahilities other than bank horrowing

Short term bank finance = Rs 50 lacs
RBI has suggested that Chore Committee's formula should be used by banks for
arriving at shott tern bank finances.
Activity 3

Explain why we need long tetm funds to secure short term funds from cotrmmercial
baoks for meeting our working capital requirements?

b} Short team public deposits

Public Deposits are regulated by Government through Companies Act and Public
Deposit Rule, which provide restrictions on the quantum of deposits intake and rate
of interest.

¢} Debentures

These loan instruments have also been used for short term requirements of working
capital besides meeting Tona term needs of funds,
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d) Suppliers Credit

It i posaible to organize 1-3 months' requirements of raw materials and other inputr,
as a source of short term financing but its usefulness can be debated.

9.10

SOURCES FOR SHORT TERM RUPEE FUNDS

1.

What are the different types of cost estimating in the life cycle of a project and
how does the level of accuracy increase progressively?

"Costing i3 a guestimate and pricing is a strategy”. Elaborate,

Should we always award the contract for a project to the longest bidder? What
are the pitfalls of this policy and how can we obviate these in public

sector/government undertakings?

"Tapping the tiC7ht source of fimds can materially effect the profitability of
the company". Explain with reasons.

‘What are the fiscal incentuties offered by various state and central government
for promoting industrial development?

"For securing short-term funds for working capital requirements, we also
require long-term funds" justify.

9.11 SUMMARY

Cost estimation of projectz plays an important role st preliminary feasibility techno
economic feasibility and detail project report stages. Different types of cost estimates
are highlighted i this unit equity and preferences share, internal generations of
fundg, lease finance and debentures are few important sources of fundr for project.
National and international financial Institutions help project funding. Short term
funds are necessary for meeting the worthing capital requirements of the projects.

9.12 SELF-ASSESSMENT EXERCISES

1.

2.

Vasant Desai Project. Managemens, Himalaya Publishing House, New Delhi,

Prasanna Chandra Project Planning, Analysis, Selection, Implementation and
Review Tata McGraw Hill.

IM -Oicholas Managing Business and Engineering Projects : Concepts and
Implementation, Prentice Hall, New York

DL Lock Project Management, Gower Press, London,
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UNIT 10 ORGANISATION STRUCTURES IN
PROJECTS

Objectives
After leaming this unit you should be sble to understand:

s process of organising resources

¢ linkage between staffing and organisation gtructure

e different types of organisation structures

+ evolution of organisation structure for project work
& relevance of matrix organisation structure

« advantages and disadvantages of matrix organization
Structare

10.1 Introduction

102  Types of Organisation Structures

10.3  Hierarchical Organisation Structures

104 Integrating Projects in Functional Organisations
10.5 Evolution of Organigation Structures in Projects
10.6 Matrix Organisation

10.7 Complexities of Matrix Organisation Structures
108  Advantages of Matrix Organisation Structures
10.9  Fitting Matrix Structure into the Organisation
10.1¢ Types of Matrix Organigation Structures

10.11 Organigation Structures in Twenty-firgt Century
10.12 Summary

10.13 Self asscasment excrcises

10.14 Bibliography and further readings

10.1 INTRODUCTION

Project require a large number of persons during execution. The limitation of number
of subordinates that a person can effectively manage would have restricted the size of
an organigation if we were not able to group activities and people into departments.
Although, for a long time, there has been one pattern of grouping, considerable
developments have taken place in the manner of grouping people and activities and
arriving at an oganisation structure,

There is an increaging realization that organigations must be dynamic in nature and
ghould be able to restructure themselves to respond to changes in the environment.
Last few years have geen major organisational restructuring which has beem lowly
dictated by increasing competition, mapid changes in technology, high cost of
marketing and changing consumer demands and expectations.

10.2 TYPES OF ORGANISATION STRUCTURES

There is no single best method of departmentalizing which would be applicable to all
organisations and in all situstions. Over a period of time, a number of patterns of
deparimentalizing have emerged as below:
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2} Departmentation by Numbers

This originated with tribes, clans and atmies. The approach is to band together
persons deing similar jobs and put thern imder a manager Owing to changes in
technology and consequent incteasge in diversity of skills, this grouping iz found to be
inadequate, particularly for higher management.

b} Departmentation by Time

‘When people worked in multiple ghifte, it was common place to group them by time;
each complement in the shift was assigned a shift manager and all skills/functions
teported to him,

b) Departmentation by Functions

Grouping of activities by functions is most common. For example, people working in
production - creating goods snd servicer - are grouped under production manager;
people working in selling - finding customers what are ready to buy goods and
services at 8 price - are grouped under a sales manager, Similarly, persons engaged in
finance - raising, collecting and safeguarding funds are put under a finance manager
and so on, This is most widely employed bagsis for grouping activities and would he
found at certain levels in all oganizations.

¢} Departmentation by Territories

This ia common among organisations operating over 8 wide geographical area.
Tranractionsl corporations use this method although within the territorial
otganisation, division might be on function or any other basis, All government
departments - revenue collection, welfare, judiciary, education. post &
telecommunication are grouped on territory basis. Department store chains are also
grouped an geographical zones; nearer at work, peons. floor cleaners security guards
etc are also assi®ned location-wise

d)} Departmentation by Customers

This grouping primarily focuses on customer or customers in 8 market segment. A
company may be having industrial sale and retail sale and may decide to group
selling force into two categories. A large hank may group its marketing department
into individual, corporate, merchant banking etc.

¢} Departmentation by Procesy on Equipment

Grouping people as per the type of process is also prevalent - all persons in foundry
paintshop, heat treatment ot machine ghop are grouped under the specialigt manage-.
Similarly, computers or electronic data processing, legal attain are grouped into
separate departments.

g} Departmentation by Products

Grouping of activities on the basis of product or product groups has been gaining
mporMoemmultl-pmductenterpnses These days it is rather rare to come across
companies with one ot two products. Organizations are typically structured along
fimctions, When the firms become large, the need for departmentation by product
becomes necessary. Latge product voluines are divisionalised into autonomous
operations complete with their own finance marketing, persennel and production
functions.

10.3 HIERARCHICAL ORGANISATION STRUCTURES

Herein organisation is gtructured into divisions, departments and sections. Work
flows along the line of command. A typical organigram is ag below :
In this form organigational structure, each individual repotts to one perzon only.
Communication channels are well defined.
a) Advantages
i} Budgeting and cost control is easier.
ii} Technical ekills are better.
- specialists can he grouped to share knowledge/responsibility.
- persons can be asgigned to many projects.
- most advanced technology/skill are available to all projects.
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CHIEF PRESIDENT OR
EXECUTIVE MaMaGING DIRECTOR

| DIVISION
OPERATIONS FINANCE PERSONNEL MARKETING
DEPARTMEMNT
SECTIONS

Flexibility in use of manpower,
Large manpowet base to wotk with.

There is continuity in fimetional dizciplines - policies, procedures, line of
authority etc.

Can casily cope with mass production activities to established specifications.
Good control over personnel

Commumication channels are' vertical and well established.

Capability of quick response exists although it may get influenced by
functional priorities.

h)} IMsadvantages

i)

No one individual is responsible for the total project.

Project-oriented emaphasis for achieving project goals is lacking.
Co-ordination iz complex and longer lead time required for decisions.
Decisions normally favour the strongest functional groups.

No customer focal point.

Response. to custorner needs is slow

Difficult in pin-pointing. respensibility- no project-oriented planning, no
project reperting, no project authority etc..:

Lose of motivation or innovation.

Ideas are function-oriented and not project-oriented,

With the growth of project management activities, it was increasingly realized that
the traditional hierarchical organizational structure was inadequate.
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Activity 1
‘What is the critical role of appropriate erganisation structure in effective management
of projects?

10.4 INTEGRATING PROJECTS IN FUNCTIONAL
ORGANISATION

To overcome lack of focus on individual projects, efforts were made to develop work
integration of fimctional departments by :
i) Specifying Rules and Procedures

Even though most projects are different, actions required by functional
departments are repetitive and predictable. It should, therefore, be possible to
integrate flow of work of individuals by drawing up and specifying rules and
procedures.

ii} Undertaking Detailed Planning of Projects
Functional representatives were asked to be present in all planning, scheduling
and budgeting meetings of individual projects go that they are involved in theit
schedules.

fliy Senior Level Intervention

Continuous conflicts and struggle for power between functional departments
required regular intervention by the asenior level executives for resolving
problems and conflicts arising from non-routine or unforeseen situations for
which no rules or policies were framed.

Iv) Direct Contact by Functional Managers

Although rules and procedures were framed and detailed planning undertaken
aimed at resolving and minimising areas of conflicts, senior sxecutives spent a
great deal of their time in 'arbitrating’ rather than “managing'. Although direct
contact among fimetional managers are encouraged, it proved to be rather
meffective.

10,5 EVOLUTION OF ORGANISATION STRUCTURES IN
PROJECTS

Following are the various stages of development while evolving an appropriate
organisational structure for project work :

GENERAL MANAGER
DEPARTMENT A DEPARTMENT B DEPARTMENT C
|_[prOJECT |_[PROIECT | | PROJECT
LEADER  LEADER LEADER
[ | l | I |
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a) Project Leader or Co-ordinator

As a first step to resolve the problem, each department assigned somebody as a
project leader or co-ordinator for the project. It was a temporary azsignment and the
oganiration atructure was as shown in the ahove figure.

This mechanism proved quite effective for co-ordinating work within the department
with the exception of stray case of wrong choice of project leader Conflicts did arise
because many section managers wers afraid that if they took dircction from the
project leader it would be an admission by them that he was next in line of succession
to the depariment manger's job.

Besides when project leaders had to co-ordinate with othet departments, conflicts
arose. Project leader of one department did not have the authority to lease with other
departments personnel. Creation of these positions led to intetnal conflicts within the
departments and many individuals loathed the job of project leaders and wanted to
return to their safe jobs in the department. Where intra~department effort was
required, General Manager had no option but to act as the Project Manager.

b} Task Force Concept

Owing to problems with the framework of ‘project leaders’, it was felt that integration
of work of an individual project could be achieved if each department placed a
representative on the task fores who would jointly solve the problems as they
occurred. Task foree consisted both full time and part time persennel from each
department. Mestings wete held every day to review the progress and to discuss
potential problem areas. Functional managers soon discovered that their nominees
were spending too much time in unproductive meetings than in performing their own
functional jobs. Many functional managers positioned ungualified and inexperienced
individuals on tagk forces. As a result, they became ineffective.

This concept was a major step for resolving conflicts and for integrating work and in
most case things improved. These could be formed very rapidly. However,
integration wasa rather complicated-work flow wag difficult to control az functional
suppart was difficult to obtain ag it was in the hands of functional managers. Algo for
external projects, tagk force concept was grossly ineffective,

¢} Lisison Department

Next step in the evolution process of integrating protect work was the induction of
liaison departments in project engineering organisations handling many projects at
the same time ag shown in the following Sgure :

GENERAL MANAGER

LIAISON PROCESS & CIVIL & . 5
| DEPARTMENT TECHNOLOGY STRUCTURAL MECEANCAL
—————————————— —Hr—- . — — — — —

Liaison departments were created to handle transactions between functionsl
department within the Engineering Division. Deriving their authority from the
General Manager of the divigion, their prime fimction was to ensure that all
departments worked to the same project requirements and goals. In some
organisations, these liaison departments still exist and their functions extend to
provide single-window contact with the customers.

Liaison departments were merely enlarged version of the old concept of project
leaders'. They did not have any authority to resolve the conflicts as their authority
was limited to the outer
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boundaries of fimctional depariments. Whenever there was a conflict between
departments, General Managers intervention was unavoidable.

d) Project Manager as a Staff Function

It was becoming increasingly evident that control of a project must be given to
personnel whose loyalty is directed towards the completion of that project on time,
within bud®cts and performance parameters. Accordingly, the position was separated
and he was slotted in the organisation as shown in the following Figure :

GENERAL MANAGER
PROJECT
MANAGER
PROCESS & CIVIL & MECHANICAL ELECTRICAL
TECHNOLOGY STRUCTURAL

Project Managers served as a focal point - a centre for information and his main
function was to keep the Genersl Manager informed of the status of the project and to
push papers and production people into completing activities on time. Project
Managers had the monitoring authority. However, work allocation and performance
appraigal reports of individuals on the projects continued to be made by the
functional departments who refused to take instructions from the project managers as
it would amount to admitting that they are in line of succession to the post of General
Manager.

¢} Project Managery with Shared Authority

In this gituation, project managers wete given soms authority vested in the General
Manager - they could assign work or prioritise duties in functional departments.
However fumctional managers still had the authority of performance appraisals and
enforcement of professional and organisational standards in the completion of the
activities: Individuals on the job were caught up in a web of conflicting
relationships which got aggravated as functional managers were forced to ghare their
suthority with project managers. This could not last long because:

i} Shared responsibility led to major conflicts
ii} Functional managers were reluctant to give their authority to project managers
f} Project Managers with Line Authority

In large organisations, project managers were given all the staff on full time basis to
work exclugively for achieving the project goals. It operates like a division within a
division. Thig type of organisation can work as long as there iz a continuous flow of
projects. As long as the work iz stable, conflicts will be minitmm. Project managers
not only assign work but also "conduct performance appraizals and merit-reviews.
Each individual reports to one person only Communication channels are strong and
reaction time is very rapid.

The major disadvantage with this pure form of organization is the cost of such
organisation. There is no possibility of sharing individuals with other projects in
order to reduce costs. Personnel tend to stay longer than they are needed as project
managers know that once they released an employee, it will be almost impossible to
get him back. As each project nears completion, petsorme] become uneasy and tty to
prove their worth. Although in such organisations, responses are fast and projects get
completed on echedule, technology suffers
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owing to lack of strong fimctional support. The experience gained on one project may
not be availeble to other projects and duplication of effort might ensue. Conflicts
occur with other gimilar project organirationa whenever two projectz use the same
piece of equipment of facility at the aame time.

10.6 MATRIX ORGANISATION

Matrix form of organisational struciure combines advantages of pure functional
structurs and pure project structure and is ideally suited for companies which are
project driven. A typical matrix, also called grid, orpanisation structure is shown in
the following figure :

GEMNERAL MANAGER

ENGINEERIN G OPERATIONS FINAMCE PERS ONNEL
- L.
] » —m £
N L v

Each Project Manager derives his authority from the General Manager and represents
a profit centre. He has total responsibility for the project and is accountable for its
success. Functional Departments have responsibility to ensure technical and
professional standards on the project. Functional Managets ensure unified technical
expertise and complete exchange of information and experience on other projects.
Mairix management ig a collaborative function and decizsion making rests with the
team instead of the project manager in & pure project organisation.

a) Basic approach in Matrix Organigation Structnres

Matrix approach is an attempt to create synergy through shared responsibility
between project and functional management. No two working environments ate
identical; therefore, no two companies will have same design of matrix structure.
Both project and functional managers maintain some degree of authority,
responsibility and accommtability on each project. They should, therefore,
continuously negotiate with each other - Project Manager might consider what is beat
for his project whereas finctional manager might consider his departments interests
more important than the project.

Since project managers do not have any formal suthority they have. to tegort to their
technical competence and their interpersonnel =kills in order to be elective. Project
Manager acts as & unifying force for project control. He must maintain open channels
with the functional departments.

Individuals at the interface level have two bosses - he must take direction from both
project manager and functional manager The performance appraizal rests with the
functional manager who normally consults the project manager Even so there can be
conflicts but the individusl at
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the interface can help by suggesting to both the mana®ers to commmumicate with each
other and resolve the problem. This poses two kinds of challenges to the project

manager viz.,
i} How to motivate individuals working on the project - full or part time - so that
their loyaltics are with the project?

ii} How to convince individuals to work to project directions when they might
conflict with department policy or if the individual feels his functional boss may
not regard these instructions favourably?

b) Rules for matrix Organisation Structore
iy if individuals spend more time on the project, it ensures loyalty
ii) Horizontal az well are vertical channelg existing for making commitments,
iif) Conflict resplution should be quick and effective.
iv) Communication channels and access between managers must be good.
v) All managers must provide input for the detailed project planning.

vi) Both horizontally and vertically oriented managers muat he willing to
negotiate for resonrces.

vii) Horizontal lines must be permitted to operate as a separate entity except for
administrative matters.

10.7 COMPLEXITIES OF MATRIX ORGANISATION
STRUCTURE

Rescarchers have identified nine pathological complexities of matrix system of

management:

i}  Power struggle between horizontal and vertical hierarchy

ii} Formation of organizational islands during peried of stress leading to anarchy

iii) Decision-making by group may degenerate into group it is.

iv) Matrix gystern flouriches during periods of growth but may collapse during
lean times,

v)  Critics voice their concem whether excessive supervision of matrix structure is
really necessary.

vi) Too many people involved in decision-making may atifle {strangulate) the
process.

vii) Pushing matrix structure too much down into the depth of organisation may
gink it completely.

viii) it might lead to layering by creating matrix within a matrix structure.

ix) Organisations might start suffering by being overly obsessed with internal
relationships to the detriment of external relationships,

10.8 ADVANTAGES OF MATRIX ORGANISATION

STRUCTURE
The main advantages are:
i} Project managers maintain control over project resources and costg through
functional managers.

ii}) Policies and procedures for each project can be spelt out separately provided
they do not contradict company policies and procedures.

ili} Project managers can commit company resources if that does not cenflict with
other projects’ requirements.
iv) Organisations can respond rapidly to changes, conflict resolution and other
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Functional organisations exist primarily to suppeort the projects.

Each person has 8 home where he retumns after project completion. Each person
can be motivated ehowing him his career path.

Strong technical base and problem aolving capability can be developed and
expert knowledge is available to all projects.

Key people can be shared and cost on projects can be minimised. Since people
work on 2 variety of jobs, it provides challenges and opportunities and
consequently higher, job satisfaction.

Conflicts ate minimal and can be solved easily and quickly.
We obtain better balance between time. cost and performance.
Development of skdlls of specialists and generalists is rapid.
Authority and respongibility are shared.

Stress is distributed among the team and functional managers.

10.9 FITTING MATRIX STRUCTURE INTO THE

ORGANISATION

Matrix structure should be introduced into the organisation when :

Short run projects are the primary output.

ii} Complicated degign calls for both innovation and timely completion.

iii) Seversl kind of skills are needed in designing, building and testing the product
and these skills need constant upgrading and updating.

iv) Rapidly changing market place calls for significant changes in products.

10.10 TYPES OF MATRIX ORGANISATION STRUCTURES

There are three variants of the matrix structure :
(a) Mediom Size Organisation

The structure is chown in the following fignre :
GENERAL MANAGER
TECTIROL 06T STROCTURAL HECHANICAL ELECTRIGAL
L PROJECT . -
MANAGER
A
PROJECT

| MANAGER > > K

B
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The above diagram shows that individual project managers report to General
Manager: This kind of Organisation works satisfactorily when the number of projects
is not large and organisation ir quite small. As a result, General Manager has
sufficient time to co-ordinate activities of project managers.

(b} Large Organisation

‘When number of projects is large and companies grow in size, General Manages may
not he able to co-ordinate that many projects. In such events, a new pogition is
created - Chief Projects Manager or equivalent as shown in the figure :

GEMERAL MANAGER

CHIEF PROCESS CIVIL
PROJECT SETECH- & STRUC- MECHAMNICAL ELECTRICAL
WA NAGER NOLOGY TURMAL
ki e - i
h‘ e
k] v Y L

(c) Maftrix with Separate Project Engineering Functions

In the above two variants, we have visualised project manager's job as a compogite
one which included project engineering functions. In some organizations, it is not so
project engineering is a separate function under the engineering division. In such
ciganigations, we create another cgll of Project Engineering who operate as Deputy
Project Managers but control all other functions and act ag a focal point for all co-
ordination work with other engineering departments. A typical organisation chart is
ghown in the figure :
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10.11 ORGANISATION STRUCTURES IN TWENTY - FIRST
CENTURY

Horizontal lines of matrix organisation structure are profit centres; consequently
project management would offer the best opportunity for training future managers
and executives to be cost conscious and profit-otiented. Owing to increagin®
competition of global economy and rapid changes in technology and communication
network, there will be a shirt in favour of flat organisations by doing away with
several layers of functional managers. Project matrix structure is expected to
increagingly dominate the style of management in future. Project learna will be
responsible for the complete operations of existing products.

Ingreasing use of computers and information technology will further integrate
functional departments and "smart terminals will play major role in project control.
Top managers will be more directly involved in the control of total business
oganigations with the help of project managers who would span the middle level and
lead project teams to look after specific tasks of operational management.

Activity 2

Compare and contrast the matrix type of project organisation structure with the
traditional hierarchical structure where unity command' is the rule.

10.12 SUMMARY

Involvement of large number of personnel for execution of project heads to
gystematic formulation of crgenisation. Over a period of time a number of
departmentaliration have emerged. Advantages and disadvantages of hierarchical
organigation are discussed. A typical matrix, called grid organisation structure is
shown and discussed with respect to project. Both complexities emphasized in this
unit. Owing to increasing competition of global economy and rapid changes in
technology and communication network, there will a shift in favour of flat
organisations by doing away with sevetal layers of fimctional managets,

10.13 SELF-ASSESSMENT EXERCISES

1. 'What are the different organisation structures recommended for project
organisations what are their advantages and disadvantapes?

2. What is matrix organisation and what are the advantages of the organisation
design for project management?
3. What are the trends in organisation degign for die next century?

4, Compare and contrast product organisation structure with project erganisation
structure?

5. "Structure supports strategy" justify in the context of project management
enyironments,
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BLOCK 3 IMPLEMENTATION AND CONTROL

This block contains four units. The first unit (Unit 11) gives an in sight into the project imple-
mentation and control: An sitempt has been made to explain the sdvantage of integrating MIS
with planning, scheduling, reporting, reviewing and updating of projects. Effective cost contral
system is explained clearly along with project monitoring and reporting. Unit 12 explains the vital
role of material and equipment in praject implemention and control. Human being acts as a driver
in project implementation which is explained in unit 13, [t has been elaborated on vitalizing
project lerms, empowering project personnel and feed forward project control. Unit 14 explains
the easentin] aspects of fund and expenditure mansgement. Factors affecting the control of
project cost, PERT - Cost system, performance analysis spproach ete, are elsborated in this unit






UNIT 11 PROJECT MANAGEMENT
INFORMATION SYSTEM

Objectives
Study of this unit will enhance your understanding of :
& role of management information system (MIS) in implementation and control of

« vital role of feed back from events generated by project implementation for all
the phases of project management

¢ advantages of integrating MIS with planning, scheduling, reporting, reviewing
and updating of projects

+ productive role of MIS in evaluating impact of delays on future events and
triggering of corrective remedial measures

¢ appreciation of different types of reports and their frequency

¢ role of computers in accelerating compilation and trangmission of reports to aid
decision making at all levelz and in dizspersed locations,

Structore

11,1  Introduction

112  Objectives of Project Management Information System
11.3  Planning by Network Analysis

114 Cost Control Systems

11.5 Inmtegrated Project Management Information System
11.6  Project Monitoting and Reporting

11.7  System Automation and Computerisation

11.8 Summary

119  Self-Aszessment Exercises

11.10 Further Reading

11.1 INTRODUCTION

A project is typically an assignment that has identifiable start and finish and consists
of a series of discrete, finite tasks. Setting up an industry, building a house,
publighing a bock or introducing a new product are all example of projects. All of
them have identifiable beginnings, endings and are comprised of a series of finite
tasks. In contrast, maintaining a clean office, using a product or understanding a book
are not projects - they are continual and repeating processes with no predictable starts
ot finishes. Project Management offers methods and techniques for planning and
controlling projects. A good Project on time and at cost closest to the one originally
etwvisaged. Any delay in the implementation, delays the anticipated benefits which
were planned from the establishment of the project. In certain cases minor delays can
often result in major losses. Similarly, any increase in the project cost adversely
affects economic viability of the project. In the cases of large cost overruns, it may
not of the project. In the cases of large cost overruns, it may not be posgible to
arrange sufficient funds to complete the project in time causing unplanned delays in
the project implementation.

The three primary phases of project management are :

a) Planning : In this phase, you identify the general
requircments of a project, break it down into
discrete activities, determine the sequence and
interdependence of these activities, estimate
resource requirements and find the "Critical
Path".
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b} Scheduling : This phase overlaps with the planning phase.
You give actmal calendar dates to the activities
and determine the ovetall project dates.
Calculate the early and late start and finish times
for each activity of the project.

¢} Implementation and Control : The implementation phase which is also the
control phase begins once the project is
underway. Here you employ a variety of
techniques to achieve optimisation of resources
usage, monitor progress and cost, forecast
completion dates and overall project cost and
ensure that critical activities are completed on
time.
A major project encompasses numerous arcas and disciplines. Each operates a5 8
separate asutonomous unit. Integration iz the approach of bringing them together. It is
the key to effective project management, Project success is completely dependent on
adequate planning, direction, scheduling, monitering and control, These project
functions must be ¢losely bound together by an adequate information and control
gystem if project performance is 1o he adequately measured and controlled. For
efficient project operation, a single information and control system ghould be used,
not separate project and functional department cost control systems. The integrated
information and conttol systern should be compatible with the needs of the project
and the functional managers.

The success of timely implementation of projects depends on the availability of
essential information at appropriate time, Normally, the information needed at
different levels would depend on the hierarchical gtructure in a project, In large
projects, there could be three distinet levels, viz., the top or cerporate level, the
general or executive managemsnt level and the functional or operating management
level. The information needs of all these three levels are not the same. Therefore, the
information system has to be desighed in such a way that the needs of all these three
levels are adequately taken care of In a project, the information reports are basically
used for project monitoring and control with the idea to ensure that the projects are
executed gz per schedule and at minimum cost. The zocial cost of delay can be of'a
very high order and, therefore, the need for timely completion of the projects is of
paramount importance.,

11.2 OBJECTIVES OF PROJECT MANAGEMENT
INFORMATION SYSTEM

The project information/monitoring system would have to have the following
objectives.

== Record and report relevant information and the status of various components of the
project in auch 8 manner ag to bring the moat critical activities directly to the
attention of concerned managers at appropriate level.

-- Highlight deviations from the plan, if any, in respect of every component of the
project and also to indicate the effects of such deviations on the overall status and
completion of the project as a whole.

-- Form the basis of updating of project schedule wherever necessary,

-- Identify and repott on critical areas which are relevant to different levels of
management and to highlight the corrective action that needs to be taken

-- Sift the information and report on &n exception basis. In other words, emphasis is
focused on those activities that are not going according the plan,

-- Provide a basis for the evaluation of the performance of the functions of various
managers and departments by regular comparisons with budgets/plans/schedules.
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Mere physical progress reporting and monitoring does not ensure timely completion
of the project at the minimmum cost. Along with monitoring on physical status, another
parameter namely, value of work done and cost implication of delays in
commisgioning the project should also be monitored. For this purpose, the physical
progress of each activity hag to be converted into monetary terms, using unit rates
establivhed by appottioning the cost over all the activities.

In designing project management information system, the following have to be spelt

out clearly :

-- The objective of each format or report in brief.

== The distribution chart.

-- The periodicity of the reports.

-- The persons responsible for preparation of the reports,
-- The tinning of the reports.

-- The sources from which information has to be gathered in the preparation of
TepOorts.

11.3 PLANNING BY NETWORK ANALYSIS

The basic premise of the project network planning method is that a network can be
used to reasonably represent performance sexuence of a project. Complexitics of
modern projects have made network scheduling mandatory for adequate project
control. Expetience shows that total project duration detived by breaking project
down into discrete activities and basing each activity estimate on the planner’s
experience and historical data i valid and useful.

2) Resource Allocation

By using positive float available on non-critical path through the project, the project
planner can arrange a schedule of work that accomplishes the result in the same time
while smoothing or levelling the peaks and valleys in the resources to be consumed.

b} Work Breakdown Structure (WBS)

Project WBS breaks the total task into a logical series of smaller tasks, each of which
is chosen for size and scope to fit in with the management stcture of the project so
that it can be subject to efficient planning and execution. The WBS of a large
construction project is depicted in figure-1 {a) and 1 (b). It may be observed that
work package is a logical chosen to suit the requirement of engineering, planning,
contract adminigtration and cost control. Each 'work package caries a duration and
cost control.

The essentials of WBS are :

-- Work packages are related to organizational break down for effective control and
performance mearurement.

== Cost. estimater are built up by aggregating the cost of work packages following a
logical WBS of the project.

-- Work packages must be related logically to the code of account applicable to the
project to enable exercise of effective cost control function.

Actlvity 1

Timse is one of the most critical r access variable in projects. List down the
advantages of monitoring and controlling "time duration’ of projects.
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114 COST CONTROL SYSTEM Project Management and

Effectiveness of the project cost control system is largely dependent upon the
following :

a)}  Realistic estimation of cost at initial stages.

b}  Adequate provisions for contingencies at initial stages.

¢} Effective cost reporting gystem,

d}  Timely identification and implementation of effective cost control measures.
Realistic estimation of cost at initial stages practically' forms the back-bone of any
effective cost control system. Typical elements that affect estimate accuracy are
generally known and well documented in technical publications and elsewhere,
although their effect may be difficult to quantify.

Thete will be an element of tisk it a cost estimate for thers is no such thing ag an

"Accurate cost estimate”. What exactly contingencies are intended to cover should be
made perfectly clear.

The efficacy of the project cost control system. is largely dependent upon the cost
reporting system. Effective cost reporting system should not only incorporate
information on actual cash flows but also full information on commitments being
made or likely to be made by various responsible executives for the activities under
their control.

Periodic teview of estimated cost to completion (ECTC) is an essential feature of an
effective cost control system. ECTC for each package or activities according to
responsibility centres, should be compiled on the basis of actual commitments
entered into, likely commitment under, processing as well as anticipated
commitments fo completion of the pacakage/activity during every reporting cycle,
The ECTC for all the packages/activities comprising the total project scope will give
the latest estimated cost to completion for the project.

Adoption of best possible metheds for realistic estimation of cost, making adequate
provisicns for contingencies at initial stages ag well as” having appropriate cost
reporting system alone is not enough for controlling the project cost, [dentification of
problem areas and timely implementation of effective remedial measures only can
help in keeping the project cost in check,

Periodicity of project cost review should be established on the basis of the sbility of
the orgenization to furnish h information required for the cost reporting system as
well as the extent of delays that can be tolerated by the management in the
identification and implementation of cost control meany'es, In case it is practical to
install effective cost reporting gystem for weekly cost reporting, the same would be
ideal.' However, for a large organization, collection and compilation of reliable
information related to preject cost for various package/activitics for all on going
projects and forwarding the same to the Corporate Head-quarters becomes an
problem in the absence of effective chammels of communications. In such cases at
least a monthly review should be undertaken. Periodicity should certainly not be less
than once a quarter to be able to exercige any meaningfnl control on project cost.

Activity 2
Think of a procedure of cogt monitoring of projects which aims to support cost-
efficient design and enginecring.

11.5 INTEGRATED PROJECT MANAGEMENT
INFORMATION SYSTEM

Structurs of a typical integrated project management information system is depicted

in figure-2: It allows total project information to be structured into a mimber of data

gats which are integrated by the software. Some of the relevant datasets for a large
project are:
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-- Drawing dataget

-- Network dataset

-- Cost dataset

-- Material dataset

-- Vendor dataset

-- Job card dataset

-- Rates dataset

-- Resources dataset
-- History dataset, etc
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Fig, 11.2; Integrated Project Management System

Integration of these independent datagets through various processing modules enables

high control of projects. It permits :

-- Horizontal integration between disciplines, e.g., cost/schedule integration, or, cost
estimates, cost accounts and project schedule integration via Work Breakdown
Structure:

As illystrated in figure 11.3 availability of integrated performance reports to higher

management is thus possible,

-- Vertical integration. Data can be aggregated ("rolled up") to any required level to
produce desired summary reports.

Standard processing modules are available for all important project management

methods plus other modules for special requirsment.

8} Drawing Dataset it contains information on

--  Drawing number

--  Drawing description or title

--  Date drawn

--  Date first issued

==  Subsequent revision numbers and issue dates

--  Draughtsman’s name and his department

--  Schedule of quantities {standard material take off), ic.
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Management control ig exercised through queries such as

= Identify all drawings which are not yet approved.

=  Drawings which are due for issue in the next four weeks.

--  Listing of drawing for a specific area of the project.

By linking the Drawing Dataset with Network Dataset, anticipated drawing issue
dates can be compared with on-site required dates for various activities. Efficient

retention and easy access of information are the key to several record management
applications.
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Fig, 114 = Linking the preject nctwork to the cost datalase

163



Implementation and
Comtrol

b)

<}

Network Dataset : Vertical integration enables a project to be structured into
hierarchical networks, where a top level network may contain about 15Q to 200
activities and this ig driven by a second or third level network having many
more activities.

Progress information on lower level networks can be ‘rolled up' and
summarised to the management level network.

Key evenis or milegtones repotts highlight the deadlines:

Cost Dataset : This dataset contains details of each project cost account. This
is based on a defined work package with an identified manager and reflects the
logical WBS of the project discussed earlier. A large project could contain
several thou-sand records, usually stuctured so that the coat can he “rolled up'
to show the position on each section of the project and the overall pogition. The
fields of information nsually include.

Account code o cost code

Description of the work package

Person responsible

Budgeted provision

Actual cost of date of work completed

Cost forecast of residual works taking into account 'change orders', etc.

As a result of integration of cost data set with project schedule; effective cost control
is now possible. As shown in figure-11.4, dynamics of time/cost trade-off can be
examined in a more scientific manner after- assessing overall implications before a
final decision is made. Cost dataset in conjunction with current schedule can be uged
for cost forecasting.

d)

Mnuterial Dataset : It contains all the information on the materials required, the

dates when they are required, and the manufacturing location for each item. A
typical material management systern begins with material take-off(MTOQ) from
the drawings, covers the entire bidding, procurement, expediting and shipping
process, and extends through to site inventory control, Examples of specific
functions served by a material control system include

Material Register

Inventory Control

Delivety Analygis

Bulk order discounts
Purchase order

Material Quality Assurances

Typicel management queries from such & system relating to a specific area, such as
"expediting' would include :

Materials required at the site in the next 4 weeks.
Late materials only, grouped by vendor or manufachirer.
All materials expected ex-works this week,

Vendor Dataset : This provides a record for each supplier, his name, address,
telephone and telex numbers, the name of the usual person to contact and line

of business. The details of past performance will be included for use in vendor
rating and initial choice of vendor,

The terms and conditions of contract, ‘progress, payment schedule, histoty of
delivery and many other pieces of information about vendor can all be stored,
related and accessed. Because information relationship can be identified to
properly linked multiple datasets, data duplication is reduced: in the project
data base. For

164



example, the vendor's code is identified on the material package record in the
material dataset that is also linked to the vendor dataset which— contains
names, addresses and other pertinent information.

ff Job Card Dataset Job Card carries details of each job performed on the
project. "Typically, the job card level is directly below network planning in the
project hierarchy and facilitates day to day planning.

-~ Job Description
--  Budgeted amount

--  Planned start and finish dates
--  Resources required for executing the job

It includer procedurer for progress control and effectively provider the mechanism
for allocating Work, collecting project information and (via the relational data base)
updating the rest of the project systcms.

A large orpanisation engaged in a large number of power projects has evolved a
gystem of information reporting, covering the project as a whole and construction
activities separately. A last of 8 mode] reporting and monitoring system in line with
the system of the above company is indicated later in this chapter.

This very comprehensive and detailed system has been given only as a model as it
covers every area of Project Implementation. Each project has to, on the bagis of
nature of the project requirements and its management set up, design its own
information/ monitoring system. The underlined idea is that the information required
for corrective action should be available at the appropriate time. In addition to these
Teports, it would be more appropriate, to deliberate and take stock of the situation
periodically by having meetings with all the functional heads wherein critical
analyzis of the performance in all areas of the project management can be made and
decision on the course of action taken.

11.6 PROJECT MONITORING AND REPORTING

In order to keep track of the project's status and head off problems before they ocour,
it iz important to regularly report activity progress,
You report progress along the dimensionr applicable to the activity. For example,
certain activitics involving creative work can not be accurately assessed in terms of
physical percent completion. However, for certain; other activities you can easily
gauge dyration complete and remaining duration. By regularly reporting progress you
can anticipate the shifts in float and criticality that incvitably occur. An activity not
previously on the critical path might become critical if the start of its predecessor is
delayed. By the same token if an activity finishes sooner than expected, it may create
gome float for a previously critical activity. Thus reporting propress allows you to
anticipate regources shortages and schedule delays and with luck, to work around
them. After reporting progress against each date, yon should create a new schedule.
This schedule reflecting actual performance is referred to as a Current Schedule. You
compare your first set of current schedules to your target schedules. Then as the
project proceeds, establish new targets to compare to current schedules. In this way
you can always identify where the project is deviating from the goals you have
established,
2} Project Monitoring Reports
iy Overall Status Reports

1.  Monthly project status report

2.  Delay report assessment

3 Township progress report
ii} Value Reporis

4,  Format for contract cost allocation

5. Activity cost breakup
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6.  Record for compilation of value of work done
7.  Value of work done (project)
8 Summary of value of work done (site)
9.  Report on value of work done (gite)
10. Contract progress report
11. Project value report

fiiy Contracts
12, Schedule for contract activities
13. Schedule for mile-stones activities
14, Coniract package-wise activitics
15. Contract progress summary
16. Departmental performance summary
17. Contract progress summary
18. Delay report - contracts

iv) Coniractor's Works
18. Activities schedule - contractor’s waorks
20. Physical progress summary - contractor's works
21. Bulk material procurement progress
22. Delay report - contractor's works
21  Schedule activitics
24, Physical progress targets
25. Delay report-site
26, FPhysical progress report
27. Report on congtriction machinery deployed
28. Contractor’s manpower status report
29, Bulk material procutement progress
30. Daily critical activities progress report
31. Daily progress record
32. Daily progress report

v} infrastrocture
33. Schedule for site contracts
34, Bite contracts progress summary

35. Infre-structure progress report

36. Infra-structure progress summary
b} Management Reports
The fundamental principle on which the management reporting, structure is to be
built up is the "Exception basis of reporting”. The system must provide for
comparison of actual performance and expenditure with plans and budgets and an
analysis of deviations from plans reason-wise. To a large extent the reports should
highlight information for effective control on quantity, time and cost of activities
within a function. In certain areas like rejection of incoming material which are not
planned, the reporting would not be against budget or tarpets but in absolute terms:

The reporting system assumes a comprehensive system of performance budgeting
and activity planning. In designing the reporting systems the activities of the
undertaking have to be broken up functionally according to the cur cent and planned
otganisation sttucture and finthet into sub-functions depending on the nature. As far-
as possible the
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gystem should cover cach such sub-function. Each report could cover one of the sub-
function and analyse the performance

The forms should be degigned to print the actual resgults (for the period and
cumulative for the year) and comparigons with previous periods and with what was
planned {for the current period and cumulative for the year). All forms can provide a
remarks column for explanatory notes, overall remarks, and notes on extracrdinary
events which have a bearing on the period performance.

i}  Technical Services
1.  Status onproject engingering report
2.  Contracts status report
3.  Achievement of objectives report
iy Materials
Iventory status report
Inward rejection report
Material issued to contractors repott
Delays in procurements report
Delays in supplies report
Demurrage paid repott
iif) Construction Facilities
10. Construction equipment control report
11. Construction utilities control report
12. Mazeintenance report
13. Auto base control report
iv) Personnel
14. Manpower and recruitment report
15, Staffing report
16. Training and development report
17. Manpower cost report
18. Divisional menpower cost report
¥} Finance
19. Funds report
20. Loans utilisation report
21. Paymenis to contractors report
22. Cash flow report
23. Cash flow analysis repaort
24, Divisional cash flow report
25. Indi'ect expenses report
26. Indirect expenses analysis report
27. Divisional indirect expenses report
28, Divisional indirect expenses analysis report
29. Expenses control report.

A R I R

11.7 SYSTEM AUTOMATION AND COMPUTERISATION

Modern project control methods are most successful when automated, as has been
found necessary to handle today's very complex and large projects. Considerable

thought has to be given in the development of appropriate system to take care of
collections of reliable
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information, itg compilation, analysis and presentation of the same to various levels
of management according to their own requirement and spans of control. The system
will generally comprise of an extengive electronic data bank, development of detailed
reports for various users and identification of effective control measures at
appropriate levels which percolate down in time to be able to achieve their envisaged
objectives.

Activity 3

Computerization enjoys: quantification. List down some aspects of reporting on
vendors management which cannet be quantified but are rather important feedbacks
for project management.

11.8 SUMMARY

MIS forms the nervous system of the entire project. In can be clustered as the
monitoring of a patient in an intensive care centre oft a hospital, The various
components and levels of MIS sheuld be so designed as to aid decizion-making as we
proceed with project implementation. Projects involve very large matrix of
organisation. MIS design and administration should be able to provide the vital link
of communication and foster healthy competiion. In projects, techniques of
information iz extremely important- if information is 24 hours late, we call it a 'stale’
information, if it is 48 hours late, we call it a ruined' information and it is seven days
late, we call it ancient history”.

11.9 SELF-ASSESSMENT EXERCISES

1. Draw of ant MIS for a 4-storeyed brick and residential tuilding assuming that
there is a magnificant component of marbling, tiling and sanitary work.

2.  Design & simple reporting, format ‘which monitors conversion of purchaze
indents with orders. Assuming that no purchase indent shared be delayed more
than eight weeks, how would you incorporate it in the above report.

3. Comment an, "MIS is not new but computerisation of MIS has added new
dimengion to it."

4, MIS is a *feedforward’ rather than a 'feedback’ system in project management,
Justify.

5.  List down specific areas at a construction site where computers can be used for
effective project management.

11,10 FURTHER READINGS

1.  Daviz GB & Olson M.H., Management Information Systems, McGraw- Hill
International Editors

2.  McRae. TW, Management Information Systems- Selected Readings, Penguin.
3.  Basandara, S K., Computers for Management, Global Press, New Delhi.
4,  Kanter. J, Managing with Information, Prentice Hall of India, New Delhi.
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UNIT 12 MATERIAL AND EQUIPMENT

Objectives

Study of this unit will sharpen you:

¢ understanding of vital, role of materials and equipment in project implementation
and control

* Appreciation of how arrival of materials and equipment in the sequence of their
erection smooths congtruction without any holdup or hindrance

¢+ Comprehension of intimate relationship among artivals of materials and
equipment and their erection, testing and commissioning

¢+ Competence in planning, negotiating and administering contractz and enhance
your skills in achieving quality, cost and timely deliveries of projects,

Structure

121 Introduction

12.2 Importance of Materials and Equipment in Project Implementation and
Control

12.3  Financial Aspects of Materials and Equipment

124  Contracting of Materials and Equipment

12.5  Fail-Safe Management of Materialg and BEquipment
126 Summary

12.7  Self-Assessment Exercises

128  Further Readings

12.1 INTRODUCTION

Materials and equipment form the core of entire project. Berides, these are rather
expengive. Direct materials and equipment have to be pieced together like the various
cut pieces of a jigaaw prr7zle. Every machine or equipment may have components
procured from different suppliers spread across the countries or continents, These
must be ordered and delivered in a sequence that facilitates their erection and
commissioning a8 a composite plant which performs, the functions it wag degigned
for.

Even construction services have to synchronise with the availability of materials and
equipment - different agencies should harmonise like individual artists who execute
their piece of music to create a symphony.

In hard projects 81l engineering and technical functions aim to organise flow of
materials and equipment in 8 manner that leads to their uninterrupted implementation
and control,

12.2 IMPORTANCE OF MATERIALS AND EQUIPMENT
IN PROJECT IMPLEMENTATION AND CONTROL

Project construction involves civil works which require, materials like cement, stone,
sand, brick ete, and structural works which need rolled steel sections, plates, welding
machines, electrodes or welding rods etc. Mechanical equipment result from a large
number of manufacturing processes which require different types of materials,
consumables, tools, tackles and machines. Similarly, pipig, electrical and
instrumentation works entail a large array of materials, equipment etc.

For smooth management of construction jobs, it is essential that the requigite
materials, squipment and drawings/instruction reach construction sites on time, It is
easy to
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comprehend that it may be posgible to manage the project construction if drawings
are not available but it iz impossible to uild the project without the materials and
equipment which form the core of organisation's hardware.

Project implementation flounders if the materials and equipment do not arrive on
time or if they arrive in haphazard sequence or if they get damaged during
transportation to

contraction sites or after arrival there. Problems anise if there is faulty erection,
testing and commissicning damaging the costly equipment. The problems crop up
largely because most of these equipment are of specialised nature which are made to
order and their replacements are not easy to organise. Mature project organisations
have developed procedures which take care of all such eventualities. Nowhere the
following principles are more applicable as in project implementation and control of
materials and equipment ;-

1}  If anything can go wreng, it will
2}  If everything i going right, semething will wrong.

Effective management of matetials and equipment, therefore, plays an vital role in
enhancing our skills in project management.

Activity 1

A critical equipment was air-freighted to construction site to save time on its erection
and commissioning. On its receipt at site, it was discovered that the “foundation bolts'
for the equipment were neither desipned nor procured nor were they embedded in the
foundation cost. What are the lessons to be learnt?

12.3 FINANCIAL ASPECTS OF MATERIALS AND
EQUIPMENT

Project materials and equipment are expensive. For all major equipment, one has to
make advance payments immediately after the purchase crder has been placed.
Thereafter, progressive payments have to he made on delivery, on satisfactory
commissioning either by suppliers’ personnel or in their presence, Usually, such
contracts provide for a percentage of money to be retained by the purchaser which is
released back to him on the satisfactory completion of defect-liability period. Various
milestones linked with progressive payments should be defined cleatly and
unambiguously to preclude the posgibility of multiple interpretation.

Since tranzactions for materials and equipment are directly linked to money
payments, adequate care has to be taken at the stage of planning of these packages
ie., even before these are floated for chtaining competitive bids for contracting.
Projects cannot he implemented alone - a large number of suppliers and contractors
are required and have to be completed in specific timeframe, supplicrs and
contractors have to be viewed as our extended arms and resources. Purchase orders
negotiated and contracts awarded to them must be fair, equitable and rumenerative. If
these purchase orders or contracts are good for only one party, it would be the
germination ground for major conflicts. The approach in India of outwitting each
other has already snowballed into a grave situation a large number of contracts,
notably from government and public sector undertakings, are landing into arbitration.

At any rate, faulty contracts act ag major stumbling blocks to project implementation
leading to protracted delays and procrastination when everyone around is expecting
its commissioning and contributing to revenue generation.
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12.4 CONTRACTING FOR MATERIALS AND Material and Equipment
EQUIPMENT

Project require a large variety of materials and equipment for which purchase orders
have to be placed for supplics and contracts have to be negotiated for services.
Purchasing plays a major role in ensuring cur capability to achieve quality, cost
effectiveness and timely completion and delivery the three key critical success
factors.' In India, owing to feudal and bureaucratic systems inherited from colonial
regime, we have to discard and revige many of the termg and conditions of contract
and bring them in line with, if not better, the current practices in intemationally
funded contracts. FIDIC guidelines for model contracts provide comprehensive

A number of our public sector organisations who have been beneficiary of loan from
the World Bank, Asian Development Bank etc have already incorporated quite a
mumber of these practices in their contracts and are reaping the benefits but a large
number of organisations like Public Works Departments, Railways, Military
Engincering Services who have smothered project management in India, today are
struggling with nineteenth century tools in solving problems of almost twenty-first
century.

A large mumber of knowledgeable persons were surprised when a multi-billion
project in Europe which was congidered to be almost impossible to be executed
within set targets was completed on time. A survey conducted among the personmel
of various agencies connected with its implementation returmned the verdict in favour
of rather imaginative terms of payment evolved for the project. A number of
computers were installed at gite as a part of project implementation and control
systems and every week, representatives of contractors and clients would agree and
capture into the computers the quantities completed by them, Since the data on
agreed rates and schedules of work were already input the computers, it was possible
to work out the total value of works completed by all the construction companies on
the last working day of the month and consequently the total payment that became
due to their for the works completed duting the month.

All data on payments etc made to the parties was also entered into the computers and
the net amount payable to thern was worked out 90% was teletransferred to their
bank accounts on that day itself and remaming 10% was paid within seven days
thereof after crossing all the is and dotting sll the ig'".

Indian contracts notably from government organisations are totally one-sided - they
would define all the obligations of contractors in details but clines mejor obligation
viz., making periodic payments to their contractors is often not spelt out in any detail
or is kept blissfully vague. The ancient system of making payments through
measurement books (MBs) needs to be discarded without delay since although it is
not difficult to request the client's supervising enginects to record measd3d'ements of
work done, it is well high impossible to hold their hands to make these entries into
MBs - they are 8o used to greasing !

Good contracts ghould be based on a realistic appraisal of cash inflow and outflow of
the concerned contractors so that there is a reasonable return to thern: instead with the
tyranny of lowest * tender unleashed and clever manouvers to outwit each other, a

large mumber of contracts in government and public sector undertaking arc landing
into arbitration. It is being increasingly talked about in contractors circles that cne
cannot make money at the time of executing the project but only later when it is
arbitrated upon,

Contracting has three phases viz.,,

a) Contract Planning

b}  Contract Negotiations

¢} Contract Administration

Most companies tend to focus on the last two stages-contract negotiations and
administration; negotiations are conducted centrally and consequently , tole of
construction sites is reduced to contract administration only. Correct understanding of
project management
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would reveal that contract plarnming is like the foundation and conttact negotiation
and administration are the “superstructure’ of a building. The superstructure can be as
gtrong as the foundation to which little or no attention is given in conventional
contracts management.

a) Contracts Planning

Experience gained in executing past projects are a great source of leaming.
Unfortunately, persons engaged in contract administration are quite different from
those who negotiate the contracts and there is no regular communication among
them. As & regult, the leaming from past projects do not get reflected in future
contracts. Learning from past projects would highlight thoge terms and conditions of
the contract which are restrictive and unsatisfactory in resolving issues and require
rephrasing or rewriting. If these changes are not incorperated in the new contracis,
these would, once again, lead to :-

--  inadequate or ineffective communication between the contracting parties
--  defective, unsatisfactory or incomplete specifications

--  ambiguous contract language

-- lack of timely notice

--  cashflow problems resulting from one-gided terms of payment

However, for airiving at contracts that can be managed effectively, we must define
the followings clearly :-

i}y conceiving and specifying work packages

ii} ensuring timely availability of work fronts

iii} choosing among suitable and comparable parties
iv) obligations of both parties are reasonable

b} Contract Negotiation

In this phase the objective should be the highest utilization of rescurces, engineering
gkills, labour, materials, time and money such that both the parties receive maximum
benefit from the contract. A contract is not pood if it is good only for one party. If an
agreed contract is not capable of being executed by reagonable means, it will call for
unreasonable effort and resources to succeed. To ensure that contracts are negotiated
and executed within the realms of possible only and not transcend into probable state,

following aspects must be gone into:-

iy determining suitability of a party for a specific task at the time of floating the
tender.

ii} negotiating prices that are remunerative to the contractor
fiiy choosing contract language which is not subject to wrong interpretation
iv) cantious use of safety and protective clanses in the contracts

'We should always remember that gafety provisions by owners are construed as risk
clanses by the contractors. These are -

-~ indemnity

==  guarantees and liabilities

-~ liquidated damages

--  fime extengions

-~ termination

¢} Contract Administration

During execution, difficulties between contracting parties can arise as below :-
-  extra work including excess quantities of work

-~  deleted work including lower quantitics of work
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--  non-compliance with specifications
==  delayg in time schedules

--  late payments

--  taking over of completed works

--  watranties

==  coniract close out

As and when problems arise, these must be resolved by agreeing to procedures based
on the provisions of agreed contract. These procedures must cover checks and -hold
points, known and unknown deviations, non-compliance with contracts and dealing
with emergencies. Procedure for obtaining approval of higher authoritics must be laid
out in respect of the followings :-

iy  vale of individual variations

ii} aggregate value of all variations

iii) extension of time completion

iv) effect on design or operating costs

Resolution of conflicts must be done with speed and efforts should be directed

towards avoiding negative agpects of delays besides avoiding further delays. Thig can

ensue from an approach of constructive negotiations or proactive strategy to solve
problems before they blow up into major disputes. This is possible by :

--  reviewing the progress under the contract at regular intervals- estimated value
of the contract to complete balance work has a direet impact on the smooth
running of contracts or taking advance action

--  issuing promptly certificates of interim and final payment, provisional
completion certified, takeover certificates etc.

-~ Settling contractors claims expeditiously

--  providing comprehensive procedure for recording, approving, dispensing with
changes from the scope of contract.

Activity 2

Usually contract planning and contract negotiation stages are located in a control
project office and contract administration is done at remote construction sites. What
are the disadvantages of this distance gap?

12.5 FAIL-SAFE MANAGEMENT OF MATERIAL AND
EQUIPMENT

For want of a nail, a battle was lost. Projects can also get completely out of gear, if
any component of it is not engineered and indented in correct sequence so that it can
be procured and erected on time. In a large project involving a very reputed project
consultant when everyone thought that project was coming on time and would be
commigsioned shortly, it was suddenly discovered that a syatem, although small, was
missed out; some people had overlooked designing the system; consequently, the
materials and equipment required for it was neither indented nor procured nor
erected. This put off commissioning of the plant by nearly six months. As a result,
heavy investment made in erecting most of the main plant and utilities had to remain
idle until the materials and equipment for that small system were degigned, procured
and erected.

It is perhaps casy to understand the extreme importance of total quality management
environments for project work and the need to make everyone on the project loyal to
project procedures and documentation. Project teams have to learn to do the right

thing

173

Material and Fquipment



Implementation and
Control

right first time always. Experienced and mature project organisations operate-
procedures and systems such that all’ the items covered in thee scope of project at the
time of cost-estimating are designed and indented, all the items materials and
equipment indented are ordered on vendors and contractors, all items ordered are
infact delivered to site in good conditions (if anything is damaged enroute,
replacement or altemnate golutions are worked out and implemented) and lastly, all
materials received at site are properly tagged before storage and erected at the
designated positions, If there is any one weak link in the long chain, it would make
the entire project vulnerable. There is just not time available later to correct the
mistake as any slip would have major consequences on project parameters of time
and cost. Organisations which donor have stable systems, work by fits and starts lead
to situations that result in impairment of quality and higher levels of inter-personal
conflicts.

A large mumber of projects get delayed in execution because the requigite materials
and equipment do not arrive on time upsetting the construction tempo, momentum
and schedule which has a catastrophic effect on time cost and performance
parameters. These types of delays lead to tantrum in working’, frayed termpers and
inter-personal conflicts. A fail-safe procedure for ensuring against these pitfalls
would invelve additional checks and balances in specified formats, at specified
intervals go that project is completed on time, within budgeted costs.

Activity 3

Think of a basic document in project wotk o that it can be adopted ag the basis for
defining the ' scope' of the Project.

12.6 SUMMARY

Materials form the kernel of project management, we design materials & equipment,
we procute materials, equipment & services for erecting them and then we asgemble
these materials and equipment in a predesigned sequence to convert them into a
vigble, operable plant after duly testing and commissioning thege equipments. Any
glippage or gap in designing, procurement or erection of these materials and
equipment can be very costly and can impact very adversely on the profitability of
projects.

12.7 SELF-ASSESSMENT EXERCISES

1.  Whatis the role of project cost-estimates in defining the total scope of a
project?

2. 'Contract Planning' phase of project is often compared with constructing the
foundations of a building - building will be as strong or as weak as its

foundation. Justify.

3.  Describe the advantages and disadvantages of locating project procurement
functions at a congtruction site,

4.  What is the role of progressing and expediting vendor supplies in project
management.

12,8 FURTHER READINGS

1.  Donald W Dobler & Darid N Burt, Purchasing and Supply Management - Text
and Cases, Tata McGraw Hill.

2,  Gopalakrishnan, P, and Sundaresan, M., Materials Management - An
Integrated Approach, Practice Hall of India.

3. World Besut and UNDP Guidelines on Contracis.
4, FIDIC Guidelines on Contracis.

5.  Fearon, HE., Dobler WE & Killen KH, The Purchasing Hand book, McGraw
Hill, New York.
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UNIT 13 HUMAN RESOURCES

Objectives
Perusal of thig unit will enable you to understand :

¢ the pervasiveness of planning and control processes

¢ human aspect of implementation

+ methodology of "driver’ in project wotk

= project control bazed on feedforward rather than feedback
Structure

13.1 Introduction

132  Schematic of Planning and Control
133  Project Implementation

134  Concept of Project Driver'

13.5 Directing Individuals and Teams
13.6 Reinforcement of Commitment and Excitement
3.7 Informing Bveryone on the Project
13.8  Vitalizing Project Teams

139 Empowering Project Personnel
13.10 Risk Taking and Creativity

13.11 Feedforward Project Control
13.12 Summary

13.13 Self Assesgment Exercises

13.14 Further Readings

13.1 INTRODUCTION

Project management can he viewed as a process comprising of two distinct phases -
planning and control. They are the Siamese twins of project management. Good
planning systems provide the comprehensive framework for good monitoring and
control; conversely, good control procedures would generate sufficient and reliable
data for better planning of new projects or even replanning of the existing projects.

13.2 SCHEMATIC OF PLANNING AND CONTROL

Managing projects with the help of network analysis provides a comprehensive and
integrated technique of planning and control. Fig below illustrates the relationghip
between these two aspects;

Dhata for Mew Plans
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Planning Tmpiemenation F—# Controlling | Deviation from
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Manager

If we do not wigh to control, the very need of planning can be questioned. Also
controlling without planning is meaningless.
13.3 PROJECT IMPLEMENTATION

Project planning encompasser not only what is to be done but also 'when is it to be
done It is synonym to decision making which is normally followed by action and
implementation, Do all plans get implemented automatically and achieve their
objectives? Do they achieve the core purpose for which they were drawn up in the
first place. Sigmund Freud had said that everything that you and I do springs from
two motives - the sex urge and the desire to be great. Whereas the first motive has
been extensively employed and exploited commercially, not much attention has been
given to the second. We have digcussed in Unit 8 the need for .satisfying thiz basic
hunger of all the human beinps - craving to feel important. Managers can incorporate
thix i their style of decision-making and become more gsubordinate otiented ag
ghown in the Fig.

Boss-Otiznled Decision
Makimp

Subordinate-Oriented
Dievision-haking

Manager _ Manager bdanager Manager Munager | Manager | Manaper
Makes Decixians | Sells Dresents Presents Presents D2 fines Permits
And Asnownces | Decision Tdeas & Teéntative | Problems & | Limits & | Subordinates
[ [mvites Decision gats Suppes. | Asks Group| Te Funclion
Suggestions | That are | fions Befora| To take Wirhin 1he
Subject to | Taking Drcgision Limits
Changs Decisions Deafined
Tulls Szll= Talks Consults Jovims

If decision-making ig left to the group within broad parameters, it hag the highest
chance of implementation, When manager joins the subondinates, it gets them
together inbo a team. The team spirit propels plans towards better accomplishment
and enhances achieve-ability because everyone on the project works more
effectively, efficiently and enthusiastically.

Activity 1

Think and describe the advantages of management by consensus over autocratic
management.

13.4 CONCEPT OF PROJECT ‘DRIVER’

‘We may be able to carly out an indepth analysis of the project and understand the
contowrs of the project. We may draw up comprehensive milestones and other salient
features of the route mayp of implementation. However, to etisurs that projects are
implemented within schedules and budpets and ensuring achievement of project
performance parameters without any major conflicts, we may have to ensure that the
project personnel are fine-timed to work, as a learn. Methodology of "driver'
facilitates this to a great extent. It involves the following six strategies :

1} D - Directing individuals and teams

2) R - Reinforcing commitment and excitement
3} I - Informing everyone on the project

4) v - Vitalizing teamwork

5} E - Empowering at all levels

6) R - Risk taking and creativity
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13.5 DIRECTING INDIVIDUALS AND TEAMS Humsan Resources

Projeciz cannot be implemented alone; we need collaborators and supporters. To
gecure willing co-operation of' personmnel, we have to know them - their strength and
weaknesses, their- prides and prejudices, their personality traits etc. Before you can
underztand others, you have to know your ownself - 'know thyself and you begin to
understand others',

Nobody is stupid in this world. Even when people act stupid in the eyes of others,
they are convinced that they are doing the tight thing. A lowly clerk or a peon may be
enpaged in doing something which supports the projects only partially. However,
when it comes o doing something to secure his personal goals, the same person
works like a motivated individual. Everyone, therefore, is motivated - 8 few might be
motivated to achieve project goals while others sught be motivated to accomplish
personal goals. Challenge before the managers is how to modify their attitudes and
re-orient their mindsets so that they work single-mindedly towards achieving the
project poals.

For managers to be effective leaders, they have to know their colleagues and subordi-
nates with open mind and without biag or prejudice. People branded as high
performers generally perform better- than those not so labeled. Similarly, bright
gtudents continue to do betler in studies even though there may be other more
intelligent students in the class. Researches have confirmed thet in the same way,
people branded as “lazy’, perform low ar if to retain their image Managers are,
therefore, advised to look at people differently and not in set grooves.

Imovative and human approach by many managers has resulted in uncovering good
people who started perforating better. We all look alike but we have different tastes -
gome like it hot, some like it sweet while others like it cold or sour or saltish. Further,
everyone wants love and affection but our individual responses vary widely - some
are extrovert and become friendly quickly, others take & long tin®e io become
friendly. Some are \friendly but would like to be & litfle distant too. Managers have to
know every employee and there are no identical methodr of directing individuals and
teams of all shades and opinions. We are all equal but still quite unequal “there is
nothing g0 unequal but the equal treatment of unequals”. Rules of organigations tend
to be uniform for all employees; however; treatment to their has to be different and
varying and we must accept this uniqueness of individuals.

Each individual must be encowraged to petfortn in a way that suits hig style 2o that lie
can, at the end of the day, stand in front of mirror and look into the eyes of his
“image' and gay to himself that he has done hir best in achieving the project goals.

13.6 REINFORCEMENT OF COMMITMENT AND
EXCITEMENT

‘We need people who are behind the project instead of being in front of it acting as
roadblocks. People should be involved and interested in the project. A committed
person can be the fountainhead of immeasurable amount of, energy. Each and every
person can the project should feel that he is executing an important job. All mature
project organisations are convinced that “kick—off conference at the beginning of the
project execution goes a long way in bringing about congensus on project goals,
agreements on departmental objectives and deliverables by sper.:mlmt functions,
resolution of administrative and co-ordination prooedures, assigning job
responsibilities with no gaps or overlaps and even agreeing to procedures to be
followed for resolving conflicts,

Project management teams are unique in the sense that project managets are expected
1o lead individuals nominated by specialist departments, on adhoc basis, to complete
the project. As a rule, project managets do not have any line authotity on the
personnel.

Through continued interaction with team personnel, project managers have to
necessarily develop a participatory approach wherein every individual member of the
team contributes and participates in evolving the project goals and departmental
objectives.
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Description of the project goals should be as focused as the “goal posts’ in a football
game. If goals are gpecific, measurable, agreed, realistic and time-framed, it leads to
creating & shared vision amongst project personnel. Only then they perform like
football players who would dribble the ball, once a while sidewards enly to kick it
towards the goal post of the opponent- despite continuous opposition from the other
team.

The approach is to have frequent meetings and discussions, after the formal two or
three day "ldek-off” conference, to achieve clarity of putpose, consensus, strong
organisational values and measurable standards of performance.

Man is a unique living being - it has a *head' that thinks -id a “heat’ that beats,
Whatever we do should not only “appeal to the mind but also “tickle’ the heart, We

must create conditions during project execution that excite the heart. This can be
done in the following ways:

iy  create a few challenging jobs, assign individuals so that they can get the
satisfaction in achieving those jobs successfully.

iiy Increase visibility of your subordinates by allowing them to interact directly
with senior personnel

iii) Spread good word about your staff who have performed well - thiz will beckon
them to take on more challenges confidently.

iv) Delegate power and authority and encourage them to exercise the same. Even if
they are not swimmers, push them into the swimming pool - they would
invariably swan to safety

v}  Acknowledge good performance publicity and immediately after it has been
noticed.

vi} Praisc (and not flattery) is the cheapest tool of management. Use it judiciously.
Criticism has rarely helped and if it has to be administered, do it as a sandwich
between two layers of praise so as to prepare individuals to receive
‘counselling' in the right spirit.

If we follow the above approach, we can reinforce commitment and excitement of

project personnel Researches have confirmed that even in North America, average

tapping of individualz potential is no more that 30 %. In India, it is likely to be
around 20 % Imagine the human energy that can be harnessed by increasing this to
say 60 % - it will mean threefold increase in productivity. Let us begin to tap this vast
reservoir.' of encrgy,

Activity 2

More we discuss and debate the project goals and schedules for achieving them with

every-one connected with the project, higher is his commitment and involvement,
Elaborate,

13.7 INFORMING EVERYONE ON THE PROJECT

In business and industry, nobody like surprises and shocks. It is one of the bounden
duties of project manager to inform everyone of what is happening on the project. If
we keep cur top management posted of the progress of execution, major problems
and how they are being solved, we can secure their support if we land into any major
problem, If they are caught unaware, congiderable time will be lost in recrimination
and procragtination. It is equally important to keep subordinates informed - they
should not only be told "what is to be done' but also “why it is to be done'. It ensures
their continued interest in the project.

Informing iz & form of communication - written, oral and non-verbal: To ensure
effective communication, we should adopt the following rules :-

iy Communicators must focus on the receiver wherever he is. It is more important
that
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the message ig clear to the receiver. "Gift wrap whatever you want to say ot
write' -you must market the message such that receiver finds it easy to fune
with you.

fiy Message must highlight the needs and interest of the important who must be
made aware of why the message is important to him. It should aim to do
“benefit selling’ to the receiver.

iii) Good project performance does not mean just achieving the final goal'. We
have to perform well on &ll the steps from start to finish. Regular monitoring
and reporting and feedback communication of performance in practice is the
key to avoiding communication problems. .

iv) Commumicate asgertively, not aggressively or be submissive when informing.
A typical matrix of different styles of communication is

Your Style Other's Style Effect of communication
Aggressive Submissive You are heard
Submissive Aggressive Others are heard
Assertive Asgertive Both hearing each other

There are four possible outcomes:

--  If you are aggressive and the other petson is submissive, your idea will get
adopted

--  Ifyou are submissive and the other person is' aggressive, his idea will be
accepted

--  Ifboth are assertive, both are listening to each other which is a good thing, it
may lead to a compromise which is 2 happy mix of both the ideas.

--  Since they are listening to each other, a totally new idea, not thought of before
by either may emerge.

Uzually thix alternative is most tewarding - "Two heads are always better than one'.

v)  We should be good licteners. Managers must practise this style of
communication. Tests confirm that we retain only about 25 % o information
received. No good idea has ever entered the head of a person with an open
mouth. Listening ig a8 good management gkill and must be cultivated
assiduously.

vi} Providing feedback iz an integral part of good communication, Communication
remains a mere transmission of message if there is no feedback. In projects, we
must introduce “say-back rule’. It facilitates proper communication. This
improves project personnels skill in being a better listener and a better sender
of message.

Human Rescurces

13.8 VITALIZING PROJECT TEAMS

Disagreements and conflicts in projects are net only unavoidable but also quite
desirable. Conflicts ensure, continued interest and commitment; they encourage novel
and integrative solutions.

Conflicts are born out of "caring'; people would not fight about issues they do not
care about. Energy is created by conflicts, It is common observation that when people
are in conflict, it unleashes people's imagination. Conflict, by itgelf, is neither good
nor bad; it is the outcome of conflict which may be good or bad, functional or
harmful, positive or negative. Conflict 18 a process which mmst be managed and not
eliminated. Conflicts can occur during the various phases of the life cycle of a project

VizZ.,
i} InFormative Phase - regarding schedules, costs, prioritics, staffing ete.

ii} In early project Build-up Phase -regarding scheduling, priorities; staffing,
technical issues etc.

iii}y Inmain project Implementation Phase - revolving around scheduling,
forecasting, thinking ahead, informing everyvone ete, about changes.
iv) BEnd of the Project (conversion) Phase - pertaining to costs, schedules ete.
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Negotinting Conflicts
Apreements on conflicts can be reached by :
== giving in to the other perzon

--  smoothing disagreements

--  suppressing points of contention

-=  gplitting the differences

--  finding common ground to bargain and negotiate

People tend to use logic and reasoning in trying to resolve the conflict, Since conflict

is an emotional owtburst, it cannot be solved by cold-blooded logic and analysis,

Usually conflicts are resolved through negotiations wherein the objective is

gatisfaction of both the parties. Satisfaction is an emotional and not a logical

experience. Following techniques help a successful negotiator of conflicts :

iy  Be direct - act rather than react

ii} Clarify by asking leading questions

iii) Awvoid arguments which are emotionsl; conflicts can seldom be solved with
logic and facts.

iv} Simcerity to the perception of others and not logic is vital and approach of
“what appears reasonable to you, is reasonable to me' can pacify emotions,

v}  Nobody can read your mind nor you can read other's mind, Assertive
expression of needs and interests ete move negotiations along,

vi) Persist in stating your needs and interests and do not let other persons off
easily. This helps in building arcas of common ground and enlarge it by
enabling other person to say "yes',

vii) Justifications make the case weak; do not justify. It is better to be assertive and
back your data by facts and figures.

viii) Focus on issues and not on persons. Do not push the other person into comer; if
cornered, he would either fight or flee.

ix) Basic approach is to satisfy both parties. Inflate trial balloons and float them
for arriving at agreementr.

x}  Whenever poasible, involve other people in resolving the conflicts. People
involved ir shaping agreements to resolve conflicts are likely to follow through
the implementation of agreement and aveid/minimize further conflict.

Project organisations have discovered that two or three days “kick-off conference at
the beginning of the project gocs a long way in laying the foundation for relatively
conflict free project management. In this conferemce, in addition to arriving ata
consensus through participatory approach, even procedures to be followed for
resolving conflicts can he established. This aspect has been researched considerably
and recent findings have confirmed the following :

Successful Projec Unsucesssful Project

Cﬂmp]e;liun Time

— ¥ Levels of Conflict
Stariing Time

— Tim
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Successiul projects start with highet level of conflict. There iz a perceptible fall in Human Resources
level and no of conflicts at the time of commissioning and handing over. A slight rise

in the initial stages arises from the efforts at uncovering possible areas of conflict

during the "kick-off stage and a slight upward trend at the end is almost unavoidable

when plant is handed over to operation personnel or end users.

Unsuecessful projects, in sharp contrast, show low level of conflict in the initial

gtages and when the project is nearly ready for handing over, level of conflict iz at the

peak, leading to frayed tempers, loss of energy and effort and delays in completion at

a time when everyone is anxiously looking forward to project's successful completion

go that it can start generating some revenue.

Actlvity 3
Unsuccessful projects are marked with high levels of dysfunctional conflicts nearet
the commissioning time. [lustrate with examples.

13.9 EMPOWERING PROJECT PERSONNEL

Power implies ability to make something happen. Everybody wants more power. Few
admit they have enough of it. At all levels, people feel that their situation would have
been better if they had more *power is also a great motivator. Broadly, there are two
types of power viz.,
2} Fosltional Power : It is the power associated with authority emanating from
hierarchical location. It can be :
i} Ligitimate Power
This is institutional power or formal authority and it emanates from the
belief that boss has the legitimate right to request certain actions and we
have to comply.
ii}y Reward Power

It iz based on the perception that the person has the ability to reward or
grant resources we desire.

iii) Coercive Power

It is based on the understanding that the person can punish or withhold
reward from us.

b}  Personal Power : It i the personal competence - dkills and abilities possessed
by individuals and travels with him. Since project managers ususlly do not
have any hierarchical power, they have to resort to 'personal power’ and rarely
on “positional power'. Personal power covers following two aspects
) Referent Power

It originates from the belief that by poing along with a person's request
will facilitate inter-personal relationship and foster mutual respect.

ify ExpertPower
It is baged on the perception that other person has special knowledge or
relevant informatien for problems on hand.
Exercising Positional Power

There is always a limit to using positional power. How often we cannot give raise or
promotion to 2 petson nor we can ack him. Legitimate power has also a limited
scope as we cannot invoke rules every time we request a subordinate.

It is rather rare to find ideal conditions for exercising reward power, Besides, in their
earnestness to secure reward, people tend to take short cuts. Any reward scheme,
after some time, becomes dysfunctional and there is resistance and resentment. It is
always
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better to focus on intringic nesds tike recognition, self-esteern and oppottumities for
growth it helps win supporters; you are liked and respected.

If coercive powet is used there is no chance of securing commitment from
employees; even willing compliance is difficult to achieve. Strategies for “posgitive’
discipline rather than "punitive’ approach helps in enforcing discipline. However,
there is one exception to thig tule - coercion is most appropriate in the case of theft,
violation of safety rules or insubordination.

Exercising Personal FPower

There is no limit to the amount of persenal power one can possess. Project managers
use their personal power as a routing. When one is respected and admired the way
you treat people, show concern for their needs and feelings, deal with each person or”
stand for the group by setting a personal example, one can enjoy a lot of personal
POWeET.

Referent Power calls for a lot of sincerity and commitment. It can be built over a
period of time.

Reparding expert power, it is not enough to be an expert; others must recognize you
as cne, Others st be made aware of your background, experience and
accomplishment. Recognizing others' contribution, respecting their ideas and
incorporating them into action leading to their perception of your expertise, is better.
Prognosis of Power

Power is dynamic. It is not a fixed sum of commaodity; it ia virtually infinite in its
potential. It expands with use and makes people feel stronger and richer,

Researches have continued that in the same company, one department may be
effective owing to the key factor of how the boss exercises “his power and its
distribution’. High performing departments share power ; everyone- in the department
feels that they are responsible for its effectiveness.

Laggard departments have managers who hoard power; who believe that sharing
power would reduce their authority. On the contrary, more power- you distribute
smong your subordinates, more powerful you become. When people feel they have

power, productivity improves.

13.1¢ RISK TAKING AND CREATIVITY

Business demands innovation. Every organisation has to innovate if it has to remain
competitive. Organisations must encourage risk-taking and creativity. Unfortunately,
there are many roadblocks to creativity - anxiety, fear, defensiveness etc, If we are
prepared to accept failures, we can promote risk taking and creativity. Thomas
Edison had said, '] failed my way to success'. A highly centralised and unstable
organisation breeds anxiety and inhibits creativity and innovation.

You are allowed to make mistakes but you must not repeat them. You must learn
from experienice; only then failures will become pillars to success.

Creativity is an unprogrammed activity. Everyone collects data, excepts or. other
useful information without any specific task on hand but with the hope that he would
be able to use it at a future date. This is, in management parlance, known as "bootleg
research’. Companies who encourage innovation; expect their engineers and scientists
1o spend about 15 % of their working time on such non-programmed activity.
Japanege have a glogan, "A Kaizen a day’.

Facilitating Creativity

Although intrinsic reward of satisfaction and feeling of accomplishment are powerful
stimulators for innovators; they also need and respond to “recognition, reward and
praise’. World's masterpieces in painting, music, sculptory ete have been produced
when these -artists were commissionsd te do them. Numerous innovations during
wat gituations confirm that time pressures can be productive.
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Erpregsions about a problem tend to be erroneous and if followed, can send the Human Resources
organization on a wild goose chage, Usually, ideas in problem solving are not new - it

is the different way of adopting the existing idea which is new. What we think as. a

break-through' regearch is usually a logical culmination of efforts of researches.

Working together as a team, communicating asgertively, listening to others and being
flexible instead of stereotype, parmit looking at problems differently. Every problem
has a solution; identifying the problem is half way to solution. Henty Ford had said
that if a large problem is split into small parts, it becomes easy. Network Analyzis
does just that to large and daunting projects. Besides, since these are time-framed, in
the event of delays or unforeseen problem, it provides the framework for creating
challenges while back-tracking the project to its original schedule and calls for
considerable risk-taking and creativity.

13.11 FEEDFORWARD PROJECT CONTROL

There is an inevitable time lag in the process of management control because causes
of deviations have to be identified and prograrnme hag to be drawn up before these
be-comes actionable, It is, therefore, desitable to have the control directed towards
future. For example, data received from accounting cannet gerve the purpose of
taking decigions about future, If the data telly managers in February about money lost
in January about decigions taken in November, it is interesting but historicel. Since
we are heavily dependent upon accounting and other statistical data about the past,
we are not able to inatitute future~directed control or what ig known as feedforward
control.

This should be similar to information generated by the dashboard instruments in an
aircraft. Readings of various parameters of flight and understanding the gyration of
their movements enables pilots to snake necessary adjustments and correction so that
the aircraft arrives its destination as per the schedule.

Project management by network analysis also provides 'the framework for all future
milestones and facilitates detection of carly warningg of deviations and taking
corrective measures.

Feedforward in Human Beings

We come across a number of examples of feedforward control among human beings
slowing down of vehicles by eaging the accelerator when the driver sees the crowd or
when he sees the school children crossing the road. Also when drivers are negotiating
the climb, they would automatically press on the accelerator so that speed is
maintained. Similarly, we always shoot a little ahead of a moving bird.

Feedback v Feedforward Syytems
The nature of feedback system can be eagily compared with feedforward system as
ghown in the Fig.
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The significant difference i that feedback in the feedforward system ig at the input
gtage itself so that corrections can be made in the systern well before the output is
affected. However, existing feedback control would also continue as managers are
interested in knowing whether output is as per the desired values.

Feedforward system of control is operable whenever we are able to forecast
reasonably accurately. Using the latest available information and making forecastz
more promiging, proactive actions can be taken so that corrections are introduced
before the damage occurs.

In project management, it is possible to take proactive corrective actions, the moment
we have an early signal that the next milestone is not likely to be achisved by the due
date. Through the process of regular monitoring, we are able to discern early warning
of unforeseen happenings. This helps project team to prepare for those eventualities
and work out alternative action plans before the happening.

Management Information System for project work aims at identifying areas of
weakness or ignorance and making everyone aware of it by keeping them informed.
It promotes “anticipation’ of problems by giving early warning of possible threats.
And the best mode of tackling a problem is to anticipate it and then solve it in good
time.

13.12 SUMMARY

Human resource must be recognised as the most resourcefil resource in management,
particularly in project management where teamwork is the. key to everything. Mature
project organisaticns focus a great deal on developing self directed work teams, Once
they are is place, projects are likely to be accomplished within agreed time schedules,
conforming to approved cost budgets without compromising an quality and free of
any major dysfunctional inter-personal conflict.

13.13 SELF-ASSESSMENT EXERCISES

1. A good team-work speeds up project implementation justify,

2.  Developing self directed project teams is the key to improving effectiveness in
project management. Elucidate.

3.  Describe the art and science of conflict resolution.
4.  Explain how managing creativity and risk-taking go hand in hand.
5.  Lean and virtual organisations cannot fimction without empowerment. Explain.

13.14 FURTHER READINGS
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4,  Bhasin, ML, Managing People Effectively, Global Business Press, New Delhi.

184



UNIT 14 FINANCIAL ASPECTS

Objectives

After studying this unit, you should be able to understand, in the context of project

execution:

s the features required in the accounting systems the essential aspects of fund and
expenditure management

¢ the concept of control, and the factors that affect project costs

e the PERT-COST system and variance/performance analyses of a project for cost
and performance control

« the significance & use of S-curves.
Structure

141 Introduction

142  Accounting System

143  Implementing the Financing Plan

144  Authorisation of Expenditure

14,5  The Concept of Control

14.6  Factors affecting Contrel of Project Cost
14,7 The PERT-COST System

148  Project Control Curves {or S Curves)
149  Variance Analysis Approach to Cost Control
14.10 The Performance Analysis Approach
14.11 Integrated Cost/Schedule Graph

14,12 Summary

14.13 Self Assevsment Exercizes

14,14 Further Readings

14.1 INTRODUCTION

In previous units we have studied sbout planning for projects, including planning for
their vanous agpects. We have also studied about the sources of finance available for
project implementation and the methodologies for their procurement. In this unit we
will examing igsues to be kept in mind while actually procuring funds and while
using them

142 ACCOUNTING SYSTEM

A good accounting system is a sine-qua-non for the success of any organised
business activity. It is no less so for project management which involves execution of
diverse and complex tasks in a tight time-frame through the involvement of a number
of persons and agencics. The accounting system has to be designed to particularly
meet the requirements unique to each project. The classification of receipts and
expenditures must be structured inte "head of accounts” in guch a manner that
financial information sought by various entities - internal and external - may be
readily and economically compiled.

In go far as implementation of the financing plan for a project is concerned, only a
few heads of account would be relevant: These usually relate to Capital {equity and
preference ghares, loans and debentures, ete.), Discount or Premium on shares,
Brokers' Commission, Preliminary Expenses: and Bank Accounts, However, when
we consider
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physical aspects of the project, a number of other account heads shall be needed to
allow for proper categoriration of the expendituresa incurred. All there are context-
dependent and have to be carefully planned by the owner in the beginning itself,
Introducing changes in mid-stream is in-advisable, being both cumbersome and likely
to affect normal pace of work.,

Some typical broad heads of account used in this area are given below. Some of these
may be combined or even broken down further into suitable categories as required.
Land

Plant & equipment

Vehicles

Furniture & Fittings ete.,

Depreciation for asset accounts

Capital Works-in-Progress

Preliminary Expenses

Loang and Advances granted

Cash and Bank balances

Current Liability heads

Deferred Revenue expenditure

In case a project is implemented through a "turn-key" contractor who would hand
over the completed project against payments released to him as per agreement, the
owner's accounting system naturally becomes simpler. The burden of control then
largely shifls to the contractor.

At this stage of project management some basic poinis relating to the accounting
procedure are relevant :

First, In 8o far a8 requirements under the Companies act are concerned, no profit and
loas account need be prepared unless a project ia completed and starts incurring
"revenmue expenditure”. The balance sheet has however to be preparcd and shall show
the balances under above-mentioned heads of account.

Second, the cost of acquisition of a capital asset would include all expenditures
which are incurred for bringing the asset into productive existence. This would cover
the basis procurement cogt inclusive of taxes, freight and insurance, and all costs of
erection and supervision. Thus, basically, all project-related expenditure on
equipments, materisls supplies, salaries, wages, transportation, interest, power, water
etc. incurred during the implementation stage is capital expenditure and has to be
charged to either gpecific asset accounts or to the works-in-progress account.

Third, the accounting system must ensure that all relevant expenditure data are
captured and compiled speedily, accurately, and at a reasonable cost. No type of
expenditure trangaction should be allowed to go unreported, particularly advance
payments and adjustment transactions. Accumulation of costs on the Work
Breakdown Structure (WBS) would go a long way in integrating cost and
performance management. As you know, WBS breaks down a project (ora
programme comprising several projects) into smaller, measurable, and managerially
useful constituents having well defined scope. These are 80 woven into a logical tree-
hierarchy that the elements at any level are fairly independent and combined together
yield the more meaningful higher level constituent useful for controlling performance
as well as costs. A simple WBS could, for example, be organised as follows.

Project

|

Task |

Sub-Task l

| ] 1

Activaty
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The various work elements and the heads of accounts (a.k.a. codes of accounts) Financial Aspecta
should have a clear logical relaticnship to facilitate budgetary and output controls. In

fact, propetly designed WBS and Accounts Code structure can immensely enhance a

management's capability by enabling it to speedily utilize past or present data from

one set of projects for improved formulation or control of others, for evaluation of

bids, or even for making bids. Needless to say, the coding structure needs to be

designed keeping the operating environment and users in mind. It may for example

differ considerably (especially in tetm of the degree of sophistication) in manual

versus computerised environments.

14.3 IMPLEMENTING THE FINANCING PLAN

In Unit 9 we learnt how the financial requirements of a project are determined and
sppropriate sources tied up. When giving effect to the financing plan, the project's
finance manager must keep in mind the following bagic tenets:

8}  Procurement of funds involves certain costs in the form of cash cutflows.

b}  Idle funds always incur direct or indirect (opportunity) costs, which grow with
time at a compounded rate.

¢}  Deployment of funds into productive avenues is the only way to counter the
costs mentioned at "b" above.

d) Varying amounts of cash must be readily available to meet different liabilities
as the project progresses. Failures may give rise to their own costs in the form
of interest payments, demurrage, penalties, drop in quality, delay in completion
of (and hence in eamings from) the project, and various missed opportunities.

‘What it all amounts to is that requirements of thuds must be matched as closely as

possible with the availability of the lowest-possible-cost finds, ever the entire

duration of the project, and idle funds should be kept to the minimum. This makes it
imperative that the project's cash requirements are forecast as accurately as possible.

We will briefly consider this aspect in one of the Sections that follow.

144 AUTHORISATION OF EXPENDITURE

‘When implementing a project, money iz spent on a wide vanety of items. For
example, some would be spent on office equipments, supplies and furnishings etc. for
the project office(s). Salaries would have to be paid to the managers, supervizors, and
various office staff engaged in connection with the project. Payments would also be
made, whether ag advances, "on-aceount” paymenir, or as price-crcalations, to
construction contractors and to suppliers of plant, equipment, and construction
materials. Periodic payments of wages to labourers ig an ¢sgential feature of any
construction project. Charges have to be also paid, first for ebtaining connections for
water, slectricity, gas ete. and subsequently for their consumption.

Though a suitable acconnting gtructure may exist for ensuring that all these items are
duly segregated at the level of detail considered necessary by the project
management, that by itse¢lf is not enough to cither ensure smooth expenditure
transactions or enforce effective control aver expenditures vis-4-vis the project
budget. It iz equally impottant to have in place a framework which determines who
will authorise what type of expenditure and upto what limit. A suitable scheme of
delegation of financial powers has therefore to be evolved to ensute that depending
upon the need and factors like frequency, nature and value of a transaction,
employees at different levels are allowed to authorise expenditures within well-
defined limits.

We have congidered in an earlier unit the methodology followed for estimating the
cost of the project and for the formulation of an appropriate project budget (also
known as capital budget). This takes care of the requirement of resources allocation
amongst various project activities {and/or functions). As far as possible, such &
budget should

a}  be consistent with the objectives of the project

b}  be consistent with the functions and quality standards of the project,

¢}  berealistic, i.e. be neither an over-estimate nor an under-gstimate,
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d} smoothly integrate with the aceountr classification gystem, and

e}  provide for the estimate of expenditure plus provigions for contingency and
escalation for each activity. (This would help make realistic forecasts of costs
gince inflation may affect different activities differently)

During the implementation stage the budget become a yardstick for ensuting that the

project expenditure stays on course.. The scheme of expenditure anthorisation that iy

devised by the project management therefore must incorporate a check to the effect
that no anthorisation for any expenditure is given {or at least given effect to) by any
employee unless suitable provision for the expenditure is available vis-a-vis the latest
approved Budget ' under the relevant head of account. This can contribute
considerably towarda controlling project expenditures provided the accounting and
information dissemination processes (MIS) are cfficient and well organised.

Activity 1

How is capitalization of project expenditure trated in accounting? What are the usual
capitelization heads and what is their significance?

14.5 THE CONCEPT OF CONTROL

As you know, control i an integral part of eny management process which comprises
of planning, organizing, sctuating and controlling. Fundamental to control is the
existence of a norm {the "should be") with which the measured rerults of actual
actions (the "what i3") are compared. The north has, of necessity, to be _both
appropriate and right to ensure that the cffort, at control yield the desired results.
‘With a properly selected norm, significant adverse deviations constitute a signal for
undertaking analysis and for initiating necessary corrective action. In so far as project
expenditure is concerned a basic none would appear to be the sanctioned costs of the
project; which in turn are based on the estimated costs for the project. (Note : There
is a slight complexity involved in selection of normative values during the execution
of the project, which shall be elaborated later in Section 14.7)

Now, the faster- an adverse cast vatiation is noticed, analysed, and acted upon, the
better the chance of ensuring that unfavourable deviations of the project's cost from
the permissible sanctioned amount are minimal. For effective control, therefore, up-
to-date and precise costing and performance data must be available at brief interval,
of time. Further, the :management structure should be so trim and well-knit as to be
sble to respond speedily and decisively: The essence of control is illustrated in figure
L

Casts

@ — Adwerse variation commances
b — Adverse variation is reported / noticed
¢ = Comective action taken

= e

Fig. 1 : What Constitutes Control

Having explored the basic features of a control process, it is time to recognise the
distinction that 'exists between factors which can be controlled by the owner, or
project
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manager, and those which cannot be. Realisation of this difference helps one to focus Financial Aspecta
ones energies only on the former and thus be more productive. It must however be
noted that this clasgification is not rigid. Projects are managed in a dynamic
environment and it may so happen that what was an uncontrollable factor yesterday
becomes controllable today. The owner or manager who is not alert to such changes
in likely to lose touch with important aspects of managerial reality. Finally, even ifa
factor is uncontrollable, its impact on costs may be amenable to control. We will
illustrate this with an example. Suppose a firm iz procuring technology as well ag
major plant and equipments from USA. The project cost in rupees will be directly
influenced by the foreign exchange rate (between the rupee and the dollat) over
which the owner has no control. He may however adopt a suitable hedging strategy to
greatly curtail his foreign exchange risk and thus save the project cost hom ermatic
fluctuations.

14.6 FACTORS AFFECTING CONTROL OF PROJECT
COST

) General

Irespective of the size and nature of a project, one basic objective of the owner is to
complete it to the specifications in time and at the lowest cost. In other words, time,
performance and cost constitute the triad which demands to be managed in an
integrated manner. Now a project's total cost is made up of various components
which are incurred at different times starting from the stage of feagibility ztudy
through commisgioning and take-over. What is often not realised, however, ig that the
very capability of the owner to control the cost declines over the project’s life cycle.
Figure 2 shows this rclationship. You will observe that the preatest scope for
containing the overall project cost exists at the stage of Feasibility study, when all
possible options are open to the owner. Thersafter, the potential for cost reduction
steadily declines through the stapes of design, engineering, etc. before encountering a
steeper decline during the construction phase when most orders already stand placed
and it is impractical, if not impossible, to reverse the decisions already teken.

T

e \ |

——
”g/

Tendering

Capacity to
COMInN ject cost.

Feasibility
Study

Design Engincert
Estimation
] Commissioning

Construction

-
(=]
E
l_

# Time

Fig. 2 : Potential for reducting project cost as a fonetion of time.

Please note that the message from this diagram is not that efforts need not be made
for cost control in the later stages of a project's life cycle. On the contraty, once the
basic decisions on gite, process, technology, degign, and construction methodology
have been taken, it is all the more important for the project manager to make all-out
efforts at cost containment till the project concludes.

It is often assumed that the main role for controlling coats is only thst of the
management. This is not true. Real cost control demands cost consciousness right
from top management to the lowest levels of the project organisation. All st be
properly motivated towards cost control to make it successful. Ensuring such
motivation, constitutes and important respensibility of the management.

Another common confusion relates to what constituies control, Often a manager may
.act in a mariner which amounts to substituting reporting for control; whereas the
former is in fact only an instrument for control.
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b} Contracts

An important factor which affacts project costs and the ownet’s capacity to control
them is the nature of agreement(s) entered into with the construction contracter(s).
Such apreements usually assume one of the following five forms.

a}  Firm Fixed Price or Lump Sum (FFP)

b}  Fixed Price Plus (FPP)

¢}  Schedule of Rates (SR)

d)  Fixed Fee costs (FFC)

e}  CostPlus (CP)

In an FFP contract, the owner agrees to pay a definite sum of money to the contractor
for assuming full risk and responsihility for completing the work to pregeribed
drawings and specifications. This type is usually resorted to when the project is well
defined in terms of both scope and cost. Tt involves little effort at control of costs on
the part of the owner, but is somewhat costlier since the contractor would cover his
risks by increasing the tender price.

Fixed Price Plus agreements involve a provision for paying either escalation or
incentive fee to the contractor in addition to the fixed price. The former type is
normally used when the project is well defined but involves uncertainties in coats of
inpuir over itz relatively long gestation period. It stipulates periodic {upward or
downward) adjustment of the fixed price in accordance with a formmla which
normally incorporates specified cost indices for labour, material, fuels and lubricants,
The adjustments may be upward or downward depending upon the changes in the
indices. The incentive fee version, on the other hand, provides for paying definite
amounts as incentive fee for measurabls performance improvements relating, say, to
cost, duration, and quality. It is particularly useful when cost estimates or project
'specifications ate not sufficiently precise for adopting an FFP contract. In both these
version the cost contro] effort required by the owner is more than in the FFP type, but
is still quite moderate.

The Schedule-Of-Rate contract incorporate unit prices offered by the successful
bidder for must clements of the work roughly quantified by the owner in the "bill or
quantities”. The contractor raises bills for work performed at regular intervals,
Amounts in these bills are atrived at by multiplying measured quantities of the
specified items of work with their cor'esponding unit prices as laid down in the
contract. The owner however releases payments to him based on the quantities of
work ascertained through a thorough physical verification (re-measurement) of the
work claimed to have been performed. For this reason such contracts are also known
s remeasure contracts. The owner has to make considerable efforts to reduce delays
and to control costs in such cases. This iz particularly go if the project’s gestation
period extends beyond two to three years. Furthermaore, the owner has to ensure not
only that all work performed by the contractor(s) iz measured regularly and
accurately, but alze that such measurements are made according to a standard
methodology and are acceptable to the contractor(s).

The cost plus fixed fee contracts are usually used where the project costs,
gpecifications, and processzes are quite incertain. These stipulate that the owner pay
the contractor a fixed amount {or percentage) of fee in addition to the cost actually
incurred by him. These place the burden of cost verification and control on the owner
and tend to reward, if not actually encourage, inefficiency on the part of the
contractor. The owner has to be constantly alert to ensure that the contractor performs
efficiently and his cost records and data are both accurate and correctly complied.

A better version of the cost plus type of reimbursement is the target cost contract. In
it the two parties agree at the very outset to a tatget cost. Any increase or decreage in
the actual cost vis-3-vis the target cost is shared between the parties as an adjustable
fee calculated in accordance with a previously agreed formula. Often, the maximum
and minimum limits for such fee are algo laid down.

¢} Changes in Scope

The very purpose of conducting a feasibility study and then going in for detailed
process and engineering desipn is to eliminate, as far as possible, any scope for mid-
giream
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changes in the planned work programme. Such changes are not only troublesome to Financial Aspecta
implement, invariably they also result in large coat increasea. And yet it is a rare

project indeed in which changes in scope do not occur during implementation. These

have however to be rigorously controlled to minimise dislocations in project cost,

duration, and quality. This can be done by ingisting that, like for the main projects,

every single proposal for changes in scope in ruthlessly analysed in terms of-

¢  description

¢ justification of the need,

¢ alternatives congidered

s trequitements of plant, equipment, and other resources,

¢ gchedule for implementation, and

s fmancial implications on the project.

d} Delays

Delays, also called time over-rung, are a major factor for project costs going through

the roof. Projects in the public sector in developing countries have been particularly

gusceptible to large delays for various reasons. Studies conducted by (the then)

Bureau of Public Enterprises, Government of India, indicated the following six major

causes for delays in project completion in Indian public enterptizes :

1} Inadequacies including unrealistic cost and time estimation in techno-economic
feasibility reports.

2) Weaknesses in project management organisation,

3) Delay in selection of the detailed engineering, consultants.

4) Indigenization of equiprment without advance planning,

5} Non-availability of power, steel, cement, etc.

6) Labour unrest.

From the list it is evident that but for the last two, all other factors lie within' the
domain of control of the owner. You may like to have another lock at figure 1 of this
Unit at this stage.

The government of India has set up, in 1985, the Ministry of Programme
Implementation {now called the Department of Programme Implementation - DPI)
with the sole objective of independently monitoring large scale public sector projects
finded by the Central government. In its annual report for the year 1994-95, the DPI
has stated that several projects get delayed and though "some of the factors may be
beyond the control of the enterprises in some sectors the project management is not
satisfactory”. Anglysing the delays observed in government funded projects in 16
gectors of the economy the report liste the following factors ag most important

a} acquigition of land

b) constraints of funds, particularly owing to thin dispersal of Limited resources
over a large mumber of projects.

¢} slow progress of civil works by contractors,
d) delayed award of contracts:
€} delayed supply of equipment

) glow progress in enginecring, release of desipn drawings, erection, and
commissioning of equipment

£} delays in povernment clearances; law and order problems, and inadequate
infrastructure.
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Activity 2

Think- of the he relationghip hetween time and costr and describe the advantages if
we speed up project implementation.

14.7 THE PERT-COST SYSTEM

Use of network' techniques like CPM and PERT is essential for large projects. As
you know, these involve the preparation of a detailed schedule of construction and
allied activities and its translation into a network- diagram after considering
precedence requirements. For practical reagons the activities .are generally delineated
in such a manner that none has a duration of more than three weeks: The diagram
ghows the critical path and also the “slacks” available at different "nodes".

Initially, the Programme Evaluation and Review Technique (PERT) focussed only on
the time management aspect of & project. It was in 1962 in the USA that a PERT cost
gystem was developed to control costs. It involves assignment of costs to individual
project activitier rather than to functions or organisational units as in traditional cost
accounting syateme. Low cost activitier are usually grouped together for this purpose.
This system uses the following two sets of data for activity-wise cost control,

a} Estimates of cogts for activities (or groups of activitics)
b} Actual costs for the same activities/groups.

It is in estimating the activities' costs that the greatest difficulty in. encountered. This
usually involves estimating the material costs, labour costs, and expenses, besides
gupetvisory and administrative overheads that call be atiributed to each activity (or a
group for activities). However, once this has been done, the evaluation of 2 project's
progress iz possible on the more transparent basis of completed activities, rather than
on the traditional basis of estimating percentage physical progress and comparing it
with expenditures. Usually, activitics are so chosen that the expenditure on each may
be assumed to occur relatively uniformly over its duration.

‘We had mentioned in Section 11.3 about the need to have reliable eastimates of cash
requirements. Such projections for the project can be easily derived on, say, a
menthly bagis using the activity-wise cost estimates. This helps the owner or manager
in planning his cash flows 80 a8 to minimise financial costs. For an example, study
the bar chart in figure 3 below.

Name of acdvity | Month | —
1 9 1 | 4 s 6 7| g Tozal Cost

Activity A oL i ' 13

[ i2 12 | 6
B 36
c 20 20 1 20 2 | 10 an
7 14

D —fi—— 21

B B 16 I's 14 16 16 93

Cosls in the month 13 45 35 58 k1] 26 16 10 260

Com. Costs Ig a1 1156 172 208 234 250 260

Fig. 3 Estimating monthly cash requirements using activity bar chart.
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In our discussions so far we have agsumed that the activities commence on the "early Financial Aspecta
start’ dates. Cost estimates can however, be built up using the "late start" timings as

well. Plotting thege two sets of cumulative costs againgt time would yield two curves

which together enclose the zone of feasible udgets for a given project duration

without any resources restrictions (i.¢, without crashing, ete.). This is depicted in

figure 4.

1

Commulative Bstimated Costs
@%

B
=

Time

Fig. 4 : Zone of femsible budgets for a given profect duration.
During the implementation of the project, the following information is periodically
ascerfained from WBS/activity-based cost recording and accounting system.
a) Cumulstive actusl cost to date.
h)} Budgeted (estimated) cost to date.
¢} Value of actual work done to date, based on cost estimates,

From these, cost over-runs (when a exceeds ¢) or cost-runs (when ¢ exceeds a) can be
computed a percentage using the formula given below, Figure 5 shows the
relationship between these three different variables and the cost over-min.

Cume aelial - Walue of work
Cost done

Cost over-rug = 100 % - =
Wulue of the wark done

Rs 4
Comulative acieal ¢ost
" Budgted Cost of Scheduled wark

/ Fa
g Value of work done
ﬂ -

&

2 #
- -~
E
=
o

Casl avar-rim

Time
Fig. 5 : The concept of cost over-run

14.8 PROJECT CONTROL CURVES (OR S-CURVES)

In rection 14.7 be had used a detailed bar chart derived from a PERT plan, in which
expenditure on each activity had been estimated on a monthly basis, The cumulative
totals of monthly- expenditure estimates derived this way indicate the "value” of
work
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planned to be done upto different dates. When these totals are plotted againat time
they yield the typical project control curve having the shape of "3" (see fig §). Now,
if the curmlative values of actual work done are similarly plotted against time, we get
another S-Curve showing the "performed value", Thus, these curves based on
financial data alone can help the management in monitoring the progress of the
project by depicting raider - or over-spending and delays, etc.

Rs. f
V'Budgﬂ

Estimared
value from
bar charis

Coommulative Amiouns

Target complation
date

W

Time

Fig. 6 : "S" cnrves for planned and actnal values

14.9 VARIANCE ANALYSIS APPROACH TO COST
CONTROL

This is the traditional approach to controlling project costs. It involves ascertaining,
periodically, variations between the actual and the budgeted costs, both for the
petiods and cumulatively. The lesser the variation the more "controlled” the project is
supposed to be. The approach is not considered suitable for effective project control
gince it neither gives any clue to the owner about the value of wotk already done, not
does it help him in knowing the direction in which the project is heading,

14.1¢0 THE PERFORMANCE ANALYSIS APPROACH

Performance analysis constitutes an improvement over the variance analysis
approach. Use of the technique involve, cetfain terms and concepts which need to be
first underztood. These are explained below.

1) Budgeted Cost of Work Scheduled (8CWS): Budgeted cost of work scheduled is
the sum of the budgets for all work scheduled to be done (including in-process
work), plus an sppropriate portion of the budget for overheads for the relevant
time period

2) Budgeted Cost of Work Performed (BCWP) : This is the sum of the budgets for
work packages (including in-process work) or their- portions actually completed,
phus an appropriate portion of the overheads budget for the relevant time period.
BCWP is also refered to as "earned value". The earned value concept assigns
"base budget units” (in man-hours or rupees) for work to be performed for every
measurable WBS element in the execution of the project.

Each activity iz time-phased using the target schedule. This should include quantities,
work to be performed, man-hourz and budget value.

Conventional cost reporting (see Section 11.8 sbove) compares budgets with actual
expenditures and slippages in schedule with agreed schedule. The concept of canned
value, on the other hand, looks at the value of the actusl work performed in base
budget units regardlesr of the actual costs incurred, and hence puts the comparizon on
a mare rational basis,
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3) Actusl Cost of Work Performed (ACWP) : This is the sum of the direct costs Financial Aspecta
actually incurred and the indirect costs applied in accomplishing the work
performed within a given time period.

4) Budgeted Cost of Total Work (BCTW) : This is the sum of budgeted costs of all
activitiez plus the overheads for the entire projects.

5) Cost Variance (CV) equals the Budgeted Cost of Work Performed (BCWP) less
the Actual Cost of Work Performed (ACWP).

CV = (BCWP - ACWF)

Adverse (negative) cost variances indicate cost over-rums, and hence, if CV exceeds
the threshold level prescribed by the management, it should be analysed to identify
poasible causes such as technical problems, inaccuracier in original estimates, lower
productivity, and unanticipated increases in equipment, material or labour costs.

The cost vatiance can alao be expressed as a percentage (CVP):

., BV
BCWP

6) Schedule Variance (SV) ie equivalent to the Budgeted Cost of Work Performed
(BCWP) mims Budgeted Cost of Work Scheduled (BCWS)

SV =BCWP - BCWS

The Schedule Various measures the achedule progress of the project in monetary
units rather than time units, Its relationghip to time iz thus not directly recognizable.
The SV can however be converted into time units by measuring the horizontal
distance between the point representing the data date on the BCWP curve and the
hotrizontal projection of the point on the BCWS curve.

A negative schedule variance indicates slippages (behind schedule statug), and hence

a value exceeding the threshold level should be analysed to ascertain the underdying
reasons. Like for the CV, the Schedule Variance can also be expressed in a

percentage form :
SV

SVP=
BCWS

By comparing the values of BCWS and BCWP on the one hand, and of BCWP and
ACWP on the other, w & can easily determine whether the project is on, behind, or
ahead of schedule, and whether it is on cost, or having a cost over-rum or under-run
on the date of analysis. Thirteen different types of relationship are possible amongst
the values of these three parameters. The following table. lists all these cases based
on hypothetical values of the parameters, and indicates the broad conclusions about
performance and cost that can be derived therefrom.

BCWS BCWP ACWP Remarks

100 80 60 Behind Schedule, Under Cost
100 80 80 Behind Schedule, On Cost
100 80 90 Behind Schedule, Over Cost
100 80 100 Behind Schedule, Over Cost
100 80 120 Behind Schedule, Ovwer cost
100 100 80 On Schedule, Under Cost
100 100 100 On Schedule, On Cost
100 100 120 On Schedule, Over Cost
100 120 80 Ahead of schedule Under Cost
100 120 I'wW Ahead of schedule Under Coat
100 120 110 Ahead of schedule Under Cost
14} 120 120 Ahesd of schedule On Cost

100 120 140 Ahead of schedule Ower Cost
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7} Cost Performance Index (CPI) : This is defined as the ratio of BCWP to ACWP.
A value less than 1 indicatea coat over-run and a value greater than 1 signifiea
cost under-rm (i.e., the work is costing less than budgeted).

BCWP
ACWP

CPI=

8) Schedule Performance Index (SPI) : Thiz is defined as follows.

BCWP
BCWS

SPI=

A value less than | indicates slippages and greater than 1 that the project is
progressing ahead of schedule.

9} Accounting Vanance (AV): This is equal to the Budgeted Cost of Work
Scheduled minus the Actual Cost of Work Performed.

AV =BCWS - ACWP

The conventional cozt contrel reporting used to be based on thia parameter only. It is
however not a reliable indicator of actual progresz. For example, a large negative
variance (AV) could occur both when a project is progressing ahead of schedule, and
when significant cost inefficiencies and wastes arise.

You may have by now obsarved that Cost Variance, Schedule Variance, and
Accounting variance bear a simple relation to one another. What is that? For
confirmation, see figure 7.

10) Estimated Duration at Completion (EDAC) : This can be calculated using the SPI
as follows :
Original Planned Duration
S.B.IL

EDAC =
Using the OPD and EDAC, the project manager can forecast the project time over-
run, if ally, as follows :

Projected time over-tun = (EDAC - OPD)
11) Bstimate at Comupletion (EAC): The manager is also in a position to make a

forecast of the cost of the project at its completion (agsuming the present trends
continue) using the formula-

EAC=——= (ACWP/BCWP)_. " xTotal Budget

From this the projected cost over-run (aka Variance at Completion, or VAC) can also
be computed.

Projected cost over-nin = ECAC - BCTW

_ BCTW
CPI

- BCTW = BCTW (1/CPI - 1)

Analyzis of the cost over-run (or VAC) may reveal causative factors such as changes
in scope, incor'ect estimate at completion, engineering degign changes, low
productivity, ar wastes.
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Using the Approach Financial Aspects

Analysis of a project’s performance using this approach is today greatly facilitated by
ready-made computer software packages. The manager can thus keep a close watch
on vatious parameters and initiate action as soon as adverse trends come to hig notice.
Such action may involve re-scheduling, re-deployment of regources, or extension of
the tarpet date. In fact, using a computer, the manager should be able to choose the
best possible course of action by looking at different alternatives and carrying out
performance analysia for each.

Finally, it must be kept in mind that the analysis can yield good regults for remedial
action only if the original plan and various data about costs and work activities are
reagsonably accurate and are not distorted by sporadic singular features.

14.11 INTEGRATED COST/SCHEDULE GRAPH

Integrated coat schednle graph is shown in Fig.7. The graph depicir the three
variances {described in the previous Section) on a particular data date. From the
graph one can ascertain "projected cost to completion” alongwith forecast of "delays
at completion” and “cost overrun at complation™.
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Fig. 7. The integrated coat/schedule graph

14.12 SUMMARY

In this unit we studied the salient aspectr of financial management in so far as they
relate to implementation and control of projects. We saw the importance of having a
proper system of accounting' and hudgeting, and of using the approach of
performance analysis for not only cost control but also overall monitoring of the
project's progress. We also learnt the use of S-curves in monitoring the performance
as well as cost of projects.

14.13 SELF - ASSESSMENT EXERCISES
1.  What are the pitfalls in the traditional method of cost accounting & expenditure
control in projects?

2.  “Scheduling of projects shared be 8o organised as to facilitate planning of cash
flow and fund management.” Comment.

3.  Elaborate on the concept of 'l arced Value of the Budget' in PERT/COST
gystem,

4.  Once we switch over to PERT/COST gystem, can we do away with time-baged
project control. Explain with reasons.

Time
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BLOCK 4 PROJECT COMPLETION AND
EVALUATION

 This Block comprises of threc Units.

Unit 15, titled, “'Integrated Project Management Contrul Sysiem" describes the need for com-
puierisation in Project Management, basic areas of compuierisation and also gives informa-
tion on comnionly available softwares in India. Usclul information about various computer
programmes and their output is given as appendics to this unit.

In Unit 16, the process of Transition froen Project 10 Op2rations is explained. It also high-
lights the role of various disciplines in testing and commissioning of projects and the imper
tance of advance planning in commissioning. The procedure and concept of Quality
Assurance and Total Quality Management in projects is also explained in this unil

Unit 17, titled, ““Project Review ™ discusses the process of planning and contiol in projects
and impernance of project review during implementation. This unit covers the mechanics of
coordination in projects and also describes the critical clements in control. Another important
thing covered in this unit is the concept of cybernelics, team werk and motivationa! dspects
ol monitoring projccis.
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UNIT 15 INTEGRATED PROJECT
MANAGEMENT CONTROL
SYSTEM

Objectives

After going through this unit you will be able to understand:
o the need for computerisation in Project Management

e the bagic areas of computerisation

o the availability of some common softwares in India
Structure

15.1 Introduction
152 Computer Applications
153 Computer Softwares
154 Project Management Software Packages
155 Computer Applications in Project Appraisal
156 Summary
15.7  Self-Assessment Exercises
15.8  Further Readings
Appendix I-VII

15.1 INTRODUCTION

The tools and techniques of Project Management lend themselves to casy
computerisation. Introduction of computers in business and industry in our country
initially faced some registance, as people feared that most of the applications are in
the area of finance and accommting and would lead to a high degree of unemployment.
Most of the computer vendors were, therefore, keen to provide some softwares
alongwith their computer hardware which would take up non-finance and non-
accounting applicetions. PERT / CPM happen to be one such application.
Programmes for using the computer for doing time calculation and obtain bar charts
were available even for the IBM 1401 computer which uged punched cardg 8z inputa.
Since then, both the computer hardware and the softwares have been greatly
improved, for carrying out advanced project management applications. Today a wide
variety of programmes are available - in text books, journals and from major
softwares vendors. These programmes have been specifically written for the entire
range of computers starting from the micro computers (PCs) to the mini and main-
frame computers.

Simultaneously the field of Project Management has also expanded to include a
vatiety of tools and techniques including resource leveling, minimum cost crashing
and an integrated project management information system. The integrated softwares
in project management usually provide all these features.

You have seen carlicr that the success of a project is largely dependent on effective
monitoring and controlling system. This essentially entails finding out the status of a
project after its beginning, relating it to the original network plan, finding out
deviations, deciding on corrective actions and representing these decisions on the
network. This process is called “updating”. Any manual updating of a real life
network involves a lot of redrawing of the original network and carrying out afresh,
time, cost and resource calculations. Even for a project of moderate gize, these
calculations and other manual activities, proved to be too big and, therefore, it was
not posgible to undertake these exercises at desired intervals, As a result the potential
of project management tools were largely under utilized. With the advancement of
computers and computer softwares in project management, it became possible to put
the entire project network along with its resources and costs in the computer. The
initial mmpu‘l:ensahuntaakmvolunnnnua in terms of data preparation and entry of
activities and high manual work content is involved. However, once & network is
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computerized any change, modifications or upgradation of the network becomes very
eagy and one is free to undertake an updation at any desited interval. For example,
one of the early applications of computerised network in the steel industry was for
the relining of blast furnaces. In the early 60z when the first three public sector steel
plants required relining of blast furnaces, it used to take anywhere between 120 to
150 days inapite of the fact that project management was applied. When manual
updating was done it could be dene only once in a month, With the introduction of
the computers, it was possible to have weekly updating. This resulted in quick and
maore aceurate feedback to management about the status of the project and provided
them with an opportunity to take cotrective actions at an carly stage. When a review
meeting was taken up at 2.00 pm on any day, the actual status obtaining on the
ground at 6 a.m. on the same day could be collected and processed in the computer
and regults including the expected date of completion, activities delayed and their
impact on the overall project was available for managerial considerations.

It is thus clear that computers provide a means for quick and accurate feedback to
management and is particularly svited for medium and large project where manual
cotmputations are cumbetrzome.

Apart from the basic time calculations, computer programmes are also available to
carry out resource levelling, cost crashing and printing of different user oriented
reporte also. From a humble beginning to facilitate network computation of time,
costs and resources, computer softwares have today graduated into a comprehensive
project management information system providing the users with different levels and
degrees of contrel.

152 COMPUTER APPLICATIONS

15.2.1 CPM/PERT Time Calculations

Az we have =aid in the beginning, the critical path calculations are highly amenable
to computerisation. The essential inputs for these calculations are the following:

-- The start node (I node) number

-- End node (J node) number

-- Duration

-- Description of the activities

-- Resource requirement
-- Cost

-- Agency responsible

Please note that in the time calculations, only the first three elements are essential.
The description can provide an identity of the activity for the user. The programme
does not process this information. Originally all the programmeg were written in a
fashion that required these inputs to be given in azcending i node number sequence
and within a given i node, in agcending j nods number sequence. Subsequenitly,
programmes have been developed which do not require a user to provide the inputs in
these sequences. The programme itself reorganizes the inputs in these sequences
before it starts forward pass calculations.

You will get some idea of a computer programme which gives you the basic logic of
a forward pass calculations as it i3 executed in a computer. Appendix-T gives us
ligting in BASIC language, of a programme which enables you to feed information
about a network and obtain the critical path calculations and print a bar chart of the
activities. In case, you have an access to any personal computer with the BASIC
language compiler or interpreter, you may feed this programme and tun it to see the
outputs.

Activity 1

With the help of personal computer, run the programme in appendix-1 and calculate
the critical path, and print the bar chart of the activities.



152.2 PERT Probability Calcnlations
Commputer programmes are available for catrying out the PERT probability
calculations alzo. These programmes can accept either three time estimates or single
time estimate for every activity. For all those activities where three time estimates
have been provided, the programme works cut the variance of the activity time by
using the following formula:

1

Vatiance 6° = [%)

Thereafter it calculates the variance of the critical path by simply adding the
variances of all the activities of the critical path. It then works out the standard
deviation of the project by taking a square root of the variance of the critical path.
With this information it is now ready to work out the probability of completion of the
project within any desired time. The normal probability distribution is a standard
input, already provided to the computer which enables the programme to work out
these probabilitics. As a user, you may provide any desired duration and the
programme would work out the probability of completing the project within that
duration.
152.3 Resources Calculations
The next enhancement of computer programme in project management comprises of
the capability to handle resources. Each activity may require certain number and
types of resources which can be input to the progranyme, After the time calculations
are done, the computer can obtain two schedules; one is the earliest start schedule in
which all the activities are assumed to start at the earliest possible moment. The other
18 & latest start schedule. In this schedule all the activities are assumed to start at the
latest permigsible time. For a particular resource, the computer can be programmed to
work cut the required resource over time, based on one of these two schedules, The
programme gimply adds the requirement of the degired resource in a day on all the
activities that are scheduled on that day which consume this resource. Suppose one is
interested in finding out the need for a particular type of crane. All that one is
required is to input the number of such crames required by each activity. Based on
thiz information, the programme can work out the number of cranes required from
day one to the last day of the project. If on a given day, three activities are scheduled,
each of themn require the use of one such crane, the computer will add up and indicate
that three such cranes are required on that day. In this manmer the simplest output that
one can get from the computer is 8 resource requirement profile.
The requirement of resources will show a varying pattern. However it can generally
be stated that for an carly start schedule, the requirement of the resources would be
larger in the beginning of the project and would slowly taper clown, In contrast, for a
late start schedule, the requirement of resources will be low in the beginning and
gradually would rise to a peak towards the end of the project. Both these
requircments are not the best possible options because the peak would be much above
the average requirement.
The next enhancement in any computer resoutce programme concerns itg ability to
carry out leveling of resources. For all non-critical activities it is possible to shift
thetn within the early start and late start schedule with ont affecting the overall
project duration. Computer programmes are available which cant' out these types of
shifts for non-critical activities. It reduces the peak requirement of a given resource.
This procedure iz known as "leveling”. After this leveling activity, the programme
gives a particular schedule giving definite start and end date for &ll non-critical
activities alzo. You would recall that the critical path calculations do not provide
definitive start and finishing dates for non-critical activities. Resource leveling
provides such a definitive schedule. Whenever any updating of the network ig carried
out, the leveling exercise can be run again in the computer with reference to critical
resources and a target schedule for all activitics can be arrived at.
Some computer programmes are also designed to work out resource constrained
netwotks. Here one is concerned with certain limitations on some particular type of
resources. Such a programme would receive as input, the quantum of thig resource
required for each activity. It would also receive an input with respect to maximum
quantum of the resource available with the Project Manager at any point of time.
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Based on-these inputs, the computer programme would first work on an
unconstrained schedule and work out the peak tequirement of the constrained
resource. If these peak requirements are within the total availability, the programme
will stop. However, if the peak requirement exceeds the total availability the
programme will look at the requirement for critical activities only. If this leaves some
additional rescurce, the programme would try to shift the non-critical activities
within the floats available 80 as to minimise the peak requirement, If such an
adjustment is possible, the programme will stop with an output of the specific
schedule of all activities that resulted in containing the peak requirement within the
availability. However, if such an adjustment is not possible, the programme then
attempts to extend the project duration so as to shift some of the activities requiring
the use of the constrained resource beyond the peak requirement periods. The
programme continues to carry out these adjustments in small amounts of time till a
gituation is reached where the peak demand of the regource is satisfied by its
availability. The programme then prints out the corresponding extended project
gchedule. In essence it means that the limit on the availability of the resource causes
the overall duration of the project to be extended. The computer programme atTives
at the minimum possible extengion in the project duration which satisfies this
constraint,
The last enhancement in the capability of the computer programmes for handling
resources concerns multiple projects. One can visualise a gituation in which a Project
Manager with a resource constraint is executing more than one project and the given
resource i required by both the projects. For example, a Project Manager could have
two different projects in progress simultanecusly. Both the projects may require the
gervices of an Instrumentation, Engineer. The Project Manager may have only two
Instrumentation Engineers available. Computer Programmes are available which can
take care of such a situation and provide the Project Managet with the schedule for
multiple projects with commen resource constraints.
Activity 2
i} Mention the limitation of critical path method. How it can be eliminated by
resource leveling.

1524 Cost Calculations

Project management softwares can also handle cost information for each activity.
Basically there are two types of cost information. One relates to the basic cost of
carrying out the activity in the estimated time and the other information relates to the
additional cost to be incurred in reducing the duration of the activity per unit time.,
This information should be accompanied by the minimum time that must be allowed
for carrying out the activity. These information are known ag the "normal cost”, the
cost slope and the crash duration for an activity, respectively. Figure 15.1 indicates
these concepts of cost of an activity.

The first cost caleulation relates to the normal cost of all activities. This is similar to
the resource calculations. Given a particular schedule of activities the computer can
work out a schedule of expenditure to be incurred against each activity and thereby
finds out an overall budget for carrying out the project. This is amrived at by adding
the expenditures incurred over a period of time for the activities which are scheduled
to take place at a given point of time, From this exercise, it is possible to derive a
cumnlative expenditure curve for the project. This expenditure curve becomes a
usefill aid in subsequent monitoring and review of the projects. Actual cumulative
expenditure can be compared against the scheduled cumulative expenditure. This
comparison provides the Management with an important
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indicator of the progress of the project. This can also serve ag a tool for providing
budpetary allocation of funds for a project.

The next step in procesging of cost information concerns crashing. Computer routines
are overhead rate for a project, it would work out the minimum cost solution for the
project. For availeble which would undertake crashing of the critical paths of a
network, and given the thiz solution, the total project cost, which includes the direct
activity costs ag well ag the
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Fig, 15.1 ; Activity Cost Curve

indirect overhead cost, is minimum, Please note that although computer programmes
are available for carrying out the crashing exercise, it requires a lot of cost
information for all critical and sub-criticel activities which is very difficult to obtain
in the real life. While basic cost estimates for 8 given activity can be obtained, it is
very difficult to obtain the cost glopes and the crashed duration of an activity. Due to
the non-availability of such information, cost craghing on a computer hag found
limited applications.

Actlvity 3
i) How cost calculation is done by Computer Programming?

15.2.5 Scheduling and Updating

Most of the computer programmes arc capable of printing schedules for a project.
The schedules are of two types. One ig a tabular listing of all activities giving the

name of activity and the other is in the form of a bar chart. Sample ouiputs of both
types are at Appendix-II.
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The real benefit of computerisation is obtained through updatings. Project
Minagement softwares ate degigned to receive modification in an existing network.
These modifications may be with respect to the durations of activities, their
sequencing, breaking up of an activity into two or three components, introduction of
new activities and g0 on. These modifications are usually grouped as additions,
modification and deletions. Once these modifications are carried out, we have & new
updated network in the computer, which can then be processed to obtained fresh
activity schedules, bar charts, resource leveling, cost schedules etc, These fregh
schedules then form the basis of all subsequent execution, monitoring and control by
the Project Manager and his team

152.6 Mnultiple Levels in Project

Most complex and large projects are managed at about three different levels, The first
level concerns managers who are directly responsible for execution of some activities
on the ground. They are interested in the greatest details of each activity to be
undertaken. The second level concerns the Project Manager and his immediate team
members responsible for the entire project. They are also interested in sufficient
details, but it is neither possible nor desirable for them to go into every detailed
break-up of each activity. Consider a simple activity of building the RCC frammework
of a multistoried building. The first level managers must go into such details ag bar
bending schedules, positioning and fixing the re-inforcements, carpentry work for
putting the shuttering work in position, planning of casting each lift for each column
and so on. However, the Project Manager is interested in the entire project, where
few gimilar civil works are going on and in addition; a large number of other
activities like gtructural fabrication, design, manufacturing, tendering and order
placement ete, are also on hand, It is, therefore, essential for the Project Manager to
consider each activity at an aggregate level, He may only be able to follow-up
construction of columns for each floor and casting of respective slabs.

The third level of Project Management may be the Corporate Headquarters and
different funding agencies as well as government agencies. Such agencies / bodies
arc to monitor many large and complex projects and they need to lock at the projects
at 8 much higher level of aggregation. For them, construction of the entire building
may constitute an activity.

The normal practice in Project Management of such large projects, is to have
different network drawn for different levels of projects.

All modern PM software allows multiple levels of networks with interlinks between
two succesgive levels. Any modification carried out on any network at any level
would sutomatically get reflected in the other networks bry virtue of the programmes
available in the software. This is a very powerful feature of most modem PM
software package, allowing the user to choose different degrees of detailing and its
monitoring, reporting and control.

Activity 4

i) 'What are the different levels of Project Management?

features.



Most PM software packages have provision for one or more calendars. The calendar Contr) Systemt
helps to convert numerical start and finish times of activities into actual dates. The

software allows you to specify Sundays / Holidays and different modes of working

for different activities. Some activities may be carried out round the clock on all 7

days in a week. Some other may be carried out only during office hours on working

days only. The calendar opticn allows you to specify your own work plan for cach

activity. The software is programmed to consider all these variations and furnish

calendar dates in the schedule. Advanced softwares allow you provision of multiple

calendars, each one specific to a group of activities / resources.

15.2.8 Project Management Information System

A comprehensive PM software provides all the above features and integrates then to
develop a Project Management Data Base which is used by the software to provide
required information, in the form of reports to different levels of Project
Management. When the Management Information Systern gets built into all other
technical capabilities discussed above, we get a computerised Project Management
Information System.

15.2.9 Reports

A PM software incorporating a PMIS iz desipned to give a variety of reports and
graphs to facilitate decision making. In addition to schedules, bar charts, resources
required, cost schedules etc. these softwares are capable of providing a number of
gpecial purpose and exception reports, ruled out of the Project Data Baze. Reparts
could be obtained for activities to be done by specific agencies, activities scheduled
aver the next week, fortmight or month, critical activities delayed, field reports to be
uged for actnal progress checking and 2o on, These reports generation facilities
inchide some "what if" calculations and processing. The Project Manager may like to
test the impact of enhancing some critical regource by a predetermined quantity, to
gee its impact on the project completion.

A number of graphical reports arc usually supported. These might include resources
and cost graphs. Graphs can be either bar charts or line graphs showing cumulative
positions with respect to scheduled and actual progress. A few typical reports that can
be generated are shown in the Appendix-ITT,

153 COMPUTER SOFTWARES

Az mentioned earlier, a large mumber of computer softwates have been developed to
facilitate the apphmhnn of Project Management using the computers. Before
discussing some major softwares availsble, we would turmn our attention to some basic
logic of network computations in a computer.

153.1 Algorithm for Critical Path Calculations

Figure 15.2 shows a broad step by step outline for designing a programme for
carrying the critical path calculations. This can be divided into ten steps as under

1. Input the number of activities (N) and the last event number (NLAST)
anid the I node and J node number of each activity and its duration,

2. Bepin the process by initialising the following indices :
1 = 1
X = 101
X$ = “Q1"

"I" indicates the count for the number of activities completed and "X$"
indicates the I node number under consideration at a point of time. Note
that this alporithrn has a limitation that it can treat up to 99 nodes only.

3. Obtain an I nede sequence arrangement of all activities in ascending [
node number.

4, Obtain a J node sequence of all input activities in descending J node
nurnbet.
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Project Completion 5. Calculate EST and HFT for all activities starting from the start node. This
18 done by simply equating EFT to the regpective activity durations,

and Evalnation

6.

8.

9,

becanse the EST in all these cases are equal to zero{o).
Step

Action

Input
N = Number of activities
MNLAST = Last event number
I<] Node Number of each activity
with durations

v
=1
| X=101
| X$="o1"

v

Sort all activities in ascending
I-node number sequence

¥

Sort all activities in decending

Hemarks

INTTTALTZE
COUNTERS

PREREQUISITE
ALL I-NCDE
NUMBERS TO

BE LESS THAN
J-NODE NUMBERS

J-node number sequence

¥

Calculate EST and EFT for all
activities atarting from first node |

v

: Calculate EST & EFT for all subsequent
) activities, in I Sequence .

¥

Calculate LFT & LST for all activities
ending &t the last node

¥

Caleulate LFT & L3T for all remaining
activities in J-Sequence

¥
. Print the resulte=Aetivity,
8, EST, EFT, LST, LFT, SLACK
& CRITICALITY

v

10, Print the bar chart schedule

Fig. 15.2: Algorithm for Critical Path Calculations
Calculate EST and EFT for all subsequent activities in the I node
gequence. This sequencing ensures that EST can be derived from
previous computations.
Calculate LFT and LST for all activities ending at the last node. This can
be eazily done by considering the activities in J node sequences and
picking up the top few activities with the J node number being equal to
the last node number. The LFT for all these activities is same as the
maximum of the EFT of these activities calculated earlier. The LST for
each activity is obtained by subtracting the activity duration from the
LFT:
Consider the remaining; activities in descending J node sequences
number and caleulate the LFT and LST.
Print the resultant activity schedule including the critical paths and floats.

10. Print the regultant bar chart.
Figure 15.3 indicates a flow chart for the forward pass calculations for 4 network.

This same logic has been followed in the accompanying programame ligting, This
Programme can
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receive a maximmum of 99 activities in a network and does not require inputs of the
Control System

activitieg in any particular sequence. The only constraints ave that for all activities,
the I node number must be less than the 3 node number and the first I node number
ghould be 01. It also requires the user to feed the last node mumber and the total
number of activities involved. It is recommended that you feed thiz programme in &
micro computer using BASICA or GW-BASIC and then run it. This would ensble

you to get a feel of processing a network on & computer.,

Start Node Number = §
X=101
AR =
K=0

—

K=K+1

IS (K] IS I.NODE SEQUENCE
NUMBER, OF ACTIVITIES

Ia
THE I-NODE

e NUMBER
¥
el ESL(I) IS EARLY START

! Yes TIME POR ACTIVITY I,
- EFT(T) IS EARLY FINTSH

ESII}=0 TIME FOR ACTIVITY L,
EPTI) = DUR (I) IS DURATION OF

M{{: —;;{UR @ ACTIVITY 1
¥ Nﬂ‘
INCREMENT TO NEXT ACTIVITY IN

|

I-NODE SEQUENCE AND NEXT NODE NO.

e

¥

FIND MAXIMUM EPT DFJ

ACTIVITIES ENDING ON THIS
[ NODE NUMBER

i

l ESTI) =EFT MAX ]
EFT (D= EST ()4 {

DUR{]'J
AK=AK 41

;

Eea

GO TO BACKWARD
PASS CALCUTLATION

Fig. 15.3: Flow Chart of Forward Pass Calculations
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153.2 Text Book Soltwares

Project Management Softwares with some more features are also available in vatious
text books. Some of these text books are az follows:

Quant Systems Ylh-long Cheng Prentice Hall

Quantitative Systems ~do- ~do-

for Operations

Management

Seftcover Software  Gary E. White Industrial Engg. &
house (Ed.) Management Press.

Most of these text book softwares are limited to the critical path calculations, printing
of bar charts and in some cases a capability to handle time estimates and carrying out
the probability caleulations.

Prof. Koregaonkar of [IM Ahmedabad has developed a software which enables the
user to carry out resource leveling on multiple networks.

‘You may iry to have access to any of these softwares and use them for camrying out
network calculations. However, in case you are not able to lay your hands on any of
these books and have access to 8 micro computer, you can feed the programme in the

Appendix-] and nm it

154 PROJECT MANAGEMENT SOFTWARE
PACKAGES

As indicated earlier a number of integrated project management software packages
have been developed and are locally available. The principal features of three
software packages available on the micro computer - INSTAPLAN III, HTPM and
Micro Soft Project are given in Appendix-TV to Appendix-VL

155 COMPUTER APPLICATIONS IN PROJECT
APPRAISAL

Computers can be very conveniently used for financial and economic appraisal of
projects. 8. Banerji and §.K Chaudhuri of Management Development Institute,
(urgaon have developed a package using Lotus 1-2-3 for carrying out the financial
appraisal of projects. This is 8 menu programme which allows the user to furnish
inputs with respect to various project parameters as under :

a) The project life, pattern of capacity utilisation and various costs of production
inchuding direct costs, factory overhead and financing costs.

b) Project costs estimates including land, building, plant and machinery and other
items,

¢) Means of finance and the debt-equity ratio.

The Programme provides the following outputs:

Estimates of cost of production and profitability

Financial expenses

Breakeven analysis

Internsal rate of return calculations

Sensitivity analygis

Repayment gchedule

Income Tax calculations using two methods of depreciation

A summary of the appraisal

Sample inputs and outputs are shown in appendix-VII.

e A - B o e
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15.5.1 Computers Simulation in Project Appraisal

The sensitivity analysis in Project Appraisal considers changes in only one parameter
of the project at a time. All other parameters are assumed to be fixed. The sensitivity
index for IRR, indicates the proportional change in project IRR for a given
proportional change in certain input parameter. For example, & sensitivity index of -
1.5 with respect to material cost means that if the material costs are increased by 10%
the IRR will be reduced by 15%.

However, in all real life situations, the assumption that all other factors will not
change do not hold true. Quite often these parameters would change sitmltaneously.
The situation is further complicated by the fact that one is not very sure of the exact
amount of change that would take place: Experts can probably give different
probabilistic estimates of the nature of changes that are likely.

A Project Manager concerned with the appraisal of a large and complex project
would be interested in assessing the combined impact of all these anticipated changes
on the project IRR: One could pick up some other parameters of the project like, the
debt gervice coverage ratio or the breakeven point. But the IRR is the most critical
financial parameter which is examined before the final go ahead decision is taken.
We shall, therefore, examine how a computer model can assist the Project Manager
in aggessing the impact of gimmltancous and probabilistic changes in project
parameters,

S.Banerji of Management Development Institute, Gurgaon, has developed a package
using Lotus 1-2-3 which is an extension of the appraisal package, mentioned earlier.
The additional inputs are, probability estimates of the likely variation in a few
important project parameters. For example, one could say that the overall cost of the
project could vary with the following probabilities:

The Project Cost Probability (30)
-{0.95 x Base 10
-1.00 x Base 20
=1.05 x Base 25
-.1.10 x Base 30
-1.15 x Base, 10
=1.20 x Base 5

Similar probabilistic statements about the likely vatiation in some other important
with hiph sensitivity index could alzo be fed into the model.

The model then carries out a number of sirmulation exercises. Each simulation mun
consists of the following steps :

1. Generate & random number for each of the probabilistic variables.

2. Use this random number to gclect a sample value of the probabilistic
variable,

3. Substitute these sample values into the respective inputs for IRR calculations,

4, Calculate the resultant TRR and store the value,

The computer is programmed to repeat the above calculations a large number of
times as desired by the user (it may be 500 or 1000 or 10,000). As a result of these
caleulations, a frequency distribution of the IRR is obtained which is the outcome of
random variation of the input parameters within the probability framework imposed
by the user. In simple tetms, it means that if the parameters were to vaty in the
manner predicted by their respective probabilities, the combined resultant impact of
these variations on the IRR of the project can be captured by means of the
distribution of the IRR.

Figure. 15.4 shows a histogram obtained through such a model.
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Fig.: 15.4: Simulated Frequency of IRR

15.6 SUMMARY

In this unit, you have had a broad overview of computer application available in the
area of Project Management. You have that computers can and do play a critical
role in managing large and complex projects. Succeseful project management
depends largely on the capability of the computers to update projects status and feed
timely and critical information to Project Managers, Various applications using
PERT / CPM, time calculations, probability estimateg, cost estimates and cost
crashing and resource leveling are possible. A variety of outputs inchuding schedules,
bar charts and reports can be generated uging the computer,”
Some text books softwares for doing the basic calculations and providing the bar
charts have been indicated. You also have a listing of a computer programme for
gimple network caleulations, You have also information on more comprehensive
project management software packages including packages that carry out financial
appraisal of projects. Finally, you have seen the concept of simulation that can be
applied to assess the simultanecus and probabilistic impact of 2 number of project
patameters on the project IRR:
15.7 SELF-ASSESSMENT EXERCISES
1) Explain the benefits of computenzation of Project Management.
2) Take any network and develop the computer inputs required for its
computerization. Indicate which itputs are required for what purpose.
3) Briefly describe the features you would expect to find in an integrated PM
goftware package.
4) How can computers help in monitoring and control of projects?
Explain with an example.
15.8 FURTHER READINGS
Badiru, A B., Project Management in Manufacturing and High jechnology
Operations, John Wiley, Canada, 1988, Ch, 11, pp 252-277
Gray, C.F., Essentials of Project Management, PRI, N.J. 1981 pp. 167-184
Keruner, H, Project Management : A Systems Approach to Planning, Scheduling and
Controtling, 2nd Ed. CBS Publishers, New Delhi 1987, Ch. 17, pp 789-806
Lee, S.M. et. ai., Network Analysis for Management Decision, Kluwer-Nijhoff,
Boaton, 1982, Ch.8 and Appendix
Barrit, D.A., Project Management Handbook, Dennis Lock., Ed. Gower England,
1987, Ck. 20 and 21, pp 405462
Nicholag, .1.M, Managing Business and Engineering Projects | Concepls and
Implementation, Prentice Hall, N.J,, 1990 Ch. 16, pp. 406445
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215
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235
237

REM PROGRAMME FOR PERT ACTIVITIES NOT EXCEEDING 99 e

REM FIRST EVENT IS 01
DIM IS(99), JS(99), EST(99), LST(99), C$(99), DUR(99), BFT(99), LFT(99)
INPUT "NO OF ACTIVITIES" ; N
INPUT 'LAST EVENT NUMBER"; NLAST
FOR I= 1 TON
INPUT "ACTIVITY & DURATION DAYS, E.G. 01-02, 5"; CS(I), DUR(I}
NEXT I
=1
X=101
xs — “101”
FORJ=1TON
IF LEFT $ (C$ (T), 2) X$ THEN 70
IS(H=JI=1+1
NEXT ]
IF 1> N THEN 1062: REM J SEQUENCE CALCULATION
X=X+1
X$ = RIGHT § (STRS (X), 2)
GOTO 65
REM ROUTINE FOR FORWARD PASS CALCULATION
X =101: AK = 0: REM AK IS A COUNT FOR THE NO OF ACTIVITIES
COMPLETED
FORK=1TON
1=I8(K)
IF LEFT$ (C$(), 2)="0" THEN EST(T} = 0: EFT(T) = EST() +.
DUR(D): AK=AK+]
NEXT K
REM CALCULATION OF EFT & EST FOR OTHER ACTIVITIES :
FIND NEXT ACTIVITY
REM SET START NODE TO BE CALCULATED NEXT
X$ = LEFTS (C$ (IS(AK + 1)), 2)
I=IS(AK + 1)
REM FIND EFTMAX FOR IDENTICAL END NODE NUMBER
EFTMAX =0
FORKE=ITON
TF RIGHT $(C$(KK), 2) <> X$ THEN 170
C =EFT (KK)
IF EFTMAX C THEN EFTMAX =C
NEXT KK
EST ([=C
EFT (1) = EST() + DUR(I) : AK = AK + 1
IF AK> N THEN-201
GOTO 92
REM ROUTINE FOR BACKWARD FASS CALCULATION OF
LST & LFT OF ENDING ACTIVITIES
X=100+ NLAST: AK=0
X$ = RIGHTS (STRS (X), 2)
REM X% REPRESENTS LAST NODE NUMBER. ROUTINE FOR
FINDING OUT MAXIMUM EFT VALUE FOR ACTIVITIES
ENDING ON LAST NODE
EFTMAX =0
FORKK=ITON
TF RIGHT$(C$(KK), 2) <> X$ THEN 235
C = EFT (KK)
IF EFTMAX < C THEN EFTMAX = C
NEXT KK
REM ROUTINE FOR LFT / LST CALCULATIONS FOR ALL
ACTIVITIES ENDING AT THE END NODE.

217



Project Completion
and Evaluation

238 FORK=1TON

240 1 =18(K)

242 IF RIGHTS$ (C3()), 2) < > X$ THEN 244

243 LFT (b=EFTMAX: LST (J) = LFT(J) - DUR (J) : AK = AK + 1

244 NEXTK

245 REM CAILCULATION OF LFT & LST FOR OTHER ACTIVITIES: FIND
NEXT ACTIVITY

246 REM SET END NODE TO BE CALCULATED NEXT

249  X$=RIGHTS (CS(JS(AK + 1)), 2)

255 1=JS(AK+1)

275 REM FIND LSTMIN FOR IDENTICAL START NODE NUMBER
FOUND ABOVE

280 LSTMIN =9999990

290 FORKK=ITON

300  IF LEM{CS$(KK), 2) < X$ THEN 330

310 C=LST(KK)

320 IF LSTMIN > C THEN LSTMIN =C

330 NEXT KK

340  LFT(Q)C

350  LST() = LFT () - DUR() : AK = AK + 1

355 IF AK >N THEN 430

360 GOTO 249

400 REM ROUTINE FOR OUTPUT

405 PRINT " CRITICAL PATH CALCULATION

406 PRINT

407 PRINT

408 PRINT

410 PRINT

420 PRINT

430 FRINT "ACTIVITY DURATION EST EFT LST LFT SLACK CR. PATH"

440 PRINT " NG DAYS REM*

450 PRINT

460 PRINT

470 FORK=ITON

475 1=I8(K)

480 SLACK = LFTY(0 - EFT(D)

450 IF SLACK = 0 THEN 83 = “%*

500 PRINTTAB(2); C$ (1) TAB(12); DUR(L); TAB (21); EST (1);

TAB(26); EFT(L);TAB(3 1); LST(I)-, TAB(36)-, LFT(I); TAB(43); SLACK;

TAB(50); 53

510 St=r

520 PRINT

530 NEXTK

540 PRINT

T - 1 P 1

555 INPUT DUMMY

560 REM ROUTINE FOR PRINTING BAR. CHART

570 PRINT 580 PRINT

590 PRINT BAR CHART

BOUE S PRTINT ™, s oo B 0 A S M oA g

L 0 1 "

610 PRINT

610 PRINT

660 FOR 12=ITON

665 1=IS(12)

670  IF EFT{]) = &91) - THEN 5§ = “*” ELASE =

690 SLACK =LST(1)-ESI(l)

700 PRINT TAR (1); 8S; TAB(4); C$(I); TAB{10); DUR(T); TA.13(15,);:
SLACK; TAB(EST(T) + 20)

716 FORJ=1TO DUR{)

218



720 PRINT “37;
730 NEXT J
740 FORK=1TQSLACK
750 PRINT “:™;
760 NEXT K
770 PRINT
775 PRINT
780 NEXT 12
790 PRINT
795  PRINT
00 4 2
880 END
1062 I1=1
1063 X =100 + NLAST
1064 X$ =RIGHT$ (STRS (X, 2)
1065 FORJIJ=1TON
1066 IF RIGHT § (C$(J), 2) <> X$ THEN 1070
1067 IBh=J:I=1I+1
1070 NEXT ]
1071 IF1>N THEN 80
1072 X=X-1
1073 X$ =RIGHTS (STR$ (X), 2)
1074 GOTO 1065
APPENDIX-II
Input Data of the problem NPLAUNCH Page : 1
Activity Activity Start | End Normal Crash | Normal | Crash |
number name node | node: duration duration| cost cost
1 <DESIGN > <1 (<3 | <+300000> | <0 > | <0 >| <0 >
2 <RESEARCH > |<1 >|<§ >| <+1.00000> | <0 > <0 >| <0 >
3 <ANALYSIS > |<3 >|<9 >| <+2.00000> (<0 z|<0 >|<0 >
4 <MQODEL > =3 > (<7 >| 4300000 |<0 >|<0 =| <0 =
5 <BROCHURE > <3 >|<35 > | <+200000> |<0 >|<0 > <0 >
6 |<COST > <9 > |<13 >| <4300000> |<0 >|<0 >| <0 >
7 <TESTING > (<7 > (<13 > <+4.00000> | <0 >|<0 >| <0 >
8 |<TRAINING = |[<3 =<1l =| <+2.00000= (<D =|<0 =>| <0 =
9 <PRICING > (<1l >|<13 > | <+1.00000> |<0 >|{<0 >| <0 =
10 |<REPORT > |'<13 >|<ls = | <+1.00000> <0 >1<0 >| <0 >

APPENDIX-III : TYPICAL REPORT CPM SOFTWARE

CRITICAL PATH CALCULATION

Activity | Duration EST EFT LST LFT Slack | Cr.Path

No. Days Rem
03 5 0 5 0 5 0

05 1 0 1 6 T 6

09 2 5 7 7 9 2

07 3 ] R 5 R 0

05 2 5 7 5 7 0

11 4 7 11 /) 11 0

13 4 8 12 8 12 0

13 3 7 10 9 12 2

13 1 11 12 11 12 0

15 1 12 13 12 13 0
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1-03 5 0 . $8$58
1-05 1 6 Fusaia:
3-09 2 2 85::
3-07 3 0 333
3-05 2 0 35
5-11 4 0 5588
7-13 4 n 5553
9-13 3 2 888 ¢
1-13 1 0 g
8-15 1 0 $
APPENDIX-IV

InstaPlan-ITT

InstaPlan is an innovative project planning software package that helps you plan with
power. Manage with perspective, and communicate with clarity. Its a fast and natural
way to plan. Start with broad objectives and as you progress, pet down to detailed
action plans. You can manage your operations efficiently and effectively, using
techniques like PERT and CPM without poing through a whole leaming process.
The multi-project outlining feature of InstaPlan letz you define activity list-, for the
(Efferent projects which use common resources of your orgenisation, into a gingle
plan. Now Outlining supports codes for activities and lines to display the structure.
You can then view the load on each resource for the combination of activities of the
entire project. Based on the loading you can prioritise resources allocated in eight
different ways.

Planning with InstaFlan

You can use any of three different options for planning in InstaPlan or a combination
of these within the same plan,

Normal Planning follows the standard Critical Path Method. In this case, InstaPlan
assumes that all activities lead to one objective, showing the earliest start dates and
slack for each activity.

Deadline Planning works backwards from the fixed end-date of the project and shows
you the latest possible start dates for each activity. Here, slack for the activity is
ghown before the duration of the activity.

The Critical Path and the slack are computed for each project baged on the planning
option when gither of the above methods is used,

Open-ended Planning can be used when there is no single final objective to be met
but several separate activities are to be scheduled, assigned and managed.

Scheduling

InstaPlan schedules activities sequentially in the order they are entered. Complex
scheduling links between activities can be handled through a separate Schedule
option. You can schedule an activity to start or end on a definite calendar date or
mark it ag an independent activity. You can "pad" an activity for extension of
duration or mark it as a "Milestone®.

Resource Allocation

InstaPlan allows you to define resources such as people and equipment for the project
or activity in the Resource View. Once the resources have been defined for capacity,
unit cost and its accrual period are allocated to various activities. You can enter
asgsignments such as hours of work required or units of meney, in the Spreadsheet
View.
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InstaPlan automatically computes the cost of the activity and sums up the total for the

project. If any of the resources are overloaded, you can shift work to another resource

or increase the time allocated for the project. Now, you can save the plan as a

Reference Plan for tracking the Project.

Views

InstaPlan allows you to look at your plan through zeven different views.

o Activity View shows you the activities and the time estimates,

e  (Gantt View shows you the activities as bars against time in days, weeks, months,
{quArters or years.

¢ PERT View represents activities with their linkages and highlights the Critical
Path.

s Resource View allows you to define resource capacity, cost and accrual peried.
Re-gources could be in units of time or money.

¢ Spreadshest View helps vou to allocate resonrces to activities and computers
costs for the activities and plan,

» Resource Loading View shows you the load histogram of resources utiliged in the
plan / activity. It helps you to identify overloads and level resources.

o Calendar View lets you define calendars for each of the resources, taking into
account their individual holidays and workloads.

In all the above views, the Focus Form can be used to define very specific sets of

activities based up conditions such as date range and status of activitics, The view of

the plan then displays only the activities that meet the Focus conditions. You can use

Focus Form to search for activities based on their code, with a "wild card” option.

Tracking

The tracker option enables you to create a reference plan at the beginning of your

project to record Project History as the project progresses and adjust dates. The

progress for an activity can be given as percentage of total quantum of work. You can

view the variance and progress in the Gantt View. InstaPlan keeps track of the

commitment for each activity in itz Project History database, This can be viewed at

the stroke of a key. It lists the details of past work done and its progress.

Forecasting

Thig option helps you egtimate the future schedule of the plan based upon the current

actual data. You can use this as a quick "What if" tool. InstaPlan provides three

gpecial zcreen digplays to help you can compare the current status of your project

with the Reference Plan:

¢ The Gantt Variance View, to show changes in schedule.

o The Spreadsheet Variance View, to show changes in schedule and cost.

» The Loading Variance View, to show changes in cost versus time,

Annotation

The electronic Notepad of InstaPlan lets you annotate activities, resources and

asgignments in detail. These notes can be selectively viewed, printed or included in

the Activity or Resource reporis. There is also a pop-up calculator. You can move the

result calculated to a cell in, the Spreadsheet or to the Notepad,

Transfer

Activity and Regource lists may be imported into InstaPlan from ASCII or Ready

files. They may also be exported to ASCII or Ready files from IngtaPlan, Information

from the Spreadgheet View and on Regource usage, can be exported to either 1-2=3.

WKS of dBase.dbf file,

Networking with InstaPlan

InstaPlan on LAN facilitates the consolidation of individual department plans to an

organisation plan of a larger size, This is possible with one of the nodes having EMS

for accommodating larger size of plans. Also allows sharing / view of plan files

across users in the network in a distributed environment of LAN installation, The

basic networking requirements of file sharing, security and data integrity is fully

implemented. This supports an unlimited number of nodes on the network.
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Reporting
A variety of reporis and charts can be defined and made available ag you need them,
The Report Definition option enables you to view projects on different criteria and to
do exceptional reporting.
The bagic management reports are Activity Report, Resource Report and Schedule
Report. The Spreadsheet Report presents activities in rows and resources in columns
for a specified time period and gives you information on cash outflow and "to do”
activities.
The presentation charts are the Gantt chart, Resource Usage chart ad Activity chart,
The network diagram of your plan can be printed using the PERT module available.
IngtaPlan supports a vatiety of dot matrix printets and HP Laser Jet Plus compatible
laser printers for outputs.
For the best quality presentation outputs, the chatrts can be scaled and printed on any
HPGL compatible single or multi-pen plotters of any size,
Technical Specifications
GENERAL
-- Seven integrated views and three vatiance views
== 14 bagic menmu commands (Insert, Edit, Move Focus, Print efc.)
-- Extensive on-screen context sensitive help
-- Monochrome, Colour, EGA and VGA monitor support
-- Allows Batch Append of departmental plang
-- Totally compatible files with IP II
== Percent indicators for all operations
-- Export of Lotus 1-2-3 and dBASE III Plus with focus conditions and current
expansion
-- Capacity of 400 activity plans in normal ussge without Expanded Memory
Specification. The actual limits with EMS (LIM 3.2 and above) can be
computed from the following table with an activity description of 10 characters
and resource description of 10 characters.

Spreadshect cells Max. no. of Memory Required
per activiry aclivilies thousand aclivities

0 30000 190k

2 15000 350k

3 10000 440k

4 8000 500 k

5 6000 590 k

6 5000 650k

Without notes, the maximum plan size requires ¢ MB of EMS. While notes do not
use memory, they do require disk space. The maxitwrm IP Plan size is limited to 15
MB. Hence one will be limited to 9 MB of notes on a maximum plan gize of ¢ MB.
ACTIVITY OUTLINE
— 11 level outline format with code and line support for wotk Break Down
Strocture. Each level summarize schedule, manpower and cost.
— Collapse, Expand and Focus for display and printing - Estimate in worktime,
work quantity or ¢lapsed time
— Unlimited sequential and overlapped connections at any level and across
levels
= Focus form with option for acarch based on Activity Code with wild card
possibility - Optional delays on connection, startg and completions
— Schedule by houts, reported by days, using estimates, connections,
assipnment and multiple calendars
— Easy ingert, delete, editing and reorganigations
— Reference acheduled saved for true variance analysis
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RESOURCE OUTLINE
= 11 - level outline for resource breakdown on skill / function, indented on
screen. Each level aggregates cost, capacity and loading.
== Collapse, Expand and Fide for display and printing
-- Time or money category of resources
-- 4 ways to accrue cost
-- Individual Regource Calendars, capacity set by day
-- regonrree leveling to % of capacity by day / week / month
-- 8 ways of adjusting Resource loading within MultiProject Plang Locate
overload facility
-- Reference cashilow saved for true variance analysis Spreadsheet and
presentation chart format output
WORK ASSIGNMENT SPREADSHEET
— Activity outline tows by Resources outling columns
-- Simple notations for agsignment
-- Asgign work by rate, amount, durations and combinations
== Rollup on all group rows and columns in cost and man hours
-~ Sparse Matrix Memory Management and extensive format control
-- Move and copy command to Shift Work among people
== Allowa positives and negatives for cash outflow and income
-- Tabular and spreadsheet format output
-- Reference assignments saved for true variance analysis
SYSTEM REQUIREMENTS
— IBM PC-XT or PC-AT or AT 386 or 100% compatible with 640 KB RAM,
one floppy disk drive 5'/4" or 3'/t" and one hard disk drive
-- Dot matrix printer 80 / 132 column ot HP Laser Jet plug compatible Laser
printer
-- HPGL compatible Plotter
-- EMS cards of minimum IMB RAM with LIM 3.2 or LIM 4.0 specification,
optionsl
-- DOS ver 3.2 or higher
FORNETWORKING

— Novell Netware ELS Ver 2.12 upwards with a 80286 / 80386 based
dedicated server with appropriate disk storage and RAM of minimum 2 MB

-- Nodes to the server as PC-XT/ PC-AT with 640 KB RAM and hard disk for
local storage

-- EMS card of IMB at nodes, optional. All tradematks nsed are registered
trademarks of their regpective owners.

APPENDIX-V

What HTFM Docs

If you manage projects and regources, HTPM enhances your ability to control your
work. It helps you design projects, track them, predict their cost and resource needs,
use time and money efficiently, and produce regular and informative reports.

* You can build and refine a project on the screen as a network (called a
roadmap) so you can see how the tasks are related to each other, The
roadmap is cagy to change when you want to consider what-if questions, or
to reflect changes in a developing project.

s A completed roadmap shows the critical path (the set of tasks that determine
the length of your project). You can direct your attention to where it will do
the most good.

¢ HTPM translates lengths and costs of tagks into a schedule bar chatt and a
cost graph. You can track a project as closely as you wish.
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o  You tell HTPM what your resources are and how you're using them on each
tagk. HTPM draws up allocations and loading graphs to show how each
resource is allocated, and how much of each resource is in use. Its easier to
minimize time and costs, and to uge regources ¢fficiently.

« HTPM lets you tailor the project calendar to your company.

o If your projects are large and complex, you can break them down into any
number of subprojects, and combine them into one super project. HTPM
handles all the computations and automatically carries information from
subprojects to the next higher project level,

e« HTPM can print a variety of reports on your projects and resources,

You can transfer project and resource data to a form that most spreadsheet programs
accept.

APPENDIX-VI

ABOUT MICROSOFT PROJECT
Creating schedules and fignring costs with Microsoft Project

Microsoft Project can help you with a variety of scheduling and costing tagks. You
can yge it for handling schedules that range from the simple to the complex,

Microsoft Project is flexible. Whether you area novice or & seasoned scheduler, you
will be able to use Microsoft Project to schedule projects in the way you find most
comfortable.

Microsoft Project is versatile. You can use it to schedule individual, small group, or
departmental projects; to plan projects for a staff of four, or to oversee and integrate
activities for several departments, You can also combine separate achedules into a
master schedule,

Microsoft Project is fast. If you change information about & project, you can instantly
gee the impact of the changes.

When you enter information about your project, the program does time and cost
calculations, and digplays a graphic schedule. This schedule, sometimes called a
(antt chart, shows not only when each activity begins and ends, but also which
activities need the most attention to make sure the project gets done on time.

Microsoft Project can also display another kind of graphic echedule - 8 PERT chart.
A PERT chart is a kind of flow chart, focusing on the order of the activities and the
way they interrelate rather than on the start date and finish date for each activity.

Microsoft Project can help you answer such questions as these:

¢ How, long will this project take? Can we meet the contract completion date?
o If this activity is delayed, will the entire project slide? If so, by how much?
» How can we tell if we are on schedule in time to correct any problem?

s What are the critical relationships between specific activities? Can they be
rearranged to provide a emoother flow of operations?

s  Carry the resources of an external project over to the master project.

o Store special or additional notes on any given activity using the new Jot
command,

o  Set gtandard workdays and workwecks using the new Standard command.
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MANAGEMENT DEVELOPMENT INSTITUTE :
PROJECT APPRAISAL PROGRAMME INPUT FORMAT

NAMEOF THEFIRM : XYZ & CO. PROJECTED SLAES
DATE: - 1640342 @ 100% CAP. UT 5500
PROJECT LIFE: 10 18T. YR OF REPAY ME 4
COSTS AMNNUAL RATE OF INC. IN=
CAPACITY UTILIZATION YR 1 S0.00% SALES PRICE 14.27%
MATERIALS COST AS % OF SALES 34 206 MAT.COST 10,005
UTILITIES AS % OF SALES 370% UT. COST 7.00%
Isi YR LAB COST(% SALES) 1860% LAB.COST 15.008%
Isi ¥R FACT O/H (% SALES) 14.20% FACOV-HDS 13.00%
Ist YR Réed EXP(% SALES) 050% R&D EXPENSES 2,005
CAPACITY UTILIZATION FINAL B5.008% CAP UTILIZATION 7,508
[s1 YR. ADMN, EXPENSES(Rs) 39 ADMN. EXPENSES 15,004
TOTAL SALES EXPENSES 1.63% SALES EXPENSES 5.00%
AS % OF SALES
ROYALTY AS % OF SALES 1240% YEARS TO BE CHARGE 4
RAW MAT INVENTORY-DAY 35 WIP INVENTROY DAYS 25
% SALES 328% - RSALES  4.84%
FIN. GOODS INVENTORY-DAYS 30 RECEIVABLES - DAYS 30
-G SLAES 7.00% “HSALES  T01%
INCREMENTAL CAP EXPENDITURE 6961 INCOME TAX CODE 3
SALVAGE VAL UE (%) 5.0% |==3NO BENEFIT 22.4%

2= = > BOHH BENEEIT
WORKIG CAPTIALAS % OF SALE  220% 3 == > QDHE & 801 BENEFIT

TAX HCOLIDAY IN YEARS 4 RATE OF SUBSIDY F0.00%
FINANCIAL EXPENSES

INT. ON TERM LOANS(3CHEME) R

INT, O WORKING CAPITAL 1605

INT. ON TERM LOANS (EXISTING) 1209 TERM LNS {EXISTING) 0
INT. ON UNSECURED LOANS 15.0% UNSECURED LOANS 253
INT, GN DERENTURE 13.5% DEBENTURES 0
INT. ON DEFERRED CREDIT 12.0/% DEFERRED CREDIT ]
RATE OF GUARANTEE COMMISSION L1 30% GUARANTEZ AMOUNT ]

OTHERINCOME(NETTY ¢ O D 0O 0 0 0 0 40 0
MISC EXP WAOFR T TN Y N N T O O |
DISC. FAC. FOR NPV O 0 b 000 a0

MAX, EQUITY DIVIDEND=*==*  EQUITY 204
PREFERENCE DIVIDEND *=**=  PREFDI 30

NRDYFURCH. TAX o o0 0 o 0 0o 0 0 0
{SUGAR ONLY ) a0 0 0 0 00 108114 115
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DATA ENTRY FORMAT

ITEM OF COST Rs. in Cont. Depn. Repair &
Lacs Rate Rate Ist Yr. 2nd YT,
LAND & LAND, DEY, 230,00 0.5% 0.005 0.00% 0,00%
BUILDING & CIVIL WORKS 50000 10.0% 1000055 1.00% 1.50%
FLANT AND MACHINERY 200000 10.0% 33.33% 2.00% 2.50%:
AUXILLIARY EQUIPMENTS 750,00 100,05 2040 2.00% 2.50%
MISC. FIXED ASSETS 35000 10.0% I_IE.CI[}% 2.00% 2.50%
VEHICLE 50000 1009 20.00% 200% 2.50%
TECHNICAL KENOW-HOW 100000 10.0%
CONTINNGENCIES 511,25
PREL. EXPEMCES 350.00
PRE-OPERATIVE BEXFN 400.00
MARGIN FOR W.C, 34997
TOTAL PROJECT COST 692122 T1.00 9730
MEANS OF FINANCE DEBT-EQUITY RATIO 2
PROMOTERS CONTE. TOO
EQUITY (FIN. INST.) 1000
SEED CAPITAL (IDED 200
INVYESTMENT SUBSIDY 20
TEFR SUBSIDYY 100 2320
FREFEREMCE EQUITY 300
UNSECURED LOAN 263 .06
TERM LOAN SHARE OF TERM LOAN
A) SIDC S84 013
B} SFC 1751 038
C) COM. BANK 876 e
DEFERRED PAYMENT 1167 4641 .25
TOTAL PROJECT COST 6941
MANAGEMENT DEVELOPMENT INSTITUTE :
PROJECT APPRAISAL PROGRAMME QUTPUT FOR MAT
Estimzes of wst of podition & profitbiliy
1900 1991 1982 OO 1903 19BS 1996 1997 TGS (00
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UNIT 16 MANAGING TRANSITION FROM
PROJECT TO OPERATION

Objectives

After going through thiz unit you will be able to understand :

= the process of transition from project, usually construction phase, to operation

« the role of various disciplines in testing and commissioning

¢ the importance of advance planning of commissioning and integrating it with
project execntion

+ the need of close co-ordination amongst internal and external agencies for fail-
gafe commiggioning

¢ development of apreed procedures of handing over and taking over

s riticality of proofing tuns and trial production whete applicable

¢ costing and capitalisation of assets

Structare

16.1 Introduction

16.2 Objective of Commissioning

163  Organisation Matrix for Commisgioning

164 Planning for Commissioning

16.5 Forecasting Requirements of Commissioning

16.6 Quality Assurance during Manufacturing

167 Quality Checks of Equipment on Arrival at Site

168  Concept of Total Quality Management in Projects

169 Handing over/ Taking over Procedures

16.10 Proofing Runs & Trial Production

16.11 Costing and Capitalisation of Assets

16,12 Summary

16.13 Self-Assessment Exercises

161 INTRODUCTION

Projects are plans of action for “pushing forward' or “hurling forward’ an organisation
in the comity of the corporate world. Projects are also construed as processes of
transition end signify management of change. However, within a project, changeover
from construction phase to operational phase is the most crueial and critical.
Pictoﬁally,ﬂ:isphasecanbeshownasinFigure 16.1:

Ph 1 //7 % &\
§§ Com:;:?lectmn ; Testing & Commissioning Dperations

Fig. 16.1

The project is initially visualized as one entity but as soon as it is sanctioned, it is
divided into functionsl segments viz., civil and structural engineers are engaged in
designinp, procuring, expediting supplies for delivery to construction site and
erection of civil building and structures in verious geographical zones. Mechanical
enginecrs are concerned with designing, ordering, expediting and inspection during
manufacturing at suppliers' works and later erection at site, Similarly piping
engineers, clectrical engineers, ingtruments engineers look after their respective areas
of specialisation.

However, when the entire project has been erected as per the design / drawings, it gets
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Project Completion converted inte a viable and integrated plant only after it has been successfully put
and Evaluation through the transition of testing and commissioning. (Fig. 16.2).
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16.2 OBJECTIVE OF COMMISSIONING

Project implementation iz accompanied by large outflow of capital expenditure.
Naturally, entreprencurs keenly look forward to the earliest pogrible day when the
new plant will start producing goods and services which would generate revenue as
they are sold in the market, It is, therefore, important that commisgioning of the plant
achieves the following :

i} Commissioning proceeds smoothly without any conflict among the project and
operating personnel

ii} Minimal problems arige from unforeseen accidents leading to damage to
equipment, personns] and materials

iii) Commisgioning is completed in the minimum possible time

iv) Commissioning i3 planned and phased such that it evens out the workload of
commigsioning crews

v) All raw materials, spares etc. for cotmmissgioning and trial production have been
ordered along with the equipment and are received at the construction sites well
on time.

vi} All check sheets for precommissioning tests and written commigionmpg
procedures incorporating the manyals of equipment supplicrs efc. are available
complets with requisite drawings.

vii) Where wairanties are applicable and contracts provide for commissioning and
first charge of mw materials in the presence of representatives of equipment
suppliers, they are available on hand to meet the schedule.

163 ORGANISATION MATRIX FOR COMMISSIONING

In large organisations, commissioning is handled in the following two ways:
8} Commissioning by Operations

Project management is a multi-faceted activity-simultaneous to project engineering
and execution. Organisations have to nominate the “operations and start-up' team-
which is a group of persons who would man the manufacturing unit. As a rule, they
ghould be brought in early to learn and train themselves in the new technology ot
liaise with project team to ensure that the ultimate purpose of the project is
adequately taken care of. Start-up or commissioning teams are multi-disciplinery and
have representatives from process, mechanical, electrical, instramentation etc.
OCperations / Production Managers aseign various commissioning teams who would
take over the plant, unit by unit, after phygical checks from the project construction
team and then proceed to carry out all no-load tests as stipulated. This is followed by
loading of equipment including topping up of oils and lubricants of the specified
grade and quantity and carrying out tests as per the written procedures for
commissioning prior to undertaking trial runs for production. During this peried,
project construction personnel are expected to standby and render whatever help is
requested by the start-up team.
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b) Independent Commissioning Teams Menaging Transition from
Arising from the requirements of increaging sophistication in technology, automation Project to Operation
and consequently low intervention of human beingg, there is a trend in large
companies to create specialist commissioning groups who are assigned the
reaponsibility of teking over plants from construction teams and then carrying out
thorough testing and commissioning checks and hending over to operations personnel
for regular production. Creation of specialist commisgioning group by large
companies like ICT has enabled them to,
i} reduce time in testing and commisgioning
ii} minimice untoward technical / engineering problems
iii) ensure better checking and documentation for subsequent use by operations
and maintenance
iv) provide independent check on quality of construction and facilitate / promote
quality in projects
v) improve inter-personnel relations by playing "honest brokers' between project
construction and operations teams

164 PLANNING FOR COMMISSIONING

Large manufactyring plants comprise of the main plant-battery limits and a host of
service and utility plants, amenities etc. Service Plants might cover incoming power
supply and receiving station, power distribution substations, raw water, filtered
water, treated water, cooling towers, boilers, fiel oil, hot oil, gas or compressed air,
diescl gencrating sctz etc., begides central workshops for mechanical, electrical,
instruments, materials ete., craft training centre, storage buildings for raw materials,
packaging, maintenance spare parts, tools and finished products, welfare amenities,
canteen, offices ete.

For commissioning the main plant or a pertion of it, we require to commission all the
related service plants and utilities, amenities ete. For example, if we are to
commission the Main Plant by March, we would have to make all the service units
operational before that, Similarly, service plants are alzo interconnected. We cannot
commission boilers until the water treatment plant is operational and water treatment
plant cannot be commissioned until both raw water and power supply and
distribution are established and so on.

It is alzo prudent to phage out the commissioning of these service plants so as to
optimize the utilisation of scarce resources of professional commissioning personnel

16.5 FORECASTING REQUIREMENTS OF
COMMISSIONING

A number of organisations have learnt at their own cost, the peril of delayed
commisgioning and dangers of not predicting and providing requitements of
commissioning: These days rigorous dril is like "Hazardous & Operability Study’ at
the early design stage have been made mandatoty in project- diven organisations.
These exercises examine the operability of the plant in diverse situations in a
gystematic manner. In the process they enhance the technical knowledge and skills of
project and operations personnel besides highlighting the additional safety features
required to be built to ensure trouble free commissioning and subsequent operations.
Forecasting of commissioning requirements has to ztart from the design stage itself-
design engineers must have the necessary training and orientation to incorporate all
the data / information including requirements of recommended commisgioning sparcs
with the requirements of erection viz.,

i} mechanical drawings for equipment

ii} circuit drawings for equipment

iii) commisgioning manual for the equipment spelling out checks to be cartied

out at the time of commissioning

iv) recommended spares for commissioning

v) related guarantees, warranties and expett supervision required and offered.
All the ahove requirements for commissioning besides inspection and quality checks
/ tests
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at mamifacturers' works must be included in the design engineers' requisition on
procurement. In India, suppliers of equipment do not furnish these informations and
are loath to offer inspection / quality checks unless specified in the purchase order. It
is imperative that these are suitably incorporated in the contract. Wherevet possible,
payment to vendors may be linked to their furnishing theze vital documents and
drawings.

Activity 5

Cite an exampls of the organisation structure and procedure in an organisation for the
commisgioning of project.

16.6 QUALITY ASSURANCE DURING
MANUFACTURING

Smooth, uninterrupted commissioning resultz from a large number of factors which
need to be monitored and controlled from the early stages of project execution. The
role of quality management is paramount. This must include the following aspeciz:

i} Determining quality agsurance plans and procedures and agrecing upon these
with the suppliers.

ii} Instituting checkpoints for raw materials, in-stage inspection during
manufacturing and final check / performance test at the manufacturers' works
prior to dispatch of the equipment.

iii) Prescribing third party, statutory check and enjoining submission of all test
reports a8 an essential part of the contract and linking it with payments to the
guppliers.

16.7 QUALITY CHECKS OF. EQUIPMENT ON
ARRIVAL AT SITE

As an cssential part of the comprehensive ayrtem of project management, all
equipment and materials, immediately upon arrival at site, must be subjected to
formal ingpecting and checking even though the same has been carried out at
suppliers works prior to their dispateh, This will bring out any possible damage to the
equipment enroute owing to accident, manhandling, transhipment ¢te. This cheek is
extremely important for fragile equipment like instruments and other electronic
equipment. In the event of damage, replacement must be ordered / arranged
gimultaneous to lodging and processing of claims for insurance etce.

Besides, transportation of materials from suppliers to construction sites shounld be
handled through nominated carriers as information regarding carnage of materiala
and their status of movement plays a major role in penultimate stages of project
completion.

16,8 TOTAL QUALITY MANAGEMENT IN PROJECTS

Total Quality Management (TQM) stands for total Quality Mindsets. If we are to
achieve (TQM) fail-safe system of project management, we not only require an
unimpeachable commitment to quality but also to the necessary supparting
procedures and documentation. If we have to achieve excellence in project
management, we must endeaveur to accomplish tasks right first time every time, Any
cutting of comers on procedures and documentation may land us in serious problems-
remember even a needle can hold us back from our target!
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The following checks should be incorporated into the project management Managing Transition from
procedures and documentation: Project to Oiperation

a) Materials

i} Whether all the systems, equipment and items included in the gcope of
project and in the initial cost estimates have been designed and indented fior

procurement

ii} Whether all items indented for procurement have been fully ordered out on
suppliers and contractors

iii) Whether all items ordered have been manufactured and delivered to site and
paid for

iv) Whether sll items delivered at gite have been properly checked, inspected,
tagged suitably and stored safely

v} [Inthe event of any damage to materials and equipment, whether replacement
gupplies have been ordered.

b} Drawings / Documentation

i} Whether there is a fool-proof method of sending all dmwings, however
preliminary to construction site duly marked *for information’ or *for
construction'. Also, to check if there is a reliable procedure of sending all
revision drawings to site

ii} Whether there is B proper procedure of sending all documentations, sketches,
material ligts, manuals for erection, testing and commissioning to site as soon
as the game are received in the central project office

iii) Whether there iz a proper system of receiving, filing, storage and distribution
of drawings, documentation at the construction site. Alzo old issues of
drawingg are not mixed with the current drawingz. There should he 8 system

of maintaining one set of master drawings centrally and in safe custody to
avoid pilferage, loss or spoilage.

Activity 6

Describe the quality control procedure in project management existing in an
organization you know of

169 HANDING OVER/TAKING OVER PROCEDURES

‘When the project construction reaches the stage of phygical completion, it is
customary for the construction team to prepare a certificate for handing over of the
entire plant or in units complete with drawings, decumentz etc. All project
organisations have pre-agreed procedures in a standard format to avoid any
confusion. On receipt of the same, the operations department checks the building,
structures, plant and machinery from the viewpoeint of taking over the same in
relation fo the agreed scope - detailed project report, process flow diagrams, line
diagramg cte, Thig detailed scrutiny may result in the followings :

a) Deviations

Deviations repregent major departures from the agreed rcope. Components of job
included in the scope and not built are stated here. As a rule project personnels have
to install these to agreed schedules. This also reflects poor project execution,
However, once a while, there might be agreed deviations and operations department
may take over the plant as these deviations, albeit major ones, may not impinge upon
its current production schedules.
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b} Exceptions

These are departures of minor nature. Based on the preliminary list prepared by the

operations department, project personnel complete these in the spirit of live and take.
Usually a mutually acceptable time table is worked out and adhered to.

16.10 PROOFING RUNS AND TRIAL PRODUCTION

Arising from accepted practice in the industry or contractual agreement, project
personnel are required to support trial production. Proofing runs for continuous plants
ghould cover three days continuous operations and for batch plants, these extend over
three batches of production. Generally an overall output of 85% of the designed

capacity is acceptable.

Liquidated damages, I any for not achieving the designed capacity would be as per
the stipulations of the contract. Procedures for proofing runs have to be detailed in
the technical gpecifications. Likewige predetermined procedures for documenting
Proofing Runs should be followed. The initial trial rung of production are chargeable
to capital account and should be monitored accordingly.

16.11 COSTING AND CAPITALISATION

Expenses incurred during this conversion process viz testing snd commissioning
including trial runs of production are collected separately under a suitable cost cent'e.
Costs include expenses on raw materials, oils, lubricants, greases ete., as also cost of
spare parts used during commissioning. Besides, testing and commissioning costs
cover all expenses incurred on wages and salaries ete., of commissioning team and
are compiled under this cost head.

As a part of commigsioning, project department must compile the capital asset
register complete with all the relevant costs of major equiprment and ancillaties under
various capitalisation heads viz., 'buildings plant and machinery including supporting
gtructures, office equipment, furniture, rolling stock etc. The comprehensive list of
asseis in the register and the associated costs have to be authenticated by the
enginecrs for the finance department before these are capitalized. The entire process
is also subject to usual financisl audit. It is, therefore, imperative to compile all
expenges during the testing and commisgionin® phase in a proper and systematic
anner,

16.12 SUMMARY

A project is a multifunctional activities involving a number of specialists from
different ficlds. Entreprencurs keenly look forwarnd to the earliest possible day when
the new plant will start producing goods and services. Forecasting of commissioning
has to start from the design stage itself. Smooth, unintermupted commissioning result,
&umalargenumb&roffactﬁrswhichnaedtobamonitoredandmntmlladﬂ'omthe
early stages of project execution. Total quality management in project requires an
uninterrupted commitment to duality along with supporting procedures and
documentation:

16.13 SELF-ASSESSMENT EXERCISES

1} Describe the objectives, planning procedure and organisational structure required
for commisgioning of projects.

2} What quality control methods are prevalent in project management?

3) What is the costing and capitalisation procedure adopted for project
management?
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UNIT 17 PROJECT COMPLETION AND
EVALUATION-PROJECT REVIEW

Objectives

After going through thiz unit you will be able to undersiand :

s the process of control and its indivisibility from planming

« the role of project review during implementation

¢ the mechanics of co-ordination in projects

s the critical elements in control

¢ the universality of confrol & communication among men and machings
¢ the motivational aspects of monitoring

Structare

17.1 Introduction

172  Indivisibility of Planming & Control in Projects
173  Importance of Project Review

174  Project Co-ordination Procedures

17.5 Elements of Control in Projects

176  Concept of Cybernetics

17.7  Project Planning Procedures

178  Project Reporting

179  Monitoring and Motivation

17.10 Teamwork in Projects

17.11 Summary
17.12 Seli-Assessment Exerciges

17.1 INTRODUCTION

Project work requires a large mmnber of persons of different disciplines and
gpecialisation. Projects are assignments which are utique and non-repetitive and have
to be accomplished within agreed schedules, budgets, performence parameters of
capacity and quality. Project reviews play a vital role in taking stock of the progress
by measuring and evaluating the current status and in the event of glippage, to take
appropriate remedial meaaures in all areas and at 811 levels.

17.2 INDIVISIBILITY OF PLANNING AND CONTROL
IN PROJECTS

All projects must be planned in great details before they are laumched for
implementation. Planning by network analysis is a graphical exercise and is
described as literally building the entire project on a piece of paper before its actual
execution. Thig is a simulation of how the project will be split into variour packages,
engineered through design, procurement, manufacturing with suitable quality checks,
delivering to construction site and then erecting at different geographical Jocations as
per the desipn. These phyzical assets are then theroughly tested and commissioned
into a viable plant. A schematic of the entire process of project management is as
shown in Figure below:

A Project Manager draws up a detailed action plan for the entite project in
consultation with members of his team belonging to specialist functional departments
and then, as the project implementation proceeds, data relating to innumerable events
is collected, measured and evaluated, through a monitoring cell, and used as input for

replanning of the current project o7 for planming new projects in future. Management
of projects has two distinct phases viz.,
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Fig, 17.1

Planning, signifying "Plan your Work' phage and Controlling, implying “Work your
Plan' phase. If any one of the two phages is missing or is curtailed, it will snap the
loop or the chain and will impair the process of effective project management. In
project management, planning and confrol are the two indivisible sides of the same
coin of management -one cannot function without the other. (Fig. 17.1).

17.3 IMPORTANCE OF PROJECT REVIEW

The entire aspect of “control' is covered by the concept of project review which must
be carried out from time to fime as the project journeya forward during
implementation, Project review meetings are necessary to convince key personnel
that orderly progress is being mads on the project. These meetings are held at various
levelg as below:

8} Project Team review meetings usually chaired by the project manager.

b} Top management review meeting whete project manager reports the status or the
project and highlights problem areas and how the same are being resolved.

¢} Customer Review meetings wherein prime focus is to repott the statug of the
project to the customer or to the end-user, highlighting problem areas and mode
of resolving them. The spproach should be to involve them and welcome their
help and input in resolving problems and expediting implementation.

Keeping everyone on the project informed prevents surprises and shocks and builds
up invalvement and commitment, This paves a reliable way to secure support from
all quarters when any unforesesn situations arise and require concerted and co-
operative effort around to retrieve the project and put it back on the rails,

Project review meetings are like the practice sessions of a football teem. They
improve understanding, enhance feam gpirit and inculeate understanding among
project personnel. These also remove gags and overlaps, reduce friction and resclve
conflicts with or without external intervention.

Project review meetings set the tone, tenot, speed and momentum of project
execution and should be degigned to achieve specific tasks. Calling review meetings
for the sake of it should be avoided at all costs,

174 PROJECT CO-ORDINATION PROCEDURES:

A traditional definition of management is the process of planning, scheduling, co-
otdinating and controlling activities with a view to achieving the objective(s).
Network-based project management being an integrated technique of planning and
controlling also covers all the above agpects as shown Fig. 17.2.

Project matrix is rather large - a number of people have to be involved to ensure that
project execution is orderly, balanced and fiee of conflicts, Those projects which start
with exclugive kick-off conferences, followed by frequent meetings in the early
stages usually start with a higher level of disagreements and conflicts, Thisis a
blessing because identification of such problems in carly stages leads to their
resolution. As a result, when the project is orchestrate better with commensurate
itmprovement in their petformance and accormplishment.

236



Modify Project Completion end

OBJECTIVE -+ Evalustion-Projoct Review
Modih
PLANNING | =
DIRECTING  |e—2odify
Modify
CO-ORDINATION {=t—
| s i Feedback
i CONTROL ! s
Fig. 172

The initial phase calls for resolution of a number of adminigtrative and techmical
issues as below:

i}  Filing / documentation for the project

ii} Cost coding of the project

ili) Resolving areas of functional responsibility

iv) Co-ordination procedures amongst specialist functions and project office

v} Procedures for indenting, ordering, bill certification, bill payment ete,
inchuding limits of financial authority

vi} ‘Deliverables' another scope and schedule of release by functional
departments

vii) Planning and reporting procedurcs

viii) Schedule of project review meetings and their frequencies

ix) Co-ordination procedures with construction site

x} Co-ordination procedures for reporting to top management.

xi) Co-ordinaton procedures for reperting to customer

xii} Responsibility for compiling testing and commisgioning procedures

xiil) Handing over / taking over procedures

xiv) Data compilation for current project for use in future project planning
and replanning

xv) Close-out reporis

1753 ELEMENTS OF CONTROL IN PROJECTS

Project implementation rarely proceeds as per the forecasts detailed, in the network,
Project execution is not a rail-road journey in sometimes we are off-rail i.¢., behind
schedule and at other times, we might be on mil i.e., on schedule or ahead of it,
Periodic review of the project is essential to Lake stock of the Situation, to determine
the current status, to measure and evaluate with respect to agreed checkpoints or
milestones and to take corrective / remedial measures to bring the project back on
schedule by updating the activities, to increase /decrease their durations and level of
engagement of resources an(] hence costs. The key elements in control process are:
a) Establishing standards

If we cannot measure a thing, we cannot manage it. Network analysis helps us to
devise the yardstick for measuring our performance in execution. We establish
checkpeints or milestones which are simple criterion of performance and are
preselected for the entire route of project execution. These should he distingnishable,
measyrable and verifiable so that when reached, there should not be any controversy,

The ‘principle, of critical point contrel’ enjoin us to give attention to those factors that
are critical to evaluating performance against agreed /specified targets. Ability to
Select Critical poinss of control is the quintessence of management since sound

control depends upon this
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selection, Management of 'hard projects comprises control of time, cost and
performance parameters which are all tangible and can be quantified. In industry
particularly, in the menagement of “soft’ projects, one has to deal with intangible
gtandards e.g., meaguring the degres of success of a public relations campaign or
improving the response of personnel in an organisation. Considerable research work
is being done to measure the degree of success by developing suitable yardsticks for
evaluating these in “soft' projects and then evaluating the feedback with regard to the
yardstick.

b} Messuring performance against standards

Measurement of performance against atandards should ideally be a forward-locking
or on proactive basis with a view to detecting deviations in advance of their
occurrences, and should be avoided by appropriate corrective action in advance'. An
alert project manger can often predict probable perceive much ahead of schedule, it
should be uncovered as carly as possible. Every problem has a solution - it is and
consequently impacts adversely on the project completion.

In technical and engineeting projects, measurement of performance is relatively easy
as the milestones are specific, measurable, agreed and time-framed. However,
measuting performance against vague standards like enthugiasm and loyalty of
personnel, absence of strikes eic is difficult.

¢} Correcting varistions from standards

If performance is measured in Bccordance with the organisation structure and
responsibility, it is easier to correct the devistions because managers know exactly
where, in the assignment of individuals or groups, remedial measures have to be
applied. Cormrection of deviation is the point al, which *control' functions as a part of
the whole system of management and can be related to other manaperial functions.
Corrections may lead to modifying, planning or scheduling or co-ordination or
control procedurcs or in modifying / revising the poals. Thig is the “principle of
navigetional change. Corrections may be effected by re-assigning or clarification of
duties, additional manpower, better selection and training of personnel or through
better leadership - fuller explanation of jobg and other more effective techniques of
leading project management.

Activity 7

Describe the project planming, co-ordination and control procedure in an organisation
you know of

17.6 CONCEPT OF CYBERNETICS

Norbet Weiner who founded the science of Cybernetics described it as the science of
control and communication in animals and machines. It is derived from the Greek
word meaning *steerman’ signifying *steering’ or “piloting’. It now implies the general
theory of control applicable CO men, groups of men, machines, factory, industry,
society or national economy. Since management is a profession of control, it can reap
the greatest benefit from Cybernetics, the science, of control. Its approach is tmlti-
disciplinary. Herein, concept of control does not imply coercion or repression-it
standg for self-regulation. It deals with those attributes which make a system regulate
itself to respond to its environments and to adopt, to survive and evolve like living
animals who are far superior than any of the instruments of control derived by men.
Cybernetics aim to imitate such mechanisms of nature.

Living organisms regulate themselves and respond to environments through
feedback. Feedback device in living animals makes he “effect' to act back on the
“cause' or “causes'. This mechanism called the “homostasis’ regulates organs, glands
etc. and tegulates vatious
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fimetions of bedy such as maintaining body temperature, stabiliging the acidity ;value
of blood, regulating sugar content of bloed or for expelling foreign body from the
eye, nose or throat. It is the deviation from the normal (standard in our case) that
causes the secretion of some harmones or chemical substances ot cause to operate the
reflex mechanism in order to combat the imbalance and restore normal conditions,

Managers also actual performance, compare it against standards, identify /analyse
deviations, develop a programme of corrective action and implement it in order to
arrive at the performance desired as shown in the Fig. 17.3.

Messurement Comparisan of
Desirad e Actual —_— 1 ol Aciual ——p=1 Agtis]| Porformance
Performance Performsanoe Perfermance amainsl Standard

i |

| .

' Iysis of =
ImP]Emcnmﬁnﬂ - _ Action Flan ‘g’;ﬁi} Iﬂﬁg:;i;;:g.: of
of Correstion Tor Correction Deviatiana

Fig. 17.3
Activity 8

Describe a real-life application of the cybernetic approach to project management
control.

17.7 PROJECT PLANNING FPROCEDURES

A) Squared Networks

Since the quality of control i3 dependent upon the planning procedures, there hag
been congiderable innovation in this field. The development of the technique of
network analyses-both Critical Path Method (CPTVI) and Project Evaluation &
Review Technique (PERT) was necesgitated becauge of the inadequacy of Henry
Gantt's Barcharts in the changing and dynamic conditions of real-life. However, the
use of Barchariz as a method of planmning and conttol has persisted largely because it
is easy to understand, learn and implement. This had been engaging the attention of
reseatchers and has resulted in the development of 'Squared Netwotks'. These
networks combine the advantage of both Barcharts and Networks. Herein the length
of arrow in networks is proportional to the activity duration and all interdependencies
arc denoted by dropping "dummy' activities vertically from one node to ancther. It is
eany to conceive that critical path will be a continuous path, from atart to finish,
without any floats. All other paths, being non-critical, will have floats. Squared
networks have revolutionised the concept of control because it is now possible to use
progressing and meagurement techniques of the Barchart as also take advantage of
the interdependencies of network for tracking back the project to schedule by
modifying planning, scheduling, co-ordinating and controlling procedures and
updating activities as appropriate. A typical network for the manufacture of Vessel
and Stitrer Assernbly has been drawn in the following page. (Fig. 17.4).

The network spells out the jobs of different sections and departments clearly so as to
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facilitate identification of responsibility of individuals or groups. It may also be noted
that the critical path lies through all activitics relating to vessel - be it design
(preparation of drawingg), customer’s approval, issue of manufacturing / purchase
indent, ordering; delivery, receipt and final assembly. All other paths, being non-
critical, have floats shown as appropriate to the logic of network.

Progressing & Measuring Performance on Squared Networks

This is a further refinement of the use of curler for reviewing the progress of jobs on
the Barchart, Herein, we use a number of coloured pens or pencils to record the
progress during the review period which is usually a month, The review period can
be made shorter or longer as appropriate for reporting progress to operating or senior
managers. Timing of review is indicated in any cne colour, say green, by a vertical
line on the squared network. This is a substitute for the curser. Since the choice of
colour is unique for a time petiod, overlines drawn in that colour represent all jobs
done, complete or partial, during that time period. The overlines in green for the time
petiod on the activity arrows will be dtawn proportional to the work done viz., for a
job which is 100% complete, overline will epan across the entire length of the arrow
and so on. It is rather eagy to plot these overlines on the activity arrows - since
squared network is drawn on & time scale, overline can be drawn upto 50% of the
length of the arrow if it ia half complete. Alternatively, if it is going to take two more
weeks to complete, overline can be drawn upto the point which is two weeks short of
completion shown in the network ete, All progress made during the period of review,
represented by vertical green line, will be shown by horizontal overlines in the same
colour. For the next review period, another colour can be chosen and the entire
process repeated in the new colout as above. Figure 17.5 illustrates the process by
adopting a few legends viz .
If we use the above colour scheme, the following decision rules would emerge:
i} Ifhorizontal overline for an activity that continues beyond the vertical line,
remaing to the left of it, that activity is behind schedule.
ii} If for an activity which continuous beyond the vertical line, horizontal overline
just touches it, it is on schedule.
iii) If hotizontal overline has crossed over to the right side of the vertical line, the
activity iz ahead of schedule.

Progress of all other activities is marked with the overlines in the same colour in
proportion to their completion. This process, being graphical, brings into focus the
cutrent status of the project at a glance and is extremely useful for marking and
updating overall /summary schedules, in squared network format, on a single sheet of
paper. This is also 8 convenient method of retaining a brief history of the project
from start to finish.

b} Network-based Milestone Charts

As the project implementation progresses beyond the formative stage into basic
design, our knowledge about the scope and details of equipment ete. becomes better,
At this point of time, a very detailed network, equipment-wise is prepared for the
project ag a whole. The format iz such that it incorporates details of works for each
and every department or section.

Conventional barcharts have-not been found to be helpful as they do not represent
interdependencies nor the sequential relationships very cleatly. These batcharts also
do riot highlight the milestones which are the natural critical points of control
because, they are eaxily recognizeable, meagureable and verifiable. A gignificant
improvement in this area has been the development of Milestone Charts wherein each
item of equipment can he shown in Fig. 17.6.

For each department, one barline for each of the equipment is drawn showing clearly
the milestones by using the above legends.

Management by network analysis is not only 2 systematic indepth analysis of all
activities but it also helps to priotitize the sequence of activities such that the overall
duration is minirmum. In simple parlance, A implies that network analysis guides us
to desigh, rodent and order longest delivery items first, followed by not-go-long
delivery items, followed by
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e S . . S e—
{1 (@) (iif) {1v) (v) (vi) (vii) {viii) {ix)

Where T represents design, frecring specification ete. (i)
- HE stands for indenting for purchasing (ii)
—®  significs order placement (i)
S, nformation / drawing to vendar {iv)

__f_ . Information / drawing from vendor {v)
———= Delivery ex-works (vi)
e Shipment 1o site (i)
" Fabrication at site {viii)
W Erection at il (ix)
Fig. 17.6

medium delivery items, short delivery items and so an. A typical Milesione chart of a
Department is shown in the Fig, 17.7.

SR T
e =N
—_—— 0 |
'—'—‘—'—‘ ————— AN !
S . ———— -"—i'ﬁt_

In the first part of the Milestene Chart, all items of equipment are stated * giving
details of indenting, ordeting, delivery ex-works, shipment / arrival at gite. Usually,
most equipment suppliers have to furnish data and drawings /documentations such
erection, testing, commissioning, operation and maintenance manuals etc. At the end,
usually the last row, the batline represents the activities relating to construction or
erection contract. This has also all the elements of finalizing specifications and tender
documents and indenting, award of contract for which s longer period is indicated,
reporting to site, establishing at site and finally the erection work. Since contractors
have to be provided with drawings and other related documentr, suitable notation is
shown in the Milestone Chart.

These Milestone Charts provide the basis of day-today review and control of
projects on a continuing basig. Besides, a formal review can be done once a week ora
fortnight as convenient. These Milestone Charts form the basis of all reporting and

monitoting of projects.
Activity 9

Draw a squared netwotk showing project review status as appropriate and draw the
network baged Milestone Chart for the same of a project you know of,
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178 PROJECT REPORTING

Project management by network analysis provides a comprehensive yardstick for
progressing, for measuring pace of implementation, for evaluating the status of
execution from time to time and for devising remedial actions to bring the project
back on gchedule.

Distinguishable and verifiable milestones provide convenient reference points for
arriving at the precise status of project implementation.

Each facet of project viz., design and indenting, enquiry and ordering, vendor
management angd delivery, transportation and receipt of plant and machinery at
construction sites, construction and commissioning can be split into various

components and the progress monitored accordingly. For example, design and
indenting is usually divided into
(i) 1o of drawings / specifications
(ii) no of indents for procurement
(iii) liaison with suppliers, inspection, contractors etc. enquiry and ordering is split
into
(i} mno. of orders placed
(ii} wvalue of order= placed
(iii) value of bills passed
(iv) mno, of orders closed vendor management and delivery is split into
(i) no of orders delivered
(ii} walue of orders delivered
Subject to suitable modifications, one of the following formats may be adopted for
reporting :
a} Based on Numbers

SI. | Item of drawingy | Progtammed on | Actual on date Important Jobs
No date hehind schedule |
L. Civil 16 | 'S
2. Mechanical 11 9 e ae o
3. Piping etc. 35 32 e e
b} Based on Weighta,
SL  [ltem Weightage in %Actual % Overall % [mportant Jobs
No. Completed Completed behind
Schedule |
1. [Package 1 25 60 15
2. Package 2 20 50 10
3. |[Package 3 10 RO 8
4, ete. ete. 100 33

179 MONITORING AND MOTIVATION

With the development of on-line computer systems, it is now possible to collect data
about what ig happening' while it i happening. These data can also be used for
measuring performance, evaluating it and identifying the deviation, However,
analysing causcs of deviation, developing remedial action plan and implementing it
takes time. Real-time data can be converted into real-time information but still, it iz
not possible to have a real-time control. However, it does not mean that timeliness of
feedback information is not important on the contrary, it is vital. That is why we say
that information received 24 hours late is "stale'; if is 48 hours late, it is “rancid’ and if
it iz geven days late, it is “ancient’ history.

However, management by network analysis focusses on identifying and highlighting
checkpeints which stand out like lighthouses for the shipping lines. Checkpoints help
in preparing route map of the project joumney from start to finish. One can measure
one'r location from time to time. Besides, it prevents losing way enroute.

Feedback with respect to progress is useful for monitoring; it helps people to be more
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respongible and accountable. It gives project personnel a clear direction on where Project Completion and
they are, going, how they are being tracked and what needs to be done enroute. Evalustion-Projoct Review

Feedback is called the breakfast of the champions it helps project personmel to stay
committed and motivated and beckons them to double up their efforts to reach the
finishing line or to the next milestone as the case may be. Feedback and monitoring
enables tracking down one's location with respect to the targets and keeps everyone
excited. In the event of delays and problems, it promotes decision route to follow and
to reach the next milestone on time, Monitoring facilitates developing contingency /
alternate plans well before the unforeseen events for bringing it back on track,

Monitoring helps the project managet to assure himself that the team members stay
committed to the project objectives and goals. Motivation is the desire to satisfy a
want e.g., achieving an outcome and satisfaction is experienced when the outcome
has been accomplished. Project work provides ample opportumities by pre-specifying
milestones and if they are achieved as per the target persons experience satisfaction
which normally propels them to work harder for the next target. Monitoring,
therefore, tickles both the head and the heart and leads to motivated individuals and
teams.

17.10 TEAMWORK IN PROJECTS

‘When networks were invented they were called "activity networks'. [t was soon
realised that these networks represent communication channels and were accordingly
described as “communication networks'. These days we describe them as “networking
of human beings' who form the vital and critical point of action. Projects are action-
oriented and unless we have effective networking of human beings who vibrate well
together, we cannot be confident of achieving project completion on time, within
budgets, conforming to agreed performance parameters and without any major
conflicts. We need to have not a team of brilliant individuals but a brilliant team of
individuals. Today we believe project management is primarily developing
teamwork, if we have teamwork, ordinary pecple perform extra-ordinarily.

a} Developing anticipation

‘When a number of people work together in a team, they inter-act regularly in
meetings and in bilateral discussions wmchleadstobetterundmtaudmg and
appreciation of each other's job. Team develops that winning streak called
‘anticipation'. In a football game, thig is developed by frequent practice and playing
topether, Imagine the frustration of a player in the centre field if he kicks the ball,
after some dribbling, to the left and the guy is not there. When people work together,
even hierarchical level melt away and "esprit de corps' prevails.

b) Self-directed project teams

Project teams play a major role in defining the project goals and department
objectives. They also decide their own checkpoints and action plans i.e., operating
managers not only decide for themselves the goals and objectives, but also the ways
and means of achieving them. In addition, they also decide the co-ordination and

reporting procedures for measuring their own progress from time to time.

In line with the above, management information reports are compiled and circulated
to everyone giving the deviations from their own target and other relevant details.
Members of the team are expected to institute suitable remedial measures in the event
of slippage. The entire system is go desipned that project teams are their own watch
dogs - they for correction and then go ahead remedying it, similar to self-correcting
mechenisms in living beings.

17.11 SUMMARY

Projects are time, cost and resources bound one-time operations for setting-up a
specific operational facility of a desired quality and capacity.
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Planning i3 the initial stage of a project. In project management, planning and control
are the two indivisible sides of the same coin,

Project review in which orderly progress of the project iz measured from time to time
at pre-determined stages of the project to correct deviations from standards is held. It
also helps to motivate the project team members.

Network based management is an integrated technique of planning-controlling which
covers monitoring of the objectives, planning, ditecting, coordination and control of
the project.

The key element in the control process are :
i} Establishing standards;
ii} Measuring performance against standards; and
iif) Correcting variations from standards.

Cybernet concepts which deal with making a system self regulating like living
animals is applied to project management.

Squared networks combining the advantage of both Barsheets and Networks (CPM
and PERT) ig used in the planning and control of projects. This has proved to be

especially useful ag it uses the progressing and measuring techniques of the Barsheet
and also takes interdependencies of networks into account for planning and control

purposes.

Milestene charts incorporating details of works are used since conventional barsheets
have not been found to be helpful as they do not represent interdependence nor the

sequential relationships very clearly.
Computers are used for real-time data processing in project management.
Concept of projects as activity networks has evolved into ‘communication networks'

consigting of common channels and gradually into "networking of human beings' who
form coherent and synergistic team.

17.12 SELF-ASSESSMENT EXERCISES

I} Explain the importance of "project review' in the context of control of a project.
2} How are cybernetics concepts applied to project management?
3} Explain the use and advantages of squared networks in project management.

4) 'What are network-based milestone charts and what are their advantages and
disadvantage as compared to squared networks?
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