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INTRODUCTION

A largenumber of business entitiesdo not hire project managersontheir payrollsand it
is not new to set up aproject team to fulfill a certain requirement. Though most of the
people may not have the prescribed skills in a project methodology, being part of a
project teamisawonderful opportunity to learn and can provide new dimensionsto a
person’s career graph.

The following main points definewhat project management actually is:

e Project management isnot adiminutive job

¢ |t hasascheduled beginning and end

e Itisnot an ongoing process

¢ Project management employsavariety of tools to determine endeavours and
keep track of project milestones

e Projects are in regular need of resources on an impromptu basis unlike
organizations that have only dedicated permanent posts

¢ Project management lessensrisk and lowersthe prospect of success

Thethree most important factorsin project management aretime, cost and scope,
which are collectively addressed as the triple constraint. These form the edges with
quality asachief theme.

A successful project management disciplinewill not get rid of al threats, flaws
and shocks, but will provide benchmark methods and measures to cope up with them
and help thwart thefollowing:

e Projects crossing the deadline, going beyond the budget or failing to meet
customer expectations

e Irregularity between the processes and procedures practiced by projects
managers, causing a few to be favoured more than others

e Projectsthriving well, regardless of lack of planning, accomplished through
extremelevelsof stress, goodwill and noteworthy measures of overtime

¢ Project management regarded as providing no value add and as awaste of
timeand funds

e Unpredicted in-house and/or outside events affecting the project

Project management is about building an atmosphere and situation inwhich a
definite aim or objective can berealized in astreamlined way by ateam of people.

Thelearning material in this book, Project Management, has been presented in
the self-learning format, wherein each unit begins with an Introduction to the topic
followed by an outline of Objectives. The detailed content isthen presentedinasimple,
structured and easy-to-grasp styleinterspersed with * Check Your Progress’ questions
to test the student’s understanding. At the end of each unit, Summing Up and alist of
Questions and Exercises have been provided for recapitulation.
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1.0 INTRODUCTION

A project is temporary. It has adefined beginning and end intime, and therefore defined
scope and resources. A project is unigue inthat it is not aroutine operation, but aspecific
set of operations designed to accomplish asingular goal. A project team often includes
peoplewho don't usualy work together — sometimes from different organizationsand
across multiple geographies.

Thedeveopment of softwarefor animproved business process, the construction
of abuilding or bridge, therdlief effort after anatural disaster, the expansion of salesinto
a new geographic market — all are projects. And all must be expertly managed to
ddiver theon-time, on-budget results, learning and integration that organizations need.

Project management, then, isthe application of knowledge, skillsand techniques
to executeprojectseffectively and efficiently. It’sastrategic competency for organizations,
enabling them totie project resultsto business goas— and thus, better competeintheir
markets.
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Project management is concerned with achieving aspecificgoal inagiventime
by using the resources available for that specific period. In order to achieve success
with project management, the essential requirements are— adequate project formulation,
availability of resources, proper implementation planning before commencing the actual
implementation, effective monitoring of the emerging problems and taking corrective
measures. All these measures need to be undertaken to get the project ready ontime.

1.1 OBJECTIVES

After going through thisunit, you will be ableto:
¢ Explainthe concept of project management
e Discusstheneed of project management
¢ Describe the phasesinvolved inthelife cycle of asystem
e Discussthe processinvolvedin project planning
¢ Explainthe concept of project implementation and control

1.2 PROJECT MANAGEMENT: MEANING, SCOPE
AND NEED

Project management isthe art of directing and coordinating human and materiad resources
throughout the project by using modern management techniques. The main purpose of
project management is to achieve the predetermined objectives of scope, cost, time,
quality and the satisfaction of the participant.

Project management includes developing and implementing aplanfor the project
while considering the available resources such as manpower, material and cost inthe
organization. Project management involvesthefollowing activities:

¢ Planning and analysing the objectives of the project

e Measuring and controlling therisk-involved inthe project

¢ Estimating the organizational resources required inthe project

¢ Assigning tasksto the employees related to the project

e Directing and motivating employeestoimprovetheir performance
e Organizing project activities

e Formulating the project

e Forecasting trendsinthe project

e Completing theproject ontime

o Keeping up thequality of the project

1.2.1 Characteristics of Project Management

Project management requires attention for god-oriented systems, the environment, sub-
systems and their relationships. This is what makes project management a‘ systems
approach’ tothe management.

Theapplication of principlesand practicesfrom the classical and behavioura and
systems viewpointsto the unique requirements of projects hasled toanew set of concepts



which may be called the ‘project viewpoint’. Cleland and Kind have identified the ~ Introduction to
following characteristics of project management: Project Management
¢ Theproject manager isthesinglefocal point for bringing together al the necessary
resourcesfor achieving the project objectives. He/sheformally headsthe project
organization and operates independently the normal chain of commands. The NOTES
project organizationreflectsthe cross-functional, goa-oriented neture of the project.

e Since each project requires a variety of skills and resources, many functional
areas may perform the work in a combined form. The project manager is
responsiblefor integrating the people from different functional disciplinesworking
onthe project.

¢ Theproject manager will negotiatedirectly with the functiona managersfor support.
The functional managers areresponsiblefor the activities of theindividualsand
for the personnel coming under the scope of their functional groups. However,
the project manager hasto concentrate onintegrating all the project activitiesand
overseeing theactivities from the beginning to end.

¢ The project manager focuses on delivering a particular product or serviceat a
certain point of time and cost to the satisfaction of thetechnical requirements. In
contrast, the functional units must maintain an ongoing pool of resourcestoreach
the ultimate organizational goalsinstead of thelimited project gods. Thus, conflicts
may often arise between the project and functional managers over the optimum
allocation of resourcesto aproject.

¢ A project inan organizationa structure hastwo chains of command. Oneisthe
vertical, functional reporting relationship and the other isthe horizontal, project
reporting mechanism.

e For rewarding incentives and distributing responsibilities, the decision making,
accountability, outcomes and rewards should be shared among al the members
of the project team and the supporting functional units.

¢ Thoughtheproject organization istemporary, thefunctional unitsfromwhichitis
formed are permanent. Thus, when aproject ends, the project teamis scattered
and the project personnel either returnto their functional unitsor they arereassigned
to new projects. Projects may originate from different areas of the organization.
Product development and related projectstend to emerge from marketing whereas
technological applications originate in Research and Development (R& D).

¢ Project management setsinto motion numerous other support functions such as
personnel evaluation, accounting and information systems.

1.2.2 Successful Project Management

Inorder to reduce the cost of constructing aproject, organizations should consider various
factors such as cost and time for the successful competition among projects. Following
arethe key factors essential for asuccessful project management:

e Adequateproject for mulation: Project formulation isthe process of converting
project ideas into project proposals in a structured manner. Generally, project
formulation suffersfrom the following shortcomings:

0 Use of informa methods for estimating the costs and benefits, such as
maintaining paper recordsinstead of using computers

o Deliberate overestimation of benefits and underestimation of cost of
constructing aproject

o Faulty judgementsdueto lack of experienced managersand employees Self Learning
Material 5
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It is essential for an organization to avoid these shortcomings in order to have
adequate and meaningful project formulation.

e Project organization: A sound organization possesses the following
characteristics:
0 Proper working environment for employees
o Well-defined working methods and systems
0 Proper rewardsand penalties to employeesfor their performancesand faults

e Implementation planning: After taking investment-related decisions, it is
necessary for an organization to do proper implementation planning before
commencing the actual implementation. Proper implementation planning includes
thefollowing steps:

o Developing a plan for various activities such as land acquisition, tender
evaluation, recruitment of the staff, construction of buildingsand creation of
anindustria plant

o Estimation of the resource requirements such as manpower, materials and
money in project

¢ Availability of fundson time: It isimportant to have funds on time for taking
advanced actionsin the project activities. Timely availability of fundsfacilitates
the organizationto negotiate the cost of the project with suppliersand contractors.

e Effectivemonitoring: Inorder to have asuccessful management of the project,
aproject monitoring system must be established inthe organization. Thisisbecause
effective monitoring helpsinanalysing theemerging problems and taking corrective
actionsfor the project activities. Following arethe factors that should bekept in
mind while devel oping an effective system of monitoring:

0 It should emphasize onthe critical aspects such as the finance of the project
management.

o It should be simple and not overcomplicated as it may result in a lot of
documentation and wastage of resources.

1.2.3 Principles of Project Management

Successful project management can be achieved by proper application of principles
instead of implementing different kinds of techniques. Following arethe seven principles
of project management:

e Toidentify the project typethat is suitable for the business. One needsto select
the projectsthat are good for business.
¢ Tounderstand the needs and expectations of the customers.

¢ To prepare the reasonable plans which defines the scope, cost and approach of
theproject. Thishelpsin reducing unplanned areasin the project.

e To establish agood team with a good leader. This principle conveys that there
should be proper working environment and communication flow between the
project managers and team members.

e Todefinethe status of the project. This helpsimproving the project quality and
recognizing thevarious problemsinit.

e To make a proper assumption for the project. This principle focuses on the
verification of the critical items used in the project in order to reducetherisk.

e To take proactive actions in the problems of the project. This is because the
problem usually getsworse over timewhichin turnincreases the chances of risk.



1.2.4 Project Management: Scope and I mportance

The scope of aproject is determined by using product scope and project scope. Product
scope explains al the functions and features that are to be included in a product or
service of the project. Onthe other hand, project scope dealswith the deedsto bedone
for delivering the needed product. The tools and techniques to manage the product
scope change with the nature of the project.

The project manager uses varioustools and techniques such as product and cost-
benefit analysis for developing the scope of apraoject. Oncethe project has been selected,
the project manager and the client jointly preparethe scope of the project and deliverables.

Importance

Organizations haveto managetheir projects effectively in order to create and maintain
their reputationin the market. Many organizationsfail to managetheir projects properly
dueto thefollowing reasons:

¢ Project iscompleted late or without fulfilling the demands of the client
e Projectisnot giving any valuableinformation

e Project lacks proper planning and organization of the activities

¢ Thetechniquesand standards used are not advanced

A good project management offers various techniques and guidelines to manage
employees and workloads. Project management provides the following benefitsin an
organization:

e Saving cost: Project management offers acommon methodology for managing
theproject, i.e., if the processes and procedures are planned once, then they can
beused in all the future projects again. Consequently, it helpsin saving the cost
and timerequired in completing the project.

e | mproving working conditions: If the projects are successful, the client will be
moreinvolved intheprojects. This hepsinimproving the working environment of
the organization, which in turn encourages the morale and confidence of the
project team.

¢ | mprovingfinancial management: Better estimation of theactual costsinvolved
in the project helps in managing the budget of the organization. This resultsin
better financial predictability and cost contral.

¢ Resolving problems: Team membersinaproject spend alot of timeand energy
indealing with project problems. This is because the project team members do
not know how to resolve the project problems. If the project is properly managed
and planned, then the process of project management hel psin solving the project
problemsquickly.

e Determiningrisk: The process of project management helpsin identifying and
managing risksin the near future.

e Improving theproduct quality: The process of the project management helps
team members understand the needs of customers. Once customer needs are
recognized, team members canimplement quality control and assurancetechniques
tofulfil customer demands.
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1.2.5 Requirement for Project Management

M odern project management ideas originated in the construction and aerospaceindustries
inthe USA and Western countries. Thiswas because the environment and activitiesin
those industries demanded flexible and imaginative forms of management. The spread
of project management ideas has come about due to necessity rather than desire. The
major reason for its slow growth can be attributed to the reluctance in accepting new
approaches and techniques. The major problems identified by the managers, who
attempted the new system, revolve around conflicts in authority and resources. The
three mgjor problemsidentified areasfollows:

e Project priorities and competition for talent would interrupt the stability of the
organization and interfere with itslong-range interests by upsetting the normal
business of thefunctional organizations.

e L ong-range planning would suffer if the company gets more involved in meeting
the schedules and fulfilling the requirements of temporary projects.

e Shifting peoplefrom project to project would disrupt thetraining of new employees
and specidists.

Let usbriefly consider some of the organizationd factorsinfluencing the need for project
management.

(i) Thefirstisthesizeof the organization. A small organization such asaconsulting
firm, an engineering office or asmall contractor who has a budget, a schedule
and limited requirementsto control quality and production could get along without
any formal project organizational system. However, the quantitative methods and
procedures of the project management approach are still necessary. Onthe other
hand, alarge organization executing aprestigious, complex, multi-disciplinary and
capital-intensive project would certainly require aformal project management
organizational system aswell as quantitativetechniques.

(i) Thesecond factor isthe style of management needed to meet the complexities of
arapidly changing business environment. Most industrial, public service and
government organizations have solved the problem of complexity due to a
hierarchical management structureinherited from the military. Thetop management
has been very comfortable with the hierarchy because of its simple ‘ one boss’
reporting system. The hierarchy asolendsitself to convenient subdivision of the
organization into groups or departments, each of which represents aspeciality, a
disciplineor afunction.

While these so-called line, functional or disciplinary divisions often enhance
efficiency and maximize productivity, they suffer from thefollowing flaws:

0 The ability of a specialized organization to work together and coordinate
effectively with external agencies such asthe clients, vendorsand regulatory
agenciesiscritical to the success of the project. Line managers often suffer
from ‘tunnel vision’ or lack of knowledge of the overall organizational goals.
Inaddition, competition between line divisions may result in inefficiency or
falureto communicate vital information.

0 Theresponsibility for important external coordination may become mixed-up
because of overlapping or inadequately defined roles. The alocation of
responsibility for ajob that overlaps several functional divisionsinaproject
complicates the process of decision-making affecting the entire project. This
may increase the possibility of inadequate or tardy responses to changing



conditionswhich could make all the differences betweenthe successor failure
of aproject.

0 As an organization grows in size and complexity, it becomes increasingly
difficult for the top management to connect itself with the day-to-day problems
of each project.

A chief executive may face aproject failurefor any of these reasons, and in an attempt
to determine the cause for the failure, the executive may find the divisional managers
blaming each other. It can be avery disturbing experience for the top management to
realize their inattentiveness over the official issues. A chief executive needs a single
point of information and control if complex projectsareto be successfully completed.

In determining the need for project management, one should examine the project and
organization carefully and ask thefollowing questions:

e Isthejob very large?
e |sthejob technically very complex?

e |sthejob atrue systeminwhich it has many separate parts or sub-systems that
must be integrated to complete thewhole operation?

e |sthejob apart of alarger system and must be closely integrated, especidly if the
larger system has aproject-oriented organization?

¢ Does the top management really feel the need for asingle point of information
and responsibility for thetotal job?

¢ Arestrong budgetary and fiscal controlsrequired?

¢ Aretight schedules and budgetary constraints foreseen?

¢ Arequick responsesto changing conditions necessary?

¢ Doesthejob cross many disciplinary and organizational boundaries?

¢ Will the proposed job drastically disrupt the present organizational structure?

e Are more than two divisions involved? |s more than one division going to deal
directly with theclient or customer?

¢ Arethere other complex projects being conducted concurrently with thisone?
e |sthere scopefor aconflict between the line managers concerning this project?
e |stheorganization committed to afirm completion date?

e Isit likely that changing conditions may seriously affect the project before its
completion?

¢ Aretheremajor itemsto be procured from outside the company?

e Aretheremajor portions of the system which must be sub-contracted outside the
organization?

e |sit necessary to havethe project reviewed or approved by government regulatory
agencies? Will these review processes and approvals generate problems and
controversy?

The answersto theabove questions hel p in the various project management considerations
for an organization. From the above discussions, it can be concluded that project
management can be applied to any ad hoc undertaking. Thisincludes abroad range of
activities such aswriting aresearch paper, remodelling ahouse or constructing achildren’'s
park. There aretwo situations in which project management should be used:
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e Themoreunfamiliar or unique the undertaking, the greater the need for project
management to ensurethat nothing gets overlooked.

e The more numerous, interdisciplinary and interdependent activities in the
undertaking, the greater the need for aproject manager to ensure that everything
iscoordinated, integrated and completed.

Cleland and King have suggested five general criteria to decide when to use project
management technigues and the corresponding organizationa structures. Thesecriteria
are briefly described below:

e Effort: Themagnitude of the effort should be more when thejob requires more
resources in an organization and for this purpose the project management
techniques are necessary. For example, the Atlas missile programme requires
major undertakingsin the defence, aerospace, space, energy and transportation
sectors. However, micro-level industrial activities may also need formal project
management, e.g., inthe case of relocation of facilities, merger of two companies,
placing of anew product on the market etc.

e Coordination: Evenwhen ajob lies primarily in one functional area, thetask of
coordinating its work with the other functional areais necessary. For example,
thetask of computer installation in acompany may seem to be the sole concern
of the Electronic Data Processing (EDP) department, as many corporate
executivesthought during thelast two decadesinIndia. Only afew smart executives
and organizations redlized early on in the game that during the process of
computerization, therewill be acontinuous meshing of palicies, procedures and
resourcesof al the departments affected by computer instalation. Often hundreds
of peoplemay beinvolved and the required coordination and integration might be
more than what a single department such as EDP can tackle efficiently and
effectively.

e Modification: A project always requires modifications from timeto time. Minor
changes in products such as annual automobile design changes can usually be
accomplished without setting up aproject team. Onthe other hand, undertaking
the modernization of an automobile plant calls for non-routine efforts such as
revising the facilitieslayout, modifying the assembly line, replacing equipment,
retraining employees and dtering policies and work procedures. For this, project
management requires to bring all the functional areas together. In a changing
environment with rapid changes taking place in the economic, social and
technological environment, moreand moreindustrial organizations are seeking
creative, innovative and flexible forms of management. Companiesthat operate
in the computers, communications, electronics and pharmaceutical sectorsare
exposad to highinnovations, rapid product changes, shifting markets and consumer
behaviour. Other industries, such asthose in biotechnology, petrochemicalsand
ceramics, though less volatile, also have highly competitive and dynamic
environments.

e Changing environment: Another aspect of the changing environment that is
particularly relevant for the Indian economy is the government’s policy of
liberalization and transitionto the free market mode. Changing environments present
opportunitiesthat organizations must capture swiftly. Project management provides
flexibility and diversity needed to deal with changing goas and new opportunities.
When a joint effort is required, project management attempts to build lateral
relationships between functional areasin order to accelerate work and reconcile



the conflictsinherent in multi-functional and multi-disciplinary organizations. The ~ Introduction to
project manager linksand coordinates the efforts of thedivisionswithin the parent Project Management
organization as well as those of the outside — sub-contractors, suppliers and

customers.

¢ Reputation: Thereputation of theundertaking and what is at stake may determine NOTES
the need for project management. An unsuccessful project will result in either a
loss of future contracts, damaged reputation, loss of market share or, inthe worst
case, financial ruin; therefore, thereisastrong case for utilizing formal project
management techniques and organizational form. For example, inthelaunching
of American multinational Pepsi soft drinks and snack food operationsin Indiaor
introduction of itsnew 1000 c.c. car by Maruti Udyog Ltd or setting up of itsjoint
venture in the form of Tata-IBM by IBM Corporation formally, each of the
undertakings warranted the adoption of aformal project management approach.
Theobviousreason, ineach of the above cases, isthat the likelihood of successfully
completing the undertaking is increased when a single competent individua is
assigned responsibility for overseeing it. The project manager, with the assistance
of technical support groups, can do much to reduce the problems inherent in
large, complex undertakings.

1.2.6 Need of Project Management

M ost enterprisesrequire project management, at some point of timein order to convert
strategical decisionsinto operations and set goals. A large number of organizationsare
project-intensive, such as construction, aerospace, engineering design and software
development. In the public domain too, project management has a defining role in
tranglating ideasintoredlity.

Identification of goals requires an organized system and application of methodical
processes particularly inlight of contemporary times marked with intense competition,
rapid technological developments, socio-cultural milieu, government regulations and
economicissues. A number of researches have concluded that substantia entrepreneuria
development aswell as further organizational efforts often lead to thefollowing risksin
deployment of strategies to administer the endeavours:

e Deferment because of ineffectual planning, monitoring, coordination, risk-
management and follow-through of the project

¢ Economic inconsistency because of ineffectual management and staff utilization/
accountability

e Consumer discontent because of lack of responsiveness and communication
barriers

Therefore, the fundamental idea for a large number of organizations is to strive for
excellencein agrowing market facilitated by the best delivery capacity and driven by
consistent and effectual procedures, structures, planning and monitoring.

A proficient system of project management aids in the management of various
complicationswith favourable outcomes, and lowers doubts and expenses. Thefollowing
are certain examples of organizational weaknessesthat can berisky but can becontrolled
through proper managerid technigques:

e L ack of integration concerning schedules managed in silos and dependencies

¢ Ddaysattributed toinefficient alocation of resources duetolack of communication
between departments

Self Learning
Material 11



Introduction to
Project Management

NOTES

Check Your Progress

1. Define project
management.

2. State the main
purpose behind
project
management.

Self Learning
12 Material

e Lack of long-term forecasts in scheduling

e Failureinidentification of critica areas like non-working time and estimation of
defects

¢ Improper documentation of information dueto informal mode of communication
e Lack of accountability inissues concerning decision-making

e Failureof proactiverisk classification and administration

e |nadequate reporting - lack of visibility / insight into thetrue status of the projects
¢ Frequently forgotten or delayed activitiesand decisions

Theskill of handling projects congtitutes uniformity in reaching set goasintime, withno
extraexpenses smultaneoudly maintaining good client relationships. Thisisacquired by
the successful management and coordination of human and material resources. The
domain of project management propels towards improved cooperation, control,
implementation, receptiveness, and positioning of entrepreneurial aspects as well as
processes with the characteristics of the product and operation. Project management
techniquesvary intechnical aspects; engineering or construction skillsgenerdly aligned
withanumber of projects and include e ements not included in the range of the technical
aspects, which arerequired to be properly controlled in order to meet the goals of the
project. Further, project management varies from conventional management as it
introduces cross-functional cooperation, management, implementation, receptiveness,
and placement of entrepreneurial aspects and processes with characteristics of the
result of the projects. Project management aids in bringing novelty and progress based
onthedterationsin the external conditions.

Proper application of project management for positioning of strategical processes and
objectives can offer thefollowing benefits:

e Profits due to consistent meeting of organizational objectives, excellent use of
resources and knowledge based decision-making.

o Competitive edge attributed to the human resource based on a background of
cooperation, goal achievement and customer satisfaction.

Project management also presents substantial advantages to people at different
organizational layers. Project management aids:

e Executivesin obtaining precise and correct knowledgein order to reach correct
entrepreneurial conclusionsinorder to remain ahead inthe market

e The management in drawing attention towards the ultimate objective of the
entrepreneurial efforts. With marked decrease in conflicts and confusions and
effectua communication processes, the organizationisbound to witnessan increase
inproductivity.

Thus, we can conclude that project management as amanagerial subject, structures a
larger percentage of financia aspectsand entailsnumerous benefits. The specia function
of project management in introducing expertise in organizational processes by
incorporating innovation canin no way be overlooked.

1.3 LIFE CYCLE OF A PROJECT: CONCEPTION
AND SELECTION

Each product passesthrough four phasesduringitslifecycle, whichiscalled aproduct
life cycle (PLC). The four stages include introduction, growth, maturity and decline.



When aproduct is newly introduced inthe market, theinitial sales and sales growth will ~ Introduction to
be low. It will be followed by a natural growth in demand of the product before it Project Management
reaches the plateau for stabilized salesand then, starts declining.

What should be the firm’s growth direction and associated strategy, therefore,
depend on the stage at which the current products are at agiven point intime. A firm
would like to remain with the current product and current market for those products
whichare ether intheintroduction stage or the growth stage. Several of these strategies
are operational strategies while some are long-term ones. Promotional efforts at the
introduction stage must be followed by either market skimming or penetration strategy
depending on the situation. During the growth stage, investment is required for
improvement in product quality, product development, expansion of distribution channels
(market), shift in advertisement theme and so on. All these strategiesinvolveinvestment
and growth while remaining steadfast to the present product and the present market.
However, when aproduct reaches the maturity stage the firm would face the dilemma
whether to stagnate or enter into arelated market, whichisthe changein thedirection of
growth. Decisionto let the product stagnatewill follow astrategy of introducing anew
product (a product-side growth) in anew or related market (a market-side growth).
Figure 1.1 givesthe PL C and corresponding profitability and cash flow generation capacity
of the product.

Introduction Growth Maturity Decline

NOTES

Sales Curve

Cash Profit Curve

Profit Curve

Fig. 1.1 Product Life Cycle

These arejust examples. They may give theideathat afirm continuesto beinthe
present-product present-market if that satisfies firm’s appetite for growth. However,
beforethe product reachesthe maturity level, thefirm must create dternatives by changing
thedirection either onthe market side or on the product side or even by changing on both
thesides at atime.

Animportant aspect of the system’s approach to management is the concept of
‘life cycle'. It is the basic pattern of the change that occurs throughout the life of a
system. A system changes and fluctuates frequently. It follows a distinct pattern that
repeatsrecurringly. Thenaturd lifecyclethat occursinall theliving organisms consists
of birth, lifeand death. Similarly, systemsingenerd, and projectsin particular, havetheir
ownlifecycles.
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Thelife cycle of asystem consists of the following phases:
e Conception
e Definition
e Acquistion/Production
e Operation
e Divestment/Termination
Figure 1.2 shows the general life cycle of a system.

Divestment/
Termination

Operation Acquisition/

Production

Fig. 1.2 General Life Cycle of a System

According to the United Nations Guidedlinesfor Rural Centre Planning, there are seven
stepsin the project life cycle. These are project identification and appraisal, pre-
feaghility study, feasbility study, detailed design project implementation, operation
maintenance, monitoring and evaluation.

Rondindli, Dennisand Paliain their book Project Planning and I mplementation
in Devel oping countriesidentified thefollowing twelve stepsin the project life cycle.

(i) Projectidentificationand definition

(i) Projectformation

(i) Preparation and feasibility andysis

(iv) Project design

(V) Projectanalysis

(vi) Project selection
(vii) Project activation and organization
(viii) Project implementation and operation

(ix) Project supervision (monitoring and control)

(X) Project completion or termination

(xi) Output diffusionand transition to normal administration
(xii) Project evaluationfollow-up and action

The World Bank guidelines reveal the following six major steps in the project
lifecycle.

(i) Conception (identification)
(i) Formation (preparation)



(iii) Andysis(q)pra'sal) _ Introduction to
Project Management
(iv) Implementation (supervision)
(v) Operation
(vi) Evaluation NOTES
1. Conception/Formation Phase

The conceptua phase involves the preliminary evaluation of an idea. This includes
recognition and acceptance of a problem or a need, analysing the requirements and
finding out the ways to fulfil the need or to solve the problem. Some of the important
actionsare: preliminary anadysis of risk and their impact on time, cost, and performance
requirements.

The conception phase of a system focuses on the analysis of the needs (of an
organization) that the system is designed to fulfil these needs. This phase correspondsto
the‘birth’ of a system. Similarly, interms of the life cycle of aproject and technology/
product, the conception phase is equivalent to the project formation phase and basic
research phase, respectively. Some of the specific stepsinvolved inthis phase are outlined
below:

¢ Determining theexisting need or problem, or potentia deficiencies of theexisting
system

e Examining alternative ways of meeting the need for solving the problem
e Estimating the gpproximateresources, human and others, required for the system
o Explaining the basic concept of the system

¢ Preparing theinitia estimates of thetime, cost and performances of the conceived
system

e Determining the initial feasibility and practicability—technical, financial and
environmental.

2. Definition/Build-Up Phase

The system conceived in the preceding phaseisnow investigated in greater detail. The
definition phase of asystemismainly arefinement of theideas described in the conception
phase. The sub-systems of the main system are defined and examined. Thisrequiresa
confident identification of the resources required and the establishment of time, cost and
performance parameters. It also includes theinitial preparation of all the documents
necessary to support the system such as policies, procedures, bid documents, job
descriptions, budgets and funding papers. The system definition phaseis equivalent toa
project build-up phase. The project team is expanded to enable it to identify resource
and system performance requirements, major sub-systems, elements, etc. Project
management plansto createthe activities, schedules, costs and resources are needed to
design, build and implement the system. The specific activitiesand stepsin the definition
phase of asystem can be summarized as:

¢ Determination of time, cost and performance requirements of the system
e |dentification of estimates of human and non-human resources required

o Determination of necessary sub-systemsincluding detailed plansrequired to support
themain system

e Defining theinter-system and intra-system interfaces
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e |dentification and preparation of the documents required to support the system,
suchaspalicies, procedures, bid documents, job descriptions, budgetsand funding
papers

This phase of system definition correspondsto the stages of growth of aliving organism
and applied research for a product, technology, etc. At this stage, the system expert or
project manager will decide in terms of men, money and other resources whether to
continue with the system of aproject or to cancdl it. If the decision is one to continue,
then the next phase to move on isthe acquisition/production phase.

3. Acquisition/Production Phase

The acquisition phase is named such because, at the end of it, the user acquires the
system. This phase is also referred to as the production phase as the system is now
produced. Theefforts are now focused on the standardization, testing and eval uation of
the aternative detailed designs and production based on the acceptable detailed design.
In case of aliving organism, this phaseis the maturity phase; in case of the technology/
product lifecycle, this phase correspondsto the design development and manufacturing
phase of the technology/product. The production phase of a system and a project are
similar to each other. Production involves either production of a single item or mass
production. Project management overseesand controlsresources, motivatestheworkers
and reports the progress to the users of the system. All the documentations must be
completed inthis phase. At the end of this phase, the system moves out from the control
of the project. The specific tasks and activities in the acquisition/ production phase
should beto:

¢ Update the detailed plans and specifications of the definition phase

o |dentify detailed resourcerequirements and manageriad procedures, e.g., inventory,
scheduling, accounting, bookkeeping, €tc.

¢ Beginthe production, construction and installation of the actual system

o Verify system specificationswith performance

e Preparepolicy and procedural documents

¢ Develop plans to hand over the system to the user and to provide supporting
servicessuch astraining during the operational phase

The system that was conceived and defined earlier isnow ready for delivery to the user
for itsdeployment and operation.

4. Operation Phase

The system has come along way from the conception phase and is now deployed by the
user who integratesits products/services into the existing organizational system. The
user takes over, operatesthe system and evaluatesits performance in terms of itsability
to meet the need or to solvethe problem for which it was designed. The system manager/
contractor may still be involved in providing services such as commissioning, trial
evaluations, operational assistance, maintenance, training, etc. The operation phasealso
includes the provision of feedback to the system planner/designer so that system
improvements can be achieved. The operation phase of aproject isidentical to that of a
system except that in many projects‘ one-shot’ systems are used which either succeed
or fail. The specific activities and stepsin the operation phase of asystem areasfollows:

¢ Using the system (by the client or the customer)
e Integrating the products/servicesinto the existing organizational system



e Evauating the system performance vis-a-vis the specifications made in the  Introduction to
definition phase with respect to technical, economic, social and environmental Project Management
parameters

e Providing feedback to the system designer/planner about the efficiency and
effectiveness of the system NOTES

e Providing training support and maintenance services
5. Divestment/Termination Phase

This is the last phase of the system and in many cases overlaps with the preceding
operation phase. The senior management of the organization will now belooking at the
means of divestment and reallocation of resources. This can also be understood withthe
help of afigure. Figure 1.3 showsthelife cycle of aproject.

Project
Formation
el \
Phase-out/ Project
Termination Build-up

Project
Operation Production

Fig. 1.3 LifeCycleof aProject

Thisfigure correspondsto the phase-out and termination of aproject. Similarly, compared
to the technology/product life cycle, divestment corresponds to the deterioration and
death phases of the technology or the product. Figure 1.4 shows the life cycle of a
technology product.

Research &
j Devel opment

Market
Introduction

Technology/
Product

Deterioration

Maturity

Fig. 1.4 Life Cycle of a Technology Product

As one product out of several in an organization enters the deterioration and death
phases of itslife cycle, other new productsor projects must be conceived and devel oped.
Most of the organizations require more than one product or project for survival. In
additiontoit, new products or projects should be undertaken in such arate that thetotal
revenuewill increase and the organization will acquire thedesired growth profile. Prior
to the phase-out and termination of aproject, senior management makes acomprehensive
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evaluation of the project so that the lessons learned can be used as inputs for new
projects. The divestment phase also affects other ongoing projects in a multi-project
organization in terms of availability and release of additional common resources. If a
priority project isbeing phased out and terminated, other projectswill now creepupin
the priority list. Thedivestment/termination phase of asystem/project involvesthefollowing
final stepsand activities:

¢ Phasing out the system or project

e Transferring responsibility to supporting organizations

¢ Transferring resourcesto other systems

¢ Re-configuring the project group to work on new projects

¢ Developing thelessonslearnt from the system or project for further utility
Thereis atechnological innovation chain that helps in understanding the project life
cycle. It follows aparticular sequencethat can be understood with the help of afigure.
Figure 1.5 shows atechnological innovation chain.

| dea/Concept

Basic Research

y
Applied Research

A
Desgn and Development

A
Engineering for Manufacture

A
Manufacturing

A
Marketing

y
Product Service

Fig. 1.5 Technological Innovation Chain

By comparing thelife cycle of aproduct and itstechnological innovation chain, itisseen
that the technological innovation chain comprises the first two phases of the overall
technology life cycle or product life cycle, namely—research and development, and
market introduction.

The advantage of using the life cycle concept in the development of a system,
project, product or technology is that it enables decisions and actions to be taken in
steps. This systematic approach is sometimes called the * phased planning’ approach.



Decisions can be taken at various stages and the system objectives and results arere-
evauated at progressively intensivelevelswhilemoving towards thefinal solution. This
reducestherisk of committing resources without aproper assessment of al therelevant
factors.

1.3.1 Sages of the Life Cycle Concept
The various stages of the life cycle concept are:

1. Theoretical Framework

During the planning stage, sub-contracts are given, teams and sub-teams are formed,
team leaders are appointed, coordination is established, documentations are designed
and areporting system is developed. Now is the time to execute the projects. Project
executionisavery active stage in project management. It involves activities like actual
construction of work packages, action and coordination and monitoring and contral.

2. Constructing Work Packages

A project team will start constructing different work packages (activities) as per the
network plan prepared in the detailed project report. The sub-teamsin the project, each
with their own expertise, are engaged in the construction of work packages. These
activitiesarevisible, and create enthusiasm and excitement, which may sometimestake
the eyes off the scope of the project.

3. Action and Coordination

There are several sub-teams on the job at any given point in time. Progress on their
work together with resources consumed and required have abearing onwhat other sub-
teams are doing and would do inthefuture. Someone hasto provide strong leadership
for the effective coordination among all sub-teams and subcontractors, and also
coordination for resource alocation on various sub-teams.

4. Monitoring and Control

Troubleshooting becomes adaily event, review of several configurationsand activities
takes place and the need for design change is felt. During implementation, there is
always a very high chance that the project may go in the wrong trajectory due to the
involvement of several people, difficulty in coordination or loss of focus and the project
may become unviable or may get delayed. Therefore, aproject control mechanismiis
extremely important. A good project control mechanism would efficiently balance the
cost, time and performance aspects, where performance aspects cover quantitative as
well asqualitative targets.

Risk Analysis and Utility Theory

Once the design of the project is ready, statistical risk analysis for the project begins.
Thisstageinvolvesthefollowing activities:

e |dentifying themain sources of risk
e Measuringtherisk
e Incorporating the risk inthe decision-making process

Sensitivity analysisis the prescribed tool for identifying theimportant sources of risk.
Various statistical techniques, which measure dispersion value are employed for
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quantifying therisk and then some statistically convincing rules, are applied for decision
making. Therisk can beincorporated in either the cash flow or in the discount rate so
that the right choice of project ismade.

1. Identifying Critical Sources of Risk (Sengitivity Analysis)

M anagement by exceptionistherule. Many variables may be uncertain but only afew
may matter. The endeavour of the management should beto first identify the sources of
risk that matter. Thistask isperformed at various stages. However, if critica sources of
risk areidentified a the project feasibility stage, the project planning team would derive
valuable guidance for the management of risk, in deciding which part of therisk to
transfer or leverageout. Thismay aso help indeciding whether market survey is needed
or not and if needed, then what should be surveyed.

Sensitivity analysis: Initialy, only one value is estimated for each variable and the
profit (or NPV-Net Present Value or IRR-Internal Rate of Return) of the project is
determined. What if any one variable may actually turn out to be different? What will be
the effect of it on profit? The sensitivity analysis technique asks this question for each
variable and calculatesthe project profit each time. It may be noticed at the end of the
processthat many variablesaretrivial and have avery negligibleimpact onthe project’s
viability and only few variablesarevital from the project viability angle. Thus, sensitivity
analysisidentifiesa' vitd few’ variablesthat need management’ attentionfor risk mitigation.

This‘what if” analysis can be done using several methods, some of which arelisted as
falows:

e Percentage change approach

¢ Accounting break-even point approach
e NPV break-even point approach

o Pay-off matrix

The first three approaches do not require prior knowledge of the key factors for a
project. Rather, inthose approaches, first important factors areidentified based onthe
sengitivity of NPV to them and then, the questionis asked ‘ to what extent any of those
factors arelikely to change? In the following section, we will describe thefirst three
methods in brief but the pay-off matrix in areasonable detail.

(i) Percentage change approach: In this method, a fixed percentage change is
predetermined and one by one, each variable is changed by the same percentage
fromtheinitia (point) forecast to calculate the profit. The results are tabulated
for easy reading and interpretation. Thetable containing theresult calculated in
the NPV of the project may look like the onegivenin Table 1.1.

Table 1.1 NPV Tabulation: Result at Per cent Change
Approach in Sensitivity Analysis

Net Present Value
Change Demand Materials L abour Over heads
(%)

-10 —200 -50 500 625

-5 300 450 625 660

0 700 700 700 700

5 950 800 825 780

10 1250 1,000 900 850
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Note: Negative changeindicates adverse effect and positive changeindicates favourable effect.



(i)

(iii)

(iv)

It appears clearly that labour and overheads do not pose much risk because
NPV's do not vary much and even at 10 per cent adverse change, the NPV is
positivein both variables. Between demand and material cost, clearly demandis
animportant variablethat the management would like to watch because variation
in demand has agreater variation on the NPV of the project.

Accounting break-even approach in sengtivity analysis. Accounting break-
even point is the point (level) of a particular variable at which the accounting
profit (ARR) from the project will be zero. Theresult could belike theonegiven
below:

Per cent change required for accounting break-even
e Demand reduced by 30 per cent
e Material cost increased by 50 per cent
e Labour cost increased by 120 per cent
e Overheadsincreased by 250 per cent

One can observe herethat the viability of aproject, measured in accounting rate
of returnterms, is more sensitive to demand and least sensitive to overheads.

NPV break-even approach in sensitivity analysis: Those who use NPV or
IRR asthemethod of evaluation of aproject may calculate the breakeven (zero)
NPV or breakeven IRR for each variable. Theresults of ahypothetical problem
may beasfollows:

Per cent change required for zero (break-even) net present value or IRR
e Demand reduced by 33 per cent
e Material cost increased by 62 per cent
e Labour cost increased by 110 per cent
¢ Overheadsincreased by 200 per cent
¢ Project cost increased by 40 per cent

We can read here that the project is more sensitive to demand and project cost
and least sensitiveto overheads.

In these three approaches of sensitivity analysis, after the calculation is done,
managers have to ask a question: to what extent is it possible that demand will
drop by apercentage that would result in either negative NPV or operating below
the breakeven point (either accounting or NPV-IRR)?If thereis any such chance,
then onemay liketo study that variable morein detail.

Pay-off matrix and sensitivity analysis: The previousthree methods are useful
for carrying out sensitivity analysis at the stage of preparing the project feasibility
report. Variables are not studied in-depth at that stage. Those methods servethe
primary purpase of forming afirst opinion about theimportance of variables. The
realistic range in which those important factors may vary is amatter of further
study. Collection of reliable secondary data, cross verification and if need be,
market survey for studying the selected variables could be the logical stepsto
follow the application of any of thefirst three methods described earlier.

A study of those variables would give enough dataonthe basis of which managers
may form ajudgement regarding the most favourable and the most unfavourable
outcome of important variables. Now, the pay-off matrix approach of sensitivity
anaysisbecomesrdevant. The pay-off result of animaginary exampleisgivenin
Table1.2.
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Table 1.2 NPV Pay-off for Various Outcomes of Variables

Net Present Value
M ost M ost M ost
Unfavour able Likely Favourable
Demand 340 500 720
Materiads 430 500 580
Labour 445 500 545
Overheads 485 500 510

The NPV matrix in Table 1.2 indicates that the NPV may be anywhere between
¥ 340 and 720 (arange of ¥ 380 or —32 per cent to +44 per cent from point forecast),
if demand alone may turnout to be different from the point forecast. The NPV may vary
from ¥ 580 to ¥ 430 (a range of ¥ 150 or —14 per cent to +16 per cent from point
forecast) duetotherisk related to material cost. The NPV might vary from —11 per cent
to+9 per cent, arange of 20 per cent or ¥ 100 NPV. Therisk related to overheads could
resultina5 per cent range or X 25 range of deviationin NPV.

Thenet present valueis more sensitive to demand than materid. Interpretation of
dataisthe same asthe previously described method. Pay-off matrix is constructed for
the upper and lower side changesthat may possibly occur in each factor. Somevariables
are steady by nature. All the committed fixed costs such as depreciation tax shield, lease
rent and, insurance premium, are not subject to change. Also, some variableswhich may
be otherwise subject to change may become fixed (at least partialy) if appropriate
actions are taken, for example, an agreement with another firm for a fixed quantity
processing contract would narrow down the fluctuations in demand, or if plant and
machinery can be used for manufacturing an alternate product, the variability of sales
revenue may be reduced.

Theresult of pay-off matrix isused for taking aseries of decisions. If cod supply
and its priceare uncertain but the cost of coal isanimportant variable, the project study
teammay consider options of (a) including coa mining and coa washing inthe project or
(b) sgning up acontract or memorandum of understanding with acoa mining company
for afixed quantity supply a afixed price. Therisk involved incoal supply and pricewill
reducein either case, though (a) will increase the degree of operating leverage.

The project planning team hasto apply sensitivity anaysisin the gppropriate form
and at theright stages so that the need for collecting moreinformationisidentified at the
minimum cost and necessary actionisinitiated for project risk management. Sensitivity
analysis, thusis not only atool for identifying the sources of risk, but also aguide for
appropriately designing the project for better risk management.

Sensitivity anaysis suffers somelimitations:
e Interrelationship of factorsisignored and it assumesthat only one variable may

change
¢ Probabilities are not assigned to the possible outcomes

These two most important weaknesses of sensitivity analysis are often criticized.
However, it does not fail in serving the basic purpose of it. Judicious application of
sensitivity analysis surely benefits the process of project planning and designing. It is
actually not meant for directly using in either measuring therisk or in selecting or rgjecting
aproject.



2. Measuring the Risk Introduction to
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Dispersion in net profit or NPV or IRR is the risk. Therefore, risk measures are the
statistical methods that measure dispersion value. We will discussthe risk measurement
methods in three parts: techniques of measuring risk, decision rules and finally some NOTES
moretools of measure along with decisions on them.

Techniques of measuring risk: Measures of dispersion are the measures of project
risk. Some of them use probabilities, others do not. Some consider default probability
equd, if probabilities are not assigned. Thefollowing statistical techniquesareuseful in
measuring risk.

e Range

e Mean absolutedeviation

o Vaiance

e Semi-variance

e Standard deviation

o Coefficient of variation

Inthe following pages, wewill introduce these techniques and introduce some decision
rules. The decision rules are useful for mutually exclusive projects only because they
ignore the important step of incorporating risk inthe project dataanalysis. Introduction
of decisionrules hereisjust meant for explanation. Thefinal step of incorporating risk in
the project andysiswill be discussed subsequently.

(i) Range: Itisthedifference between the highest and thelowest value of an outcome.

R, =R, -R ...(11)
Here, R = Range of distribution
R, =Highestvalue
R =Lowestvaue

Range does not consider probabilities, nor does it consider other possible outcomes
between the highest and the lowest values. Sensitivity analysers use range values in
their application.

(if) Mean absolutedeviation (MAD): Theterms*‘ mean absolutedeviation’ are quite
self-explanatory. The sum of the differences between the mean and observations is
taken at absolute value (signisignored) and it isdivided by the number of observations
to get the mean absolute deviation. Equation 1.2 givesthe MAD formula.

MAD:%xZn:FHR—EFq (12

Here, P, =Probability of ith possiblevalue.
R =ithpossiblevalueof variable.
ER = Mean (expected value) of the distribution.
R — ER =Only absolutevalueis considered; negativeisignored.
n = Number of observations.

Expected return (ER) is calcul ated using the following equation,

ER=ZR><Pi ..(13)
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(iii) Variance: Thismeasuresthe dispersion of datausing thefollowing equation:

Variance= > R(R - ER)’ (14)
i=1
The difference of value from the mean of distribution is squared to avoid a negative
value. By sguaring the difference, the values which are far away from the mean are
attached moreweight but it |oses the comparability with the expected (mean) return.

(iv) Semi-variance: Itisthe sameasvariance but it considers R valuesonly if R <ER
(i.e., only if thereis achance of getting less than the expected result). If R > ER, then
zerovalueistaken for (R —ER).

s\/:ie(R ~ER)? ..(15)

Here, SV =Semi-variance
(R —ER) isconsidered only if it is positive and negative (R — ER) istaken as
zero.

(v) Sandard deviation (SD or o): Variance cannot be compared with the expected

(mean) return. Therefore, itsroot istaken in standard deviation so that it can be compared
withthereturn.

D=0c= Variancez\/zn:Pi(R ~ ER)’ ...(L6)

Standard deviationignoresthe size of the project, therefore, comparison of two projects
becomes difficult.

(vi) Coefficient of variation (CV): Thesizeof aprojectisconsidered in coefficient of
varigion
o
CV=——
ER ..(L7)

CV isthemeasureof risk (standard deviation) per unit of expected return. It is, therefore,
useful in comparing risks of two projects with different sizes. A project with alower
coefficient of variationis accepted.

Example1.1: Risk Measurement

Compute the six measures of risk for the outcome of an investment given in
Table1.3.

Table 1.3 Risk Measurement

Outcome (X) Probability
1100 0.2
700 0.5
600 0.3

Solution:
Range =1100-600 =500
MAD: First we need to calcul ate the expected return (ER)
ER ={(1100 % 0.2) + (700 x 0.5) + (600 % 0.3)} = 750



~0.2x|1,100 — 750+ 0.5% |1,100 — 750 + 0.3x |1,100 — 750|
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MAD 3
0.2x350+0.5x350+0.3x350 70+175+105 350
e XSO PO ST S e, S R S 11667
3 3 3
For the rest of the calculations, thework as per Table 1.4 will be useful.
Table 1.4 Sandard Deviation

P Ri PxR | (R—-ER) | (R—ER)* | P(R—ER)’
0.2 1100 220 350 1,22,500 24,500
0.5 700 350 -50 2,500 1250
0.3 600 180 -150 22,500 6750
ER 750 Variance | o° = 32,500
Standard deviation c =180

Variance = ie(a ~ER)’
i=1

= 0.2 x (1100 750)2 + 0.5 x (700—750)2 + 0.3 x (600 — 750)2
=32500
= 0.2 x (1100—750)2 = 24,500

Thisis upside risk because we took an observation higher than ER. We can calculate
semi-variance and determinethe downsiderisk by taking values lessthan ER. Note that
the sum of both the semi-variancesis equal to the variance.

Semi-variance = 0.5 x (700—750)? + 0.3 x (600 — 750)?= 1250 + 6750 = 8000

D :\/Variancez\/zn:P,(R —ER)2

Semi-variance

= /32,500 =180 (usingvariance) OR

o _180_,,54 (using variance) OR
ER 750

Some |ssues

The real-life issue of cash flow risk is more complicated. The complications creep in
because of:

¢ Cashflows of the same period may beinterrelated, for example, advertisement
expense has an effect on sales revenue.

e Cashflowsof different periodsinthelife of the project may also beinterrelated,
for example, if salesrevenue of thefirst year isdifferent, then the second year’s
sales revenue will be affected.

Statistical formulas are available to handle such correlated (interrelated) cash
flow issues. However, it istrue that the degree of correlation among different cash flow
streams and over the two different time periods are just raw estimates. It is aso true
that inreal life, one does not need ahigh degree of accuracy in project risk management.
Therisk assessment methods that we discuss here are adequatefor itsunderlying purpose
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of deriving managerial guidancefor appropriate action, needed for mitigating risk at the
project planning stage.

Decison Rules

Two different decision rules arediscussed in this section. They include: (a) EV ruleand
(b) coefficient of variation. A decision tree approach usesthese tworules. Theserules
havether own limitations justifying the application of simulation method, whichisalso
discussed later.

EV rule or mean variance rule

The expected return and variance (or standard deviation) are compared for taking the
decision. Itisalsocaled mean-variance rule. As per the mean-variancerule, thedecision
istaken by evaluating theinvestment on the basis of their expected return and variance.
Standard deviationisalso used in place of variance.

Let usrefer toFigure 1.6. As per therule, Project-A will be selected over Project-
B, if one of the following two conditions holdstrue:
e Sdlect aproject that offers higher (or equal) expected return but has equal or less
risk
e Select aproject withlesser (or equal) risk but higher expected return

Applying these conditionstotherisk-return profiles of four different projects depictedin
Figure 1.6, any one will select Project A over Project B and Project C over Project D.
But, between A and C, Cis preferred and between B and D, D is preferred.

& s D

(]
=)
3 _
3 B A
I B
o
&

(e}

Fig. 1.6 EV Rule andits Fallacy

Limitations

Therearetwo obviouslimitations of the EV rule. One, it does not help when one project
has higher risk but also offers higher returns; and two, it ignoresthe size of the project.
Between Project A and Project C, which onewould you prefer? EV rule cannot answer
thisquestion.

L east coefficient of variation rule

The coefficient of variation (CV) supposedly removesthelimitation of EV rule. CV is
the measure of risk per unit of return. The CV rule recommends selection of a project

whose risk per unit of returnistheleast. In other words, the CV rule says ‘ accept the
project with the least coefficient of variation’. It takes into account the size of projects.



Limitations

The CV rulehastwo limitations. One, it assumes that one expects the same premium
per unit of risk; implying an assumption that the decision-maker isrisk-neutral with equa
marginal utility at all levels of risk. Thisisnot true. Another limitation of the CV ruleis
clearly observed in the data of two alternative projects as per Table 1.5.

Table 1.5 Limitation of the CV Rule

Project A Project B
Return | Probability | Return | Probability
5 1 8 0.5

18 0.5
ER=5 ER =13
c=0 c=5
Cv=0 CV =0.385

Project B isriskier than Project A as per standard deviation and coefficient of variance.
The CV rulewill favour the selection of Project A. However, common sensewould say
that Project B and not A is preferable. The minimum return offered by Project B is
higher than the risk-free return offered by project A. Project B does not appear to be
risky by any means, though statisticdly it isrisky.

Readers must have noticed that both the decision rules we discussed can be
applied only if dternative projects are under comparison. In that situation too, thedecision
rules are not fool proof.

Decision Tree Approach

Some investment optionsinvolveaset of decisions from aternativesin the future point
of time. Future decision would be dependent on today’ s decision. M any decision nodes
in future make a tree of decisions, where the future options depend on the current
choice. Thedecision tree approach comes handy in deciding about projectswith such
features. Usually, after thetreeis prepared it is rolled back to determine branches that
are obviously diminated because of negative NPV. Then from the remaining options of
branchesdternative setsof projectsareidentified and EV ruleisapplied for theelimination
of some more aternatives. If at the end of the process, there are more than one
alternative, none of which can be eliminated onthebasisof EV rule, theneither CV rule
isapplied or adecision-maker will usejudgement in making thedecision.

Smulation

Sengtivity analysssuffersfrom twobasiclimitations; it ignores probabilitiesand it considers
changein only onevariableat atime. Inredl life, al critical variables arelikely to vary
fromitsforecast. A decision-maker may not feel confident if al critical factorsare not
included inasingleanalysis and that too without probabilities assigned to them. Sensitivity
analysis, therefore, cannot be applied if the decision-maker wantsto get afull picture of
risk before making adecision. The simulation method is prescribed as asolution.

Monte Carlo simulationinparticular isvery useful in project risk analysis. Itisacomplex
method and hence, use of computers and special purpose softwarebecomesanecessity.
How isthe Monte Carlo Simulation carried out? The procedureis asfollows:

o Establisharelation betweenthe net present value and the project parameters and
exogenous variables affecting NPV. Thisis basically the calculation of NPV or
IRR using all variables, which is done in any project analysis whether risk is
studied or not.
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e Forecast various outcomes for each variableand assign probabilitiesto them.

o |deally, taked| possible permutations-combinations of al possible outcomes of al
variables and calculate the NPV or IRR for each one of them. Taking all
permutations-combinations may be extremdy difficult and for real life application,
it may not be needed either. Therefore, take afew but significant numbers of
randomly selected permutations-combinations (iterations).

e For each of the iterations, select avalue for each forecast parameter.
e Caculatethe NPV for the values of parameters selected in each iteration.
¢ Repeat steps4 and 5 for the number of iterations selected.

e Now, oneNPV isavailablefor each run or iteration. Plot thefrequency distribution
of the net present values obtained for all iterations.

The occurrence (outcome) will berandom and not predetermined. Therefore, the concept
of random number hascome. Twofeatures are combined in the M onte Carlo simulation:

(a) Ithasaredistic assumption that someor all variables may change but randomly.
It considers values for several possibilities of outcomes; any one of them may
become a reality. However, a large number of parameters and associated
parameterswould mean almost infinite numbers of permutation combinations.

(b) Random number selection pays dueattention to probabilities. Thereby, evenif the
number of runs (iterations) islessthan thetotal permutations-combinations, the
resultant frequency distributionisfairly representative. A large number of runsis,
therefore, advisable.

Let uslook at the frequency distributions of the net present values of three imaginary
projects. Three simulations, one each for projects A, B and C are carried out and
the resultant three simulation graphs are superimposed on each other as shown in
Figurel1.7.

C

(Frequency)

No. of Occurrences

\

Net Present Vaue

Fig. 1.7 Smulation Result of Three Projects

Decision rules: The Monte Carlo simulation method gives the profile of outcome with
due recognition of probabilities. However, the decision rules are not given, nor canthey
be prescribed. However, if the expected return and standard deviation are calcul ated,
then the same decision guideline can be drawn. The basic rules and approaches still
remain the same as in the EV and CV rules. In the cases charted in Figure 1.7, the
following observations and decisions may be considered:



(i) Project B seems to have a clear edge over Project A. Project B has higher o _egtm'\f/loducﬁon tf:
expected vaue (B isontheright of A) and at amaost equal dispersion (or standard rolect Hahagemen
deviation) compared toA.

(i) Between Project B and Project C, therisk perception of the decision-maker will
have agreater effect on the choice. Project C islessrisky though it seemsto be
giving the expected net present value almost equal to B. The chance of earning
that expected NPV is higher (see the height of the peak) in case of Project C.
However, some decision-makers who have the confidence of * making things
happen’ would definitely like to pay attention to the chance of earning a higher
NPV (theylook at theright of thegraph). Onemay look at theleft, at theright, at
the height and also at the dispersion. The final decision will depend upon what
aertsthem and what lures them. The decision-maker may seek support tographic
visual and obtain some or all of the following statistical data related to all the
projectsfor taking adecision.

e MaximumNPV (right of graph)

e MinimumNPV (left of graph)

e Standard deviation of NPV (spread of NPV curve)
e Expected NPV

e Z-value

Thevalue of simulation liesin its comprehensiveness. It may be difficult to useit but
with easy availahility of computer programs and computer skills, the smulation models
have started finding usersintheindustry. Especially, the problems where probabilities
can be assigned, like product development in the consumer non-durable segment, the
simulation model is applied. Simulationis quite successful in giving acomprehensive
picture of the project risk.

NOTES

3. Incorporating the Impact of Risk Factors on Decision Making

The various techniques of risk analysis studied so far can help in determining which
project has abetter risk-return balance. However, these techniques do not suggest how
toincorporaterisk analysisin either project design or in decision-making.
Pay-off and regret models are useful in providing asystematic approach and selection
of aproject designthat can bejustified on thebasis of therisk profile of the project. And
either cash flow or cut-off rate must be adjusted with the risk profile of the project so
that projectswith different risks can become comparable. Thus, in this section, we will
discuss the following three distinct methods for incorporating risk in the investment
andyss:

e Pay-off and regret models

e Cashflow adjustment or certainty equivalent method

o Adjustment indiscount rate or risk-adjusted discount rate
(i) Pay-off and regret models

Sensitivity analysis can be extended into the decision models for taking a risk-based
project decision. Inthe sensitivity anadysis, (@) the most important factor isidentified and
(b) the most favourable and the most unfavourable scenarios of that factor areforecast.
With the extension of sensitivity analysisinto the pay-off matrix and the regret matrix,
these scenarios of significant variable arefurther leveraged. The outcome (risk) cannot
be altered but the project design can be. If demand was the significant variable having
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vital relevanceto project viability, thenthe project capacity may remainidleif themost
unfavourable levels of demand transpirein the future. Similarly, the capacity may be
found inadequate if demand turns out to be most favourable. Therefore, aquestionis
asked — Can we have a new project strategy (in terms of capacity, product quality,
technology, etc.) which may possibly best suit thelowest estimated demand? Similarly,
can we redesign a project to suit the most favourable outcome of demand? Now, the
project planning team has got three mutually exclusive projects:

e A lowinvestment strategy that best fits the lowest demand
e A mediuminvestment strategy which suitsthe most likely scenario
¢ A highinvestment strategy matching the most favourable outcome

Net present values are calculated for all the three investment strategies for each
possible outcome of amost important variable. The resultant NPV sfor animaginary
caseisgiveninTable 1.6.

Table 1.6 Pay-off Matrix for Alternative Investment Srategy

Investment NPV at Demand
Strategy Most M ost Most
Unfavourable Likely Favour able
Low 455 485 560
Medium 400 500 650
High 350 450 720

Low strategy isided for the most unfavourable outcome but if the outcomeis better than
that, theincremental NPV may beless because of either lost demand or subcontracting.
Mediuminvestment strategy is suitablefor themost likely scenario of demand; if theactua
demand turns out to below, thefixed cost burdenwill reduceits NPV; if the actua demand
turns out to be high, thenit will earnahigher NPV but it may belessthan the one offered
by ahighinvestment strategy.

Maximin decision rule (pay-off model)

Pay-off model isalso called * maximinmodel’ becausethat isthe decision rule applied
here. Thisruleis applied intwo stages:

(a) Taketheminimum NPV offered by each investment strategy (horizonta reading)

(b) Select that strategy of investment whose minimum NPV isthe highest among
the minimum NPV s of all strategies

NPVsinbold in Table 1.6 are the minimum NPV s offered by the respective
strategies. The maximin criterionwould favour investment inlow strategy asits minimum
NPV isX 455 which is higher than minimum NPV's of medium (X 400) and high
(% 350) strategies. The maximin decision rule offers aconservative choice of project,
asit considers only the downside risk.

Minimax decision rule (regret model)

Maximin approach is conservative; it helps those who are worried about downside
risk. Another approach looks at the regrets’ and attempts to minimize the maximum
regret. Itiscalled‘minimax’ decision rule based ontheregret model.

Table 1.7 isaregret table prepared from the pay-off matrix givenin Table 1.6. The
valuesinTable 1.7 are found thisway — if we selected the low strategy and actua
demand turns out to be most unfavourable, then we will get an NPV of 455
(Table 1.6), which is the highest that any strategy would have offered in the most
unfavourable outcome. Therefore, Low Strategy has noregret if the most unfavourable



outcome happens. But, the Low Strategy’sNPV will beless by ¥ 15 NPV than the
best NPV earned by medium strategy if the most likely outcome occurs, that is the
regret of thelow strategy for themost likely outcome. Low strategy and most favourable
outcome would offer ¥ 160 less NPV, which is a regret as compared to the high
strategy best for this situation. Thus, medium strategy and most unfavourable outcome
have X 55 regret (455 — 400), and so on. Read all regret valuesin Table 1.7:

Table 1.7 Regretsof Different Srategiesfor Different Outcome

NPV at Demand
M ost M ost M ost
Unfavour able Likely Favourable
Investment Low 0 15 160
Strategy Medium 55 0 70
High 105 50 0

Theminimax decision rulerecommends the decisioninthefollowing steps:

(i) Take the value of maximum regret that may be possible in every investment
strategy (horizontal reading)

(i) Select theinvestment strategy whose maximum regret isthe least among all

InTable 1.7, the medium strategy’s maximum regret is< 70, whichisthelowest
as compared to maximum regrets of ¥160 offered by the low strategy and
%105 by thehigh strategy. Therefore, adecision-maker who looks at therisk inareasonable
way would select medium investment strategy.

Pay-off and regret models do not fully integrate risk in the analysis. They only
consider the range as the measure of risk. They ignore probabilities. Thisworks with
only one sensitive variable. However, this is only the model that lays emphasis on
redesigning the investment strategiesto suit the outcome. The managers may not have
control over the outcome but can definitely adjust their plans to make it suitable in
various scenarios. Thesemodels, therefore, havetheir own placeinthefield of total risk
management in capital budgeting.

Pay-off and regret models recognize risk better but they do not numerically
incorporate risk inthe evaluation nor consider probabilities. Risk can be mathematically
incorporated inthe analysisin two different ways, namely (a) adjusting cash flow and
(b) adjusting discount factor. Theformer onelowers down thefigureinthe numerator of
the NPV formula using the ‘certainty equivaent’; whereas the latter inflates the
denominator, using risk-adjusted discount rate. These two methods are discussed
heresfter.

Certainty equivalent approach

The net present value formulauses cash flow in the numerator and discount rateinthe
denominator. Cash flow isarisky one. The certainty equivalent approach multipliesthe
risky cash flow with the certainty equivalent factor and convertsit into the equivalent
risk-free cash flow. The formula for ‘certainty equivalent factor’ is given in
Equation1.8.

Certainty Equivalent Value

Expected Value
Here, CEF = certainty equivalent factor, whichisalwayslessthan 1.
Certainty equivalent cash flow = Expected value x Certainty equivalent factor

Thehigher therisk, thelower will be the certainty equivalent factor and lower will bethe
risk-adjusted net present value. Certainty equivalent value can be determined in theory

CEF = ..(18)
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by looking at the slope of the utility curve. However, the utility curve is more of an
imagination and therefore, the certainty equivalent value will at most bejudgemental and
cannot be accurate.

Risk-adjusted discount rate

Itispractically easy to adjust risk in the discount rate; rather thanin the cash flow. This
meansthat, the cash flow of the project should be discounted at the rate that incorporates
risk init, rather than at the risk-free rate.

RADR =R + R ...(1.9)
Here, R, =Risk-freerate
R = Risk premium

The* adjusted weighted average cost of capital’ method is used for determining therisk-

adjusted discount rate. If we use risk-adjusted discount rate, then cash flow should not
beadjusted.

Thus, use of pay-off matrix or regret matrix for redesigning of projects and then
selecting the one among them is one step that must be followed by risk adjustment in
NPV calculation.

1.3.2Project Selection and Formulation

Earlier, firms considered projects as apart of their strategy and functions; but now-a-
days firms are getting specialized in executing projects. Each and every project is
important for the firm and requires proper development and implementation strategies.

Project manager should select only those projectsthat ensure returnsin the near future.
Thisis becauseit helpsin allocating the resources that aim at ensuring better returns.
Therefore, proper decision-making processis essential for the selection of the project.
Whileselecting aproject, thefollowing considerations should be kept in mind:

¢ Realism: The project sdection model should consider all therisk factors suchas
the cost and time that influence the decisions of a project manager. The model
should also explain the objectives of the project manager and thefirm.

e Capability: Thesdectionmodd should help the project manager take appropriate
decisions by considering the risk and constraints involved in the project. The
selection model should be capable of evaluating the future project proposalson
the basis of the expected returns of the project.

e Codt: Thevarious costs associated with theright project selection model should
bekept at the minimum level. The costsincurred in designing aproject selection
model consists of datageneration, processing and storage expenses. Theobjective
hereistoidentify the best project selection model.

e Flexibility: The project selection model provides the desired results within the
stated conditions of thefirm. The modd should beflexible enough to adjust with
the environmental changes of thefirm.

e Easy usage: The project selection model is convenient enough to implement
insidethefirm.

Project Selection Models

Project selection models help the project manager in selecting aproject. Therearetwo
types of project selection model s-numeric and non-numeric.



1. Numeric Models

These models use numbers asinput for selecting aproject. Numeric models are of two
types:

e Profit or profitability: These models consider monetary and non-monetary
factors. The biggest advantage of the profitability model is that it is easy to
understand and use. Following arethetypes of profitability models:

o Payback period: Thisisthe easiest way of analyzing project ideas. Payback
period representsthe time the project takes to return the money spent onthe
project. The payback period iscalculated from thefollowing formula:

Cost of the project

Annual cash inflow from the project

0 Average Rateof Return (ARR): The project manager selectsthe project that
provides reasonablereturn against theinvestment made. ARR isthe smplest
way of calculating the return oninvestment. Following istheformulaof ARR:

Annual cash Inflows — Depreciation
Initial Investment
Intheaboveformula, depreciationis calculated by using the straight-line method,

Cost — SalvageValue
Useful Life

e Scoring: Thesemodelsinvolve multipledecision criteriafor selecting aproject.
In scoring models, the decisions are taken after discussions between the project
team and thetop-level management. Following are the types of scoring models:
0 Unweighted 0-1factor: The management liststhefactorsthat are considered

inrating aproject. Management consists of ateam of raterswho help selection
of the project. The people involved in the team must be familiar with the
organizationd gods. Inthismodel, thelist of factorsis provided to theteam of
raters and the project is selected on the basis of the score given to it. The
benefit of using thismodel isthat it gives equal importanceto the opinions of
all ratersonthebasis of which thefinal result is obtained. Table 1.8 showsthe
rate sheet for a project.

Table 1.8 Rate Sheet for a Project

Project:
Rate: Date:

Mark () in the appropriate place for each factor
Particular Qualified | Not qualified

Potential market size

Research break-even with 4 years

Requirement of new facilities

Manageable with current employees

Requirement of extra consultants

Need for external consultants

Requirement of redesigning organization structure

Innovativeness of the project

©OIN|O | WM

Total Score
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0 Unweighted factor scoring: In this model, the raters can select any of the
vauesonthescaleof 1 to5inwhich 5isvery good, 4 is good, 3isfair, 2is
poor and 1isvery poor. Table 1.9 showsthe profit rating of aproject.

Table 1.9 Profit Rating of a Project

Rates Profit for next 2 years
(in%)

Below 1 lakh

1-20 lakh

20-50 lakh

50lakhto 1 crore

a| b~ w N[

Above 1 crore

2. Non-numeric M odéels

These models use discussions and suggestions as input for selecting a project. These
models are constructed on the basis of subjective evaluation of theideas and opinions of
the project manager and the project team. Following arethetypes of non-numeric models:

e Sacred Cow: These are models in which higher officials such as the CEO of a
company supportstheproject.

e Q-Sort: This helps in preparing a list of projects that are on priority. In this
technique, the project manager gatherstheideas of the project and then classifies
them asgood, fair or bad. Theclassification of the project isdone on the basis of
the market potential, economic and technical feasibility, risksinvolved and the
level of competition.

1.3.3 Greenfield’s Project

A Greenfield project isonewhichisnot constrained by prior work. It isconstructing on
unused land where thereis no need toremodel or demolishan existing structure. Such
projects are often coveted by engineers.

Some examples of Greenfield projects are new factories, power plantsor airports
which are built from scratch. Thosefacilitieswhich are modified/ upgraded are called
Brownfield projects.

1.3.4 Special Economic Zone Projects

Specid Economic Zone (SEZ) isaspecifically delineated duty free enclave considered
to beadeemed foreignterritory [within Indig] for the purposes of trade operations, duties
and tariffs. SEZ, thus, is ageographical region where the fiscal and economic laws are
morelibera as compared to the businessundertakingsinthe Domestic Tariff Area(DTA).

Theentire SEZ areais divided into Processing and Non-processing area.

e Processing Area: Thisis in which the core business activities of the SEZ is
undertaken by the approved units. At least 50 per cent of the SEZ areahasto be
processing area.

e Non-processing Area: Thisisin which the support infrastructure is created,
primarily to cater to the needs of the employeesworking inthe SEZ.



¢ SEZ scheme hasfollowing two important constituents: Introduction to

. . Project Management
o Developer/ Co-developer: Who establishes the entire SEZ. There can
be more than one Co-devel oper(s). Usualy, the infrastructure in the non-

processing areais developed by the Co-developer(s). NOTES
o Entrepreneur: Who sets-up unitin the SEZ.

The State Government shall forward proposals received, ong with its commentsonthe
following to the BoA to the effect that —

e Theareaincorporated intheproposed SEZ isfreefrom environmental restrictions;
o Water, electricity and other services would be provided as required;

¢ Theunitswould begivenexemption from eectricity duty or tax on sale of eectricity
for self generated and purchased power;

¢ Thegeneration, transmission and distribution of power within SEZ will bealowed;

¢ The State Government shall endeavour to provide exemption from State sales
tax/ VaueAdded Tax (VAT), octroi, mandi tax, turnover tax and any other duty/
cessor levies on the supply of goods from DTA to SEZ Units;

e For unitsinsidethe SEZ, the powersunder the Industrial DisputesAct and other
related labour Actswould be delegated to the Development Commissioner and
that the Unitswill be declared asA Public Utility Serviceunder Industrial Disputes
Act;

¢ The State Government shall announceits Policy on SEZ supported by requisite
notifications before recommending any proposal for setting up SEZ inthe State

¢ Single point clearance system and minimum inspections requirement under State
Laws/ Ruleswould beprovided.

e The SEZ scheme has generated tremendous response from theinvestors, bothin
Indiaand abroad. The SEZ scheme generated domestic and foreign investment
tothetune of INR 2,36,716 Crore(as of 31 March 2013):

e Further, the exports from SEZs have also shown robust growth year after year.
Thevalue of physical exportsduring last three yearsisasunder:

Table 1.10 Export from Special Economic Zones

Export from Special Economic Zones

Year Physdcal Expor ts Physical Exports Growthrate
from SEZs from SEZs (over the
(inINR — Cror es) (in USD — Million)* previous
year)
2012-13 4,76,159 87,546 31%
2011-02 3,64,478 68,769 15%
2010-11 3,15,868 65,806 43%
2009-10 2,20,711 46,521 121%
2008-09 99,689 21,675 50%
2007-08 66,638 16,560 93%

2006-07 34,787 7,629 51%

*Source: EPCES Annual Report
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Adoption of Technology

If thereisan ample market demand without enough supply, the focus should shift over to
technology. Thefollowing inquiries must be made with respect to technology analysis:

(a) Avalilability of commercially exploitabletechnology and its alternatives.
(b) Transferability of thosetechnologies

(c) Other inquiriesabout thetechnologies
e Normal capacity utilization
Requirement of plant and equipment and fabrication facility
Production process needed
Possible product mix
Possiblealternate usage
Fexibility
Rate of change
Wastedisposal

(d) Riskimplications
(e) Resourceavailability

Investment Planning

Over the past few decades project management has been introduced into knowledge
workplacesto enableincreased disciplinetotheway investmentsare shaped and managed.
Project management methodologieswere originaly developed to increasethe certainty
that adefined solution would beimplemented as planned. Indoing this, project management
enables thefollowing questionsto be answered:

o Will the project completewithin budget?

o Will it deliver toits planned schedule?

¢ Werethe expected products delivered?
From the perspective of the investor, what ismissing are answersto thefollowing:
Beforeaninvestment decisionismade

e |sthelogicfor the planned investment clear?

e |sthereasound caseto invest?
After the project is delivered

¢ Werethe expected benefits delivered?

I nvestment management and project management are complementary disciplines that,
together, enable aninvestor to shape and implement good investments.

1.4 PROJECT PLANNING

Project planning refers to a procedural step in project management. During project
planning, required documentationis created to ensure successful project completion. All
actionsrequired to define, prepare, integrate and coordinate additional plansareincluded
indocumentation. The project plan clearly defines how the project is executed, monitored,
controlled and closed. Project planning requires anin-depth analysis and structuring of
thefollowing activities:



e Formulation of project goals  Introduction to
Project Management
e |dentification of project deliverables
e Creation of project schedules
e Creation of supporting plans NOTES
Theseactivities are discussed ahead under the project planning process.

Atthe end of the project planning stage, thefollowing areidentified:
Obstaclesinthe project

Minimum timerequired for the completion of the project

Magjor deliverables of the project

Work required for the completion of the project

Peopleinvolved inthe project and their key responsibilities
Required milestones of the project

Project planning is never really complete until aproject isdone. The project plan
may return to the planning stage many times before it is accomplished. Usually, the
length of the project planning stageis determined by project complexity.

1.4.1 Objectives of Project Planning

Itisessential to clearly set the objectives of project planning. Clear objectivesresultina
higher rate of project success. Once you have defined the objectives of your project, the
tasks leading towards these objectives can easily beidentified. If asailor, for example,
knows where the fish are, he can direct his boat to the proper spot. Sois the case with
project planning.

Setting Good Obj ectives

Since good project plans requiregood objectives, it isimperative to know how to write
good objectives. Good objectives arefinitein scope and duration. They canbe measured.
They are redlistic. They are clear and they require actions to complete. They have

every element of being achievableif the project planisfollowed. Thus, good objectives
are specific, measurable, action-driven, redlistic and time-bound (SMART).

Examples of Bad Objectives

Below isalist of some poorly written objectives:
e Toincreasethe number of clients
e Tomake customers happy
e To create some sort of new product
e Tofind funding
e Todiminatequality problems
e Tomake more money
e Toachieve success
e Toshareknowledge

Theseobjectivesare bad becausethey lack specifics, they do not rely upon actions,
or they focus upon a meansto an end rather than an end.
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1.4.2 Process of Project Planning
Asmentioned inthe definition of project planning, project planning isafour-step process.
Sep 1: Setting project goals

A project is said to be successful only when the requirements of the stakeholders have
been met. A stakeholder refersto anybody directly or indirectly affected by the project.
Asafirst step, itisvital to recognize the stakeholdersin your project. The examples of
stakeholders include the project sponsor, the users of the project outputs, the customer
who receivesthe deliverables and the project manager and project team. After you have
identified the stakeholders, the next step isto find out their needs. The next step isto
prioritizethe needs of the stakeholders of the project. From the prioritized list, you need
to create a set of goals that can be easily measured. A technique for doing thisisto
review them against the SMART principle. Onceyou have determined your goals, you
need to record them in the project plan.

Step 2: Project deliverables

Onthebasisof thegoals setin step 1, you need to create alist of thingsthe project needs
todeliver to meet those goals. At thisstep, it is specified when and how each item must
bedelivered. The deliverables are added to the project plan with an estimated delivery
date. More accurate delivery dates are established during the scheduling phase.

Step 3: Project schedule

Now alist of tasks that need to be executed for each deliverable identified in step 2 is
created. For each task, identify the amount of effort (hours or days) and resources
required to complete the task. After establishing the amount of effort for each task, it
becomes easy toworkout the effort required for each deliverable aswell asan accurate
delivery date. Update your deliverables section with the more accurate delivery dates.

Step 4: Supporting plans

This section deals with plans you should create as part of the planning process. These
can beincluded directly inthe plan.

Effectiveness of aproject isafunction of abetter understanding of activitiesand
critical success factors at various stages of the project. Any project will typically pass
through four stages. Thefirst stageisthe conceptualization stage, followed by the planning,
execution and termination or clean-up stages. Table 1.11 summarises the stage-wise
project activities and critical success factors of aproject.

Table 1.11 Activities and Critical Success Factors at Different Phases

of aProject LifeCycle
Concepualization| Planning Execution Termination
I dentify need Deveop: Set up organization Train operators

Establish o Plan Working drawingsand| Transfer materials
feagibility: o Blockdiagrams | specifications Document results
o Programme o Sketches Designreview Transfer
Process « Standards Procure equipment Responsibility
Schematics Conduct studies Procure construction | Release resources

services Reassign project



o Sketchesand | Select equipment Produce physical team
outline Reconfirm Economics| entity
» Basic budget | Deveop: Quality assurance
and schedule |« Budget Modify as required
« Projectteam « Schedule
« Financing « Cash flow
Prepareand submit
| dentify project brief
alternatives Obtain approval
Present toimplement
proposal
Obtain
approval to
proceed
gL Phase 1 Phase 2 Phase 3 Phase 4
E g Co_nceptuali- Plar_ming o Exe_wtior! _ Terr_ni nati on
8'% zation Project mission Project misson Project missing
B g Proect Top management Schedules and plans | Technical task
% @ mission support Trouble shooting Client consultation
%g Client Client consultation | Client consultation | Client acceptance
25 Consultation| Client acceptance Tech. task personnel
Communication
Monitoringand
feedback

1.4.3 Project Construction Alternatives
Threedistinct aternativesfor project construction areasfollows:
1. Turnkey Project Congruction

Inaturnkey project construction, the firm will assign asingle contractor, acontract to
construct the entire project as per specifications. Theproject contractor, inturn will have
tolineupall resources, assign sub-contracts, erect the project and hand over thekey, which
the firm has simply to turn on and start the commissioning of the project. A firm’s
manpower continues to remain focussed onits current business activities. Thiskind of
arrangement is costly but convenient. Small businesses, whaoseresourcesare scanty, under
stress and lacking expertise for project construction, may find this alternative very
convenient. Even alargefirm may see advantagein thisaternativein somesituation, for
example, alargefirm that hasno experience of constructing aprojectinaforeign country
may liketo opt thisalternative.

A turnkey contractor brings expertise, experience and resources for project
congruction. But, at the sametime, turnkey construction dternative hasitsown chalenges.
Thechdlengesareintermsof contracting and contract management. Contracting involves
writing alegally tenable contract, which also facilitates a clear understanding on the
partsof both sides and leavesroom for flexibility much needed in project design. Contract
management involves quality and time supervision at the contractor’s and their sub-
contractors' sites, design change management together with their implications on cost
and time. If these aspects are left unattended, aturnkey project ismoast likely to become
expensive and finaly unviable.
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2. Completely Self-executed Project

Inacompletely self-executed project, afirm will deploy its own internal manpower or
hire expertsto construct every work structure of the project. Resources are bought and
plant is erected without the hel p of any externd expert. It only involves supply contracts,
and therefore, contract and contract management are of less significance in this
alternative. However, it puts atremendous amount of stress on the current manpower of
thefirm. People’s energy will be split between routine operations of current business
activities and non-routine project construction activities with multiple reporting inthe
hierarchy of the organization. Conflict in priorities and absence of necessary skillsmay
cause more harmful effects on project efficiency. However, small projects can best be
constructed like this as it offers the best possible control over al the resources and
activities.

3. Self-executed Project with Several Contracts for Sub-activities

Most projects, in normal circumstances, are self-executed projects with several sub-
activities contracted out to expert agencies. The balance between hiring expert
construction agent and use of own manpower depends on the availability of internal
manpower, their skill set and the ability to manage severa externa contractors. Contracting
and contract management issurely anissue here, but additionally theissueis of coordination
among al contractors and self-executed activities. Thisalternative offersan opportunity
for efficient construction if coordinationis achieved.

Planning, monitoring and coordination tasks significantly vary depending uponthe
project construction alternative selected by the company.

Factorsin the Choice of Project Construction Alternatives

There are advantages and disadvantages of each project construction alternative. The
choice should be made after weighing severa factors, some of which are listed as
falows:

e Typeof project

e Cost of dternative

e Internal availability of resources and expertise

e Existing management information system

¢ Organization structure of the company

e Company’s strategic route and growth rate requirement

Turnkey contracts may be little costly, as the turnkey construction. Contracting
smaller work packages may be less expensive but coordination among contractorswould
requiresolid legal and management skills. A self-constructed project could be cost effective
but demands special skills and expertise in project management. If the firm does not
possessthem, then venturing into construction of aproject onits own may turnout to be
catastrophic. Self-construction may not be favoured even if resources are internally
available, if the company’'s management information system (data capturing, processing
and reporting) is not geared up to meet the needs of project construction. A weak MIS
may be prove to be expensive. The most important factor is acompany’s organization
structure. Strong functional structure with hierarchical awareness and astrong line of



command leave no scope for self-execution of aproject. Inflexible, rule-oriented and
demotivated workforceimpliesthat thefirmis not capableto handle the project on self-
construction basis.

In case of external growth strategy, where the growth of the firmis sought via
mergers and takeover, thefirm’soptions are limited. M erchant bankers may be hired for
arranging merger and takeover, but post-merger activities have to be managed on ones’
own, no agency support isavailable. A fast growth company islesslikely togofor self-
execution of projects, though we have seen Reliance Industries growing leaps and bound
withinternal growth options.

A firm must weigh each of factors before selecting the most suitable dternative
for the construction of the project.

Whatever bethe project construction aternative selected, aproject manager has
torely largely on oneor more contractors, many of whom would be project management
professional companies. In case of a turnkey project construction option, one has to
select aprofessional company that specializesin the construction of type of projectson
hand. In other cases, one may have to select several professional companies expert in
variousfields such as engineering design, engineering services, engineering erections,
fabrication and transportation, civil construction, interior design, project coordination
services and others.

1.4.4 Project Scheduling

Project scheduling enables a project team in assessing the time availableto complete a
project. It facilitates the project manager in assigning responsibilities and getting tasks
accomplished. Hence, alarge number of project managers depend upon project schedules
to set deadlinelimitationsfor projects.

Project scheduling takesinto consideration the tasks need to be carried out for a
project and allocatestime limit for their completion. The project scheduler fixesthese
deadlines by estimating the time given to each task. Scheduling requires an elaborate
insight of which action needsto get taken and when. Thisisdiscussed in detail in Unit 3.

1.5 PROJECT IMPLEMENTATION AND CONTROL

Project implementation isthe maost difficult and challenging task in project management.
Project execution or implementation it involves several people and teams with different
skills, abilitiesand priorities, constant coordination and adjustment in planned activities,
conflict with routine operations of business because of overlapping project organization
structure and several such issues. In the following section, we will discuss the topics
very essential for care and caution during project execution.

1.5.1 Goals of Project Implementation

Theimplementation of aproject must aim at the following:
e Efficient coordination among all sub-unitsof project teamsand their activities
¢ Enabling changesin project design appropriatefor thefinal outcome of the projects

¢ Discouraging those changesinaproject design that may not be essential for the
final outcome of the project

Introduction to
Project Management

NOTES

Check Your Progress

6. Define project
planning.
7. When is a project

considered to be
successful?

8. Mention the four
stages that any
project passes
through.

Self Learning
Material 41



Introduction to
Project Management

42

NOTES

Self Learning
Material

o Completing the project within thetargeted cost and time
e Minimizing variationsin the standards of performance

Action

Each project sub-teamis on action at this stage. Resources are acquired and collected
at thesiteon time; the project sub-teamsfollow the technical volume of the DPR, build
thework package assigned to them and keep records as expected from them. More of
technical tasks and resource acquisition tasks are done at this stage.

Possible Mistakes During Execution

The complexities of activities, their interdependencefor time, cost and performanceand
empowered sub-units of project teams often create situations where some unintended
mistakes may be made during the execution stage. Many of these mistakes may not be
noticed until it istoo late. Thefollowingisthelist of potentia mistakes often made during
theexecution of projects:
¢ Design change of non-essential nature which may cause delay and extra costs.
e Adding new features and provisions, though they may not have much added
value. Thisoccurs more often in support and peripheral assets of the project and
not so much in the core assets of the project
¢ Slow responseto unfolding unexpected event, which may delay the project and
add to the cost
o Very fast responsesto unfolding events, evenif the activity isnot onthe critical
path and thereisenough slack time
e Excessive cost consciousnessthat may cause adverseimpact on completiontime
and project performance

Thesecommon mistakes can beminimized through better project organization and through
aproper system for execution and control of projects.

1.5.2 Monitoring and Control

A detailed project report (DPR) gives afull description of work packages, time schedule
and cost budget. Inthe control process, information on actua cost, timeand performance
is compared with these estimates. The comparison may be made either on reaching
every designated milestone in the project or at specified timeintervals. In the former
case, thereisthe problem of matching time and in the latter case, thereisthe problem
of matching work packagestothework actualy done. It islikely that somework packages
will be partially complete on the reporting date and this makes it necessary to estimate
their percentage of compl etion asabasisfor comparing the actual timewith the scheduled
time. A similar procedure must be used for cost comparisons.

Management isconcerned with thefollowing three basic questions during the execution
stage:
(a) Istheproject likely to be finished by the scheduled completion date?

(b) Isthe completed work likely to meet the specifications prescribed at the time of
approval of the project?

(c) Isthework likely to be done within the estimated cost?



If at any time during the course of project execution, the answer to any of these questions
is negative, themanagement would like to know the reasons and alternative corrective
actions, if any. Thesethree questions cannot be considered separately from one another,
for it issometimes desirableto make trade-off among time, quality and cost, for example,
overtime might be authorized in order to achieve timely completion of work but this
would add to the costs; or some of the specifications might berelaxed in order to reduce
costs. Inany case, aproject control system must be structured for effective handling of
thesethree dimensions.

Itisdesirabletoidentify the relativeimportance of quality, timeand cost for each
work package at the planning stage, so that the project team members can use their
judgement regarding what can be compromised and what cannot be.

In addition to the key areas, there has to be provisions for reports and review
meetingsin the project control exercise.

The Monitoring System

A monitoring system must be objective-oriented. The objectivity can be embedded by
initidly identifying thekey factorsto be monitored at various stages of project construction.
It helpsin defining exactly activities, specificationsand coststhat needsto be controlled.
For example,

¢ Activitieson acritical path are essential for monitoring time.

e Technical specifications of critical work packages are important to monitor the
project to avoid failure. Usually, some core assets are important in their
specifications, and there may be very little tolerance in constructing these work
packages. Some support assets are also critical for the success of projects. For
example, the design and specifications of afactory building is more critical than
that of an office building.

e Some work packages are more sensitive to price. They must be monitored for
costs even if they are not on the critical path.

It would help to define the tolerance limit (acceptable variances) interms of specifications,
schedule (time) and costs for various important work packages to make it easier for
adding objectivity ininformation system; it would also help inthe review of progress.
Later, inthe MIS reports the activitieswhose variances are beyond the tolerance limit
must be flagged to draw the attention of the user.

Some important issues must be addressed in advance of undertaking a project.
For example,

(8 When the datamust be collected and communicated to the data processing centre
for generating reports. Some datais easily available and some need specid efforts
in documenting them, whereas, some datais not available at thetimethey haveto
be communicated. How are such non-availability situations handled?

(b) Several typesof datamust be collected for measuring the progress of aproject.
Inadditiontothefinancia data(rupee valueinformation), onewould need dataon
percentage work done, inspection results to report technical performance data,
information about changesin specificationsif any, with supportive evidencesand
observance of procedures and implications of change on the subsequent project
activities, if any, and soon. Thelist may be endless.

(c) Somedataisjust narrativeinformation but need documentation and communicetion.
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(d) Some subjective information has to be reported a standardized numeral rating
format. What are they, how should the management information assign numeric
rating and report them?

(e) Oneof the most important issueis designing the data collection system, including
format design and procedure.

Thus, awel-focussed project information management systemwill haveaclearly defined
focus, awell-designed approach for data collection and datareporting. Theseissuesare
further explained in the subsequent sections.

Key Areas of Monitoring

Key areas of monitoring are the same as the key elements of projects. They are
(i) time, (i) cost and (iii) performance. Performance hastwo dimensions; namely work
quantity and work quality. There should be constant monitoring of these eementsduring
the project execution phase. Thesethreeareinterrelated, still it isdifficult to put all these
threetogether and develop asingle parameter for their monitoring. Earned value (EV)
project management is useful here.

M anagement Information System (M1S) for Project Control

Goals of project review are achieved through the measurement of actual progress of
project construction and comparison with the original plan. A well-designed management
information systemisneeded for doing thisjob. Every firmislikely to have someformal
and informal management information systems for its business operations. The same
management information system cannot be relied upon for the project management,
because theinformation system issuesin project management are completely different.
Project activities are different from the routine operating activities, procedures are
different, locations of activities are different, priorities are different, stakes are high,
need for quick corrective stepsis strong; these and many other factors make essentid to
have aspecially designed management information system for project management.

Themanagement information system for aproject would initialy servethe purpose
of project monitoring and control and also the purpaose of project reviews.

1.5.3 Review Meetings and Reports

Reports are studied and interpreted to find out the need for taking corrective actions.
Review mestings are essentia for brainstorming onthe highlights of reports. Theobjectives
of review meeting arelisted asfollows:

Objectives of Review M eetings

¢ Controlling multidisciplinary activitiesat the higher level

e Involvement of al key personnel

o Comprehensiveunderstanding of project situation and potentia problem
¢ Cross-validation of current datafor true picture of project status

e Interactivemode, therefore early identification of potentia problem

¢ Action oriented; corrective action can be defined and assigned

e Synergism, unifying force



There arethree types of reviews needed:

(i) Technical review: This review is carried out at the task level. The task
leader calls atechnical review meeting and it is attended by all task force
members. Itisheld regularly and frequently. Task statusreview isthemain
purpose of technical review. It checks the appropriateness of technology,
equipment, etc., so that if need be, some specifications can be changed with
aview to make the project viable.

(i) Design review: This review meeting is held at the sub-system level and
system level. The design of the project often undergoes change during
execution. Thereasons areplenty. The existing constraints of land, building,
local environment, non-availability of equipment, change in raw material
specifications, local weather conditions, energy supply condition, quality of
water available, change in government regulations, etc., may require the
project team to consider the changesin design in the midway course.

(i) Programmereview: Thisreview is ahigh-level review which involves
key personnel fromall functional areas. Thefirmthat is proactive may like
to review the suitability of the project in the total scheme of the firm in
terms of capacity and need. A project may be dropped or modified in the
light of new situation.

Results of Review M eetings

A review meeting would obviously make policy decisions about changes, if required.
Changesin design, scale, schedule, staffing, and delegation of power, and so on could be
the outcome of review mesting. A review meeting must review the viability of aproject
inthelight of experiencesin project execution and changes that might have occurredin
the environmental factors during the period. Such areview would essentidly involvere-
caculation of financid parameters. If the project isfound to be unviable, thenit must be
thoroughly reviewed and even the option of abandonment must be considered.

Government projects often become victims of timeand cost overruns. Still they
go on and continue eating up valuable resources of the nation. The Central Government
hasfor thefirst timeinApril 1999 taken adecision to abandon 48 core sector projects
costing over X 4500 crore, after the zero-based review of 471 Central projects. That
would save about X 100 crore every year on token provision in the budget. It appears
that the Finance Ministry hastaken apolicy decision that aproject with 60 per cent time
overrun and 20 per cent cost overrun be axed.

Earned Value M anagement

Thisis one of the reporting tools but looking into its significance in monitoring al the
threedimensions (time, cost and quality) of the project, it has been discussed asaseparate
topic in this section. The significance of the earned value concept lies in its severd
important features. The concept of ‘earned value' iswidely in practice today. Earned
vaue can provide any project manager with an early warning tool that sendsout asignal
from as early as the 15 per cent completion of a project. This signal alows project
managersto forecast thefina required funds needed tofinish the project withinanarrow
range of values. Theforecast results enable the project manager tojudge whether they
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are acceptable or not, sothat if the forecast results are unacceptable, immediate actions
canbeinitiated.

The perusal of Figure 1.8 would aptly explain the significance of the earned
value management system. It isagraphic presentation for conceptua understanding
of the earned value reporting. ACWP comes from the project information system,
BCWS, BCWP and BAC are obtained from theinitid plans (detailed project report),
EAC is estimated based on the current data and SV and CV are calculated from
these information.

&~ :
8 Projected
S BCWS Delay
. (Planned Value) Variance at
% ..... Y_ Completion
= ACWP sV
g (Actual Cost) -~ <em-p--m-- A
O
(Earned Value)
Time
Time Now
Legends:
BCWS = Budgeted cost of work scheduled (planned BAC = Budget at completion
value) EAC = Estimate at completion
BCWP = Budgeted cost of work performed (earned SV = Schedule variance (BCWP — BCWS)
value) CV = Cost variance (BCWP — ACWP) positiveis
ACWRP = Actual cost of work performed (actual) favourable

Fig. 1.8 Project Satus Chart using Earned Value

Theearned value chart gives a snapshot of the projected delay, schedule variance, cost
varianceand estimated variance on completion. If anestimate at completionisacceptable
interms of project viability, the project manager would do nothing and let the project
unfold with the variances. However, if the variance at completion is alarming for the
viability of the project, then the project manager needsto initiate actionsfor control of
time and cost overruns, depending uponwhat seemsto be amore significant contributor
inrendering the project unviable and what is controllable at that point of time.

Likeany other system, earned value reporting will work only if some prerequisites
are observed. Fleming and K oppelmangave‘tenmusts’ toimplement earned valueon
al projects. These‘ten musts' areasfollows:

1. Definework scope: Using the works breakdown structure, all the works of a
project must bedefined. Thisisnot an easy task, especidly defining performance

targets. Without defining performance targets, one cannot ascertain the amount
of work completed.

2. Createan integrated bottom-up plan: Anintegrated bottom-up plan of detailed
measurement cellsis called Control Account Plans (CAPs), which combines
critical processesincluding defined work scope, schedule of activitiesand resource



plans. The performance measuretakes place withinthe detailed CAPswhich are ~ Introduction to
then added to get the total project’s performance. Project Management

3. Formally schedule CAPs: Each defined CAP must be planned and scheduled
with aformal scheduling system with a specific time frame. As performance
takes place on the project, the portion of the planned vaue actually accomplished NOTES
becomes the earned value. Both the planned value and earned value use the
same matrix to measuretheir performance.

4. Assign each CAP to an Executive for Performance: Each CAP must be
assigned to a project sub-team with a leader, who should also be empowered
according to the criticality of the CAP.

5. Establish abaselinethat summarizes CAPs: A tota baseline against whicha
project performance may be measured isformed at this stage. Thismay besimply
asum of all CAP performance goals, if management reserveis held by asenior
manager committee and not assigned to CA P executives or the project manager.

6. Measure performance against schedule: The value of the work scheduled
and the value of the work accomplished in agiven time frame are collected for
performance measurement. Each behind-scheduletask must be evaluated interms
of criticality to the project. If the late task is on the critical path or if the task
carriesahighrisk, effortsmust bemadeto put thetask back on schedule even if
more costs have to be incurred.

7. Measure cost efficiency against costs incurred: Here, cost efficiency is
measured. Thedifference between value of work performed and the costsincurred
to accomplish thework isthe measure of cost efficiency.

8. Forecast final costs based on performance: Periodicaly, during project
execution, using the zero base approach, one must forecast the total estimated
cost at completion. Astime passes and activities performed are more accurate,
forecasting becomes possible, indicating the viability of the project.

9. Manageremaining wor k: The expensesincurred on the project up to the point
of areview time are sunk cost but future activities must be reviewed for
improvement, if any.

10. Manage baseline changes: The baseline must be adjusted for any changes
madein the remaining work.

This earned value management concept hasits roots in industrial engineering, where
factory managers were concerned about the three dimensions of performance, time,
cost and qudity. A method of statusindex number was developed to encompass all the
three dimensionsin onesingleindex. The development of PERT/Cost in the 1960s later
got combined to devel op the earned value management system. It began with the US
Department of Defence mandating in 1967, the use of cost/schedule control systems
criteriaonall privateindustrial firms participating in major government systems. Now,
thisis practised by most firmsfor monitoring their projects, including software projects.
Thebenefits aretremendous as an eye on ultimate viability of the project brings objectivity
inthe project execution tasks.

Corrective Actions

Control reports must be read and interpreted for corrective actions, if needed. The
timdinessof anactionisextremely important in project management becausethe decison-
maker hasto balance among time, cost and quality for ensuring viability of projects. In
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addition, there may be some additional information outside the project reports, which
may lead to changein specifications or design of the sub-projects. Some changes may
bedesirablefor project efficiency and some other changes may look good at theface of
it, but may cause unjustifiable cost and time overrun without adding any efficiency vaue
tothe project. Review meetings on reports and other information pertaining to a project
aresignificant.

Control reports and review meetings bring to the notice of the decision-makers
impending problems, if any. The necessary actions must beinitiated without loss of time;
otherwise, it may prove to be costly. The level at which the required decision istaken
will depend upon the type of organization and delegation of power in the project team.
Irrespective of thetype of project organization and other procedures, the most important
is the speed and quality of corrective actions. The following are the prerequisites for
achieving effectivenessin decision-making inthis matter:

o Knowledge of critical aspects of the project
¢ Dynamic responsecycle

Thesetwo pointsare now explained inbrief.

Critical aspectsof aproject: Thefirmidentifiesthe critical aspects of aproject at the
planning stage. For each work package and its component, the firm must identify what
ismost crucid, i.e., how much slack timeis available, what are the cost implications of
delay vsthe cost of alternate course of action for timely completion of awork package
and what will bethe cost implications of changed quality of work. The personin charge
must be aware of these so that she can respond to the situation and take aright decision
whenever adeviationisfound or aproblem is noticed. The knowledge of critical path
and activitiesoniit, theideaabout thetotal cost implication together withtheright degree
of delegation of power can facilitate better management of overruns. This facilitates
dynamic response expected from the project team to the externality.

Dynamic response cycle: Control encompasses all phases of the project from
conceptionto completion. It isacyclewhich beginswith setting objectives and ends only
when thelast activity has been completed. Throughout each phase of the operation, the
system must provide the management with the capacity to respond to any situation
which arises.

Thefirst element inthe cycleis preparation of the PERT chart and identification
of critical paths. At this stage, various options of priorities and restraints areidentified
and divided. These are then combined to produce arange of plans reflecting various
expenditures of time and money. These plans are summarized onthetotal project cost
curves, showing direct and indirect, and combined timeand costs. When the management
has selected one of these, the resource needs and the order of commitment will be
known. At this point, resources are allocated to project activities in order to produce a
schedule.

Oncethe management has approved aschedule, atimescalediagramis produced
which providesimmediate visua assimilation of the project at all levels of management.
Progress reports can be superimposed on the diagram at regular intervals. The actua
results are compared with the estimates. The management is, thus, equipped with specific
knowledge of the situationand isin apositionto act. The project team is aso equipped
with sufficient powersfor handling the crisis situation.

The company management should aso develop some decision normsregarding
design change. The proposalsfor changescomefromal levelsand in all types of assets.



The policy of review of changeindesign or changein core assets (plants and equipment) ~ Introduction to
can be developed with its strong linkage with the objective parameters. Review and Project Management
decision are found to be weak with regard to the proposed changes in non-core assets.

They cannot be evaluated on an objective basis. Such types of changes should be

discouraged ingeneral. Some companies makethe mistake of delegating decision powers NOTES
regarding changesin non-core assets. The purposebehind it isto ensure that the senior
management can focus on the crucial aspects of the project. But, unwanted changesin
non-core assets can cause alot of worries later.

Systems of planning, scheduling and dynamic control are the tools. M uch depends
on the managers who use them. They help in providing information on which to base
decisions. Theconcerned teamwill quickly take an alternative course of action, even at
extracost, keeping in mind the criticality of thematters, for example, in one case, asub-
team wasin charge of getting machinesfabricated and instaled at the site of the project.
This activity was on the critical path. Soon after the machine fabrication started, the
workers at the fabricator’ sfactory went on strike. Theteam was watching the fabricator
and drew conclusion that the strike may last longer, jeopardizing the delivery schedule.
They used the contract term and shifted the semi-fabricated work to other fabricators
and completed it withintime. In yet another case, some machinery wasto betransported
fromaUS port in California. Around thetime of shipment, the port was closed down due
to glitchinthe union negatiation. The strike was expected to takelong, followed by dock
congestion problem, which could delay the shipment of machinery and thewhole project.
Theproject team swung into action and diverted the machinery to another port, negotiated
with another ship-liner for immediate pick-up and transportation of the machinery and
avoided time delay though they spent some more cost. The contract termsin both the
cases were clearly defined to handle such eventualities, which made the job easier.
Thus, two issues areimportant — (i) contact termsto ded with unexpected eventsand
(i) creative alternate solutions as the dynamic response cycle, if the activity does not
have enough cushiontime.

1.5.4 Project Evaluation and Termination

Project evaluation is defined as the methodical examination of a project’s worth or
vaue. Thetechniqueisusedin projectsand programsaswell as policies. At the project
level, assessment involves practiceslike discussing a practicable evauation plan with
stekeholders; designing and planning the eval uation; gathering, classifying and scrutinizing
information and data; probing the details and dispensing the findings to determine or
comprehend the project and/or to make project-associated decisions.

Termination of a project takes place when work on the processes of the project
has cometo ahalt or decel erated to such an extent that there is no probability for further Check Your Progress

advancement. Project evaluation and termination are discussed indetail in Unit 5. 9. What is project
implementation?
10. What are the key
1.6 SUMMING UP wht o
monitoring?

¢ Project management istheart of directing and coordinating thehumanand material | |11 Why is timeliness

. . . of an action
resourcesthroughout the project by using modern management techniques. The considered o be

main purpose of project management is to achievethe predetermined objectives extremely
of scope, cost, time, quality and the satisfaction of the participant. imp_ofttant in
. : projec
e Animportant aspect of the systems approach to management is the concept of management?
‘lifecycle’. Itisthe basic pattern of the change that occursthroughout thelife of
asYStem' Self Learning
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¢ Thelifecycleof asystem congsts of thefollowing phases— Conception, definition,

acquisition/production, operation, divestment/termination.

e The advantage of using the life cycle concept in the development of a system,

project, product or technology isthat it enables decisions and actionsto be taken
insteps.

Sensitivity analysisisthe prescribed tool for identifying theimportant sources of
risk. Various statistical techniques, which measure dispersion value are employed
for quantifying the risk and then some statistically convincing rules, are applied
for decision making.

Project selection models help the project manager in selecting a project. There
aretwotypes of project selection models-numeric and non-numeric.

Project planning refersto aprocedural step in project management. During project
planning, required documentationiscreated to ensure successful prgject completion.

All actionsrequired to define, prepare, integrate and coordinate additional plans
areincluded in documentation.

Any project will typically pass through four stages. The first stage is the
conceptualization stage, followed by the planning, execution and termination or
clean-up stages.

Project executionisthe most difficult and challenging task in project management.
tinvolves several people and teamswith different skills, abilitiesand priorities,
constant coordination and adjustment in planned activities, conflict with routine
operations of business because of overlapping project organization structure and
several suchissues.

A monitoring system must be objective-oriented. The objectivity can be embedded
by initially identifying the key factorsto be monitored at various stages of project
construction. It helpsin defining exactly activities, specifications and costs that
needs to be controlled.

K ey areas of monitoring are the same as the key elements of projects. They are
(i) time, (ii) cost and (iii) performance.

Reports are studied and interpreted to find out the need for taking corrective
actions. Review meetings are essential for brainstorming on the highlights of
reports.

Control reports must be read and interpreted for corrective actions, if needed.
Thetimeliness of an action isextremely important in project management because
the decision-maker has to balance among time, cost and quality for ensuring
viability of projects.

1.7

KEY TERMS

Project Management: Project management is the art of directing and
coordinating the human and material resources throughout the project by using
modern management techniques.

e Project planning: Project planning refers to a procedura step in project

managemen.



1.8

ANSWERS TO ‘CHECK YOUR PROGRESS

1

10.
. Thetimeliness of an action isextremely important in project management because

Project management istheart of directing and coordinating the human and materia
resources throughout the project by using modern management techniques.

. Themain purpose of project management isto achieve the predetermined objectives

of scope, cost, time, quality and the satisfaction of the participant.

. The conceptua phaseinvolvesthe preliminary evauation of anidea. Thisincludes

recognition and acceptance of aproblem or aneed, analysing the requirements
and finding out the ways to fulfil the need or to solvethe problem.

. The Divestment/Termination phase s the last phase of the system.
. The advantage of using the life cycle concept in the development of a system,

project, product or technology isthat it enables decisions and actionsto be taken
insteps.

. Project planning refersto aprocedural step in project management. During project

planning, required documentationiscreated to ensure successful project completion.

. A project is said to be successful only when the requirements of the stakeholders

have been met.

. Any project will typically pass through four stages. The first stage is the

conceptualization stage, followed by the planning, execution and termination or
clean-up stages.

. Project execution or implementation involves several people and teams with

different skills, abilities and priorities, constant coordination and adjustment in
planned activities, conflict with routine operations of business because of
overlapping project organization structure and several suchissues.

Thekey areas of monitoring are— (i) Time (ii) Cost, and (iii) Performance.

the decision-maker has to balance among time, cost and quality for ensuring
viability of projects.

1.9

QUESTIONSAND EXERCISES

Short-Answver Questions

1
2.
3.

Discussthe short comings of aproject formulation.
What are the limitations of sensitivity analysis?
Writeashort note on turnkey project construction.

4. What arethe goals of project implementation?

Long-Answer Questions

1. Discussthe characteristics of project management.
2. Describethereasons behind the need of project management by most enterprises.
3. Discussthe five phasesin thelife cycle of asystem.

4. Explainthefour-step process of project planning.

5. Discussindetail the monitoring system.
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2.0

INTRODUCTION

Project analysisisthe assessment of every expense or problem related toa project, prior
to the commencement of work onit. After evaluating the profitability of a project, the

selection processis undertaken.

The decisions made during selection of a project directly affect and frame a
project’s requirements analysis. It is atrend that requirements analysis begins once a
project has been selected. Mere existence of amarket is not enough for acompany or
aproject to succeed. The company should also be ableto sell the product. Inthis unit,
different analytical methods used to evaluate a project— market and demand analysis,
technical andlysis, economic and financial analysisand socia cost and benefit andysis—

have been discussed.
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21 OBJECTIVES

After going through thisunit, you will be ableto:
e |dentify investment opportunities
e Explainproject initiation
¢ Discusstheenquiriesthat are made with respect to technical analysis
e Discusseconomic and financial andysis
e Explain socid cost and benefit analysis
o Assess how project reports areformulated

2.2 |DENTIFICATION OF INVESTMENT
OPPORTUNITIES

Theinvestment proposal, which originatesfrom various departments, is the opportunity.
Those who conceivetheideaor sense the opportunity arelikely to see only apart of the
wholeinvestment requirement. Theremay be sometechnically or economically dependent
investment requirements (opportunities) that the propasersmay not visudize. For example,
technological upgradation may requireexpensiveretraining of employees, or may require
asequential change inupstream or downstream activities.

Opportunity is usualy incomplete due to the economic dependence of one
opportunity on the other. In addition, an alternative opportunity may serve an equal or
better purpose. A firm should have amechanism where (a) opportunities arereceived,
(b) dternativesare searched, (¢) economic dependenceis studied and then (d) projects
areformed before detailed cash flows are estimated. Thesefour actions arethe essential
ingredients of efficient investment anaysis.

Two opportunities are (said to be) economically dependent, if the adoption of
oneof the opportunities affectsthe profitability or the ability to adopt the other opportunity.

Economic dependence can bein four forms:
1. Positive synergy emanating from the acceptance of two or more opportunities.
2. Negative synergy, when more than one opportunity is simultaneously accepted.

3. Acceptance of one automatically resultsinrgection of the other, eveniif the other
isprofitable.

4. Stochastic dependence, where uncertainty is considered.
Only positiveand negative synergy and mutually exclusive characteristicsare considered
for the efficient investment analysis at theinitial stage.
2.2.1 Projects and Alternative Projects
The process of grouping opportunitiesis called formation of projects. A project isaset of
oneor moreinvestment opportunitieswith the following characteristics:

e Each opportunity included in aproject isindependent of al other opportunities not
includedinthat project

o Acceptance of any opportunity included inaproject (an dternative) is conditiona
on the acceptance of the (alternative) project itself

o Every opportunity isincluded in some project



Economic dependence may be of two types in the context of time— (&) two or more
opportunities are present at the same point of time and they are economically dependent
on each other and (b) some future opportunity may be dependent on the present
opportunity. A captive power plant and a steel plant fall in the first type of economic
dependence; whereas in case of two aternative machines, one with alifespan of five
yearsand another of ten years, thefirst machine has future opportunity dependent on it.
If the machine with a five-year lifespan is purchased over the one with a ten-year
lifespan, at the end of fiveyears, one more machine will be required. Future investment
at theend of thefifth year is dependent on the option of machine selected at present. All
opportunitiesthat are dependent either immediately or inthe future should beincluded in
asingleproject. Without that, economic analysis will belessthan efficient.

L et ustakean example. Teninvestment opportunities are received and developed
by a capital expenditure committee (CEC) of XY Z Company Limited. The CEC has
studied the dependence factor and concluded that:

e O0,,0,, 0, and O,are economically dependent on each other, but independent of
all other opportunities

e O, O,and O, are economically dependent on each other, but independent of the
rest

e O, isindependent of all other projects
e O, and O, are mutudly exclusive opportunities, but independent of all others
Inthis case, the number of projects and project alternatives are asfollows:

Project | Opportunitiesincluded | Project Alternatives No. of Alternatives
No. in the Project in the Project
A Oy, O, and Og 0Oy, 0y, 03, 04, 0,0,, 0,05, 0,0,, | 16

0,03, 004, 0304, 0,003,
0,0,0,, 0,030;4, 0,050,
0,0,050,, None

B Os, O, O, Os, Og, Oy, 0505, 0507, 005, 8
0050, None

C Og Ogor None 2

D Oq, Oy Oy Oy, None 3

Total number of aternatives 29

In an efficient investment analysis, after formation of projects and identification
of aternative projects, the best aternative which offers the highest profit is selected.
Here, the second conditionis gpplied. If the O,0,0, dternativeisfound attractive, then
O,, O,and O, are all selected.

2.2.2 Sources of Project |deas

Project ideas could originate from the various sources, such as:
e Successstory of afriend/relative
o Experience of othersin manufacture/sale of product or rendering service

e Examination of the inputs, processes and outputs of industries and search for
improved process, substituteinput, and soon

e Government plan outlays, schemesand guidelines
¢ Development programmes of financial institutions and developmenta agencies

e Investigation of local resources, material and human and the ways of tapping
them
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e Economic and socia changes of the economy

¢ B2B advertisements, C2B communications, and soon
e Project profilesand industria potentia surveys

e Vigtstotradefairs, industria exhibitions

¢ Unfulfilled human needs

e Possibility of reviving and rehabilitating sick units

¢ New inventions and patents, and new technological developments and business
opportunitiesaround them

¢ Tender natifications of businesses, government departments, universities, etc.

e Liberdization, privatization and globdization policy drives by governments, asthis
means new business opportunitiesfor private sector, MNCs, etc.

Let usbriefly discuss these sources of project ideas.

e Analysis of the performance of existing industries: A study of existing
industries in terms of their profitability and capacity utilization is helpful. The
andysis of profitability and break-evenlevel of variousindustries could indicate
promising investment opportunities. An examinetion of capacity utilizetion of various
industries providesinformation about the potential for further investment. Sucha
study becomes more useful if it is done region-wise, particularly for products
which have high transportation costs.

e Examination of theinputs, process and outputsof industries: Ananaysis
of the inputs required for various industries may throw up project ideas.
Opportunitiesexist when (i) materiads and supplies are presently being procured
from different sources with attendant time lag and transportation costs and (ii)
severa firmsproduceinternally some components/parts which can be supplied at
alower cost by a single manufacturer who can enjoy economies of scale. A study
of the output structure of existing industries may reveal opportunities for further
processing of output or even processing of waste. A study of the processesfollowed
may reveal opportunitiesfor improving the process, withtime and cost advantages.

e Examination of volume, value and direction of imports and exports: An
analysis of import statistics for a period of five to seven years is helpful in
understanding the trend of imports of various goods and the potential for import
substitution. Indigenous manufacturing of goods currently imported is advantageous
for several reasons:

0 Itimprovesthe balance of payments situation.
0 Itprovidesmarket for supporting industries and services.
0 Itgenerates employment.

Likewise, an examination of export statisticsisuseful inlearning about the export
possibilities of various productsin various countries.

¢ Plan outlays and government guidelines: The government plays a very
important rolein many economies. Government’s proposed outlaysin different
sectors provide useful pointerstoward investment opportunities. For instance, the
schemesof distribution of free colour TV's, gas stoves, dhoties and sarees, bicycles,
books, etc. are providing new opportunities for businesses. They indicate the
potential demand for goods and servicerequired by different sectors.

e Developmental schemes of financial institutions and developmental
agencies: Inabid to promote development of industriesinthelr respective states,
state financial corporations, stateindustrial development corporations and other



developmental bodies conduct studies, prepare feasibility reports and offer Project Analysis
suggestionsto potential entrepreneurs. The developmental schemes suggested and Selection
by them lead to new project ideas.

I nvestigation of local resour ces (material and human): A searchfor project
ideas may beginwith aninvestigation into local resources and skills, variousways
of adding valuetothelocaly available materids. Similarly, theskillsof loca artisans
may suggest products that may be profitably produced and marketed.

NOTES

Analysis of economic and social changes: A study of economic and social
changesishelpful in projecting demand for various goods and services, identifying
shiftsin demand for goods and services, and so on. Changing economic conditions
provide new business opportunities. A great awareness of the value of timeis
dawning onthe public. Hence, the demand for time saving productslike packaged
food items, ovens and powered vehicles has been increasing. Another change
that wearewitnessing isthat the desirefor leisure and recreational activitieshas
beenincreasing. This has caused agrowth inthe market for recreationa products,
fitness products and services.

Exploration of the possibility of reviving and rehabilitating sick units:
Industrial sickness does happen in developed and devel oping countries. Sick units
areeither closed or face the prospect of closure. A significant proportion of sick
units, however, can be nursed back to health by sound management, infusion of
further capital and provision of complementary inputs. Hence, thereis afairly
good scopefor investment inthisarea. Such investmentstypically have ashorter
gestation period because one does not have to begin from scratch. Indeed, in
many cases, marginal effortswould sufficeto revive such units.

I dentification of unfulfilled human needs: For well established, multi-brand
product groups like bathing soaps, detergents, cosmetics and tooth pastes, the
guestion to be asked is not whether there is an opportunity to manufacture
something to satisfy an actual physical need but whether there are certain
psychologica needs of consumers which are presently unfulfilled. Tofind whether
such an opportunity exists, the technique of spectrum analysis may be followed.
Thisanalysisis donesomewhat asfollows.

o0 Important factorsinfluencing brand choice areidentified

0 Gapswhichexistinreationto consumer psychologica needs areidentified

Vidgt totradefairs. Attending the nationdl and international tradefairs/exhibitions/
conventions/conferences provides an excellent opportunity to know about new
products/services and their development.

B2B advertisements, C2B communications, Yellow page ads, and so on:
B2B advertisements, C2B communications, and soongiveout businesssalicitations,
joint venture opportunities and the like. Trade journalsand business dailies also
provide business solicitations.

Government agencies, credit institutions, non-governmental
organizations, village panchayatsand public: Project ideas may be generated
by the government agencies, credit institutions, non-governmenta organizations
and dso by public. Thegovernment hasthelargest resources and has the necessary
information to generate project ideasand it playsapredominant roleinthis sphere.
The government has the required facilities and manpower to conduct detailed
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studieswhich may lead to making investment decisions. Banksand other financia
ingtitutions are actively involved in sharing the social responsibility of achieving
the national objectives of economic development. The cooperatives and non-
governmental organizations as well as individual entrepreneurs now actively
participateinidentification of projects. The awareness of involving the people or
the beneficiariesin project identification is now increasing fast. Since thelocal
people havethefirst hand knowledge of the potentials and problems of the area
to which they belong, more realistic project identification has become possible
with their involvement. It needs no emphasis that the project ideas would be
generated in better manner both in the qualitative as well as quantitative terms
when the knowledge and ideas of the government functionaries, people, financial
institutions and other experts are pooled together.

2.3 PROJECT INITIATION

The purposeof project initiation isto evaluate proposed projectsand to reach aconsensus
on the projects that are to be selected. During project initiation, the project charter is
presented, the strength of a project’s business case and the viability of the proposed
solution are evaluated. A determination is made asto whether the project is consistent
with the ingtitution’s business and/or strategic plan, and if the budget of the project
planning (high level) isaffordable.

Inproject initiation, al the necessary analysisis undertaken to allow the project to
be planned. It usually involves aconsiderable amount of work, and expenditure. Project
initiation is considered to be a stage in its own right i.e., it should be formally given
approval to go ahead and should be planned and budgeted for as a phase of the project.

Project Initiation Document (PID) is the single most important piece of
documentation that is produced at this stage, and probably during the course of the entire
project. The Project Initiation Document starts with the business Case, if it exists, and
capitalizeson it using the information and analysis data produced during theinitiation
activities.

A Project Initiation Document (PID) should include:

¢ Detailed project goas and objectives and the critical successfactorsonthebasis
of which the achievement of the objectives will be judged.

¢ Details of the scope of the project in relation to the organi zation, functional areas
and timeasweéll as astatement about any related areasthat are considered to be
out of scope.

e Details of identified risks and any constraints affecting the project.

e Details of any kind of assumptions made about the project. These assumptions
might be based on the support you will receive from other parts of theinstitution
or, if you are working with athird party supplier, assumptions about what the
supplier will deliver.

The project initiation document is the * contract’ for the project (between the project
manager and the project board.) It sets out:

e What does the project aim to achieve?
e Why itisimportant to achieveit?



o Who will beinvolved in managing the process and what are their responsibilities? Projeé:tslenitysis
an 1on
e How and when will the project be undertaken?

The PID hasto answer the above questionsto asufficient level of detail to help maintain
control of the project. NOTES

24 MARKET AND DEMAND ANALYS'S

Market analysis aims at assessing the potential sales revenue from aproposed project.
It isalso known as market-feasibility study.

Approach for conducting amarket-feasibility study would vary depending on the type of
proposed product. For instance:

e |n case of anovel product idea, a market-feasibility check has to be based on
indicators of buyer behaviour (in terms of their responseto ‘new’ or ‘dream’
products) for estimating potential demand.

e |f aproposed product is new inan economy, but is successfully marketed in some
other economy, itsmarket feasibility isassessed through ameaningful comparison
of some broad economic and cultura indicatorsin thetwo economies.

¢ Per-capitaincome, income disparity level, pattern-indicating shift in choice for
consumption, literacy level and such other economic factors can indicate the
potential of demand for aparticular proposed product.

o |f the proposed project isfor addition in the capacity existing in the economy, the
task of market-feasibility study will behistorica dataanalysisand study of factors,
whichinfluence consumption trends. Thefollowing discussionis centred around
amarket-feasibility study for that product whichis already selling in the market.

2.4.1 General Economic Indicators

The demand potential of any product is likely to have some kind of association with
some economic indicators. Changes in demand and changes in a particular or some
economic indicators may take place simultaneously or with lead or lag. Some of the
important economic indicatorsinclude grossdomestic product, per capitaincome, income
disparity, rate of urbanization, populationgrowthrate, literacy rate, government spending,
money supply and others.

Situational Analyss

Situational analysisis, especially, important if the project proposal is for enhancing the
capacity. It isimportant wherethe project proposal involves production and sale of new
products and services—new for the company but not new inthe market.

Thesituationd andysisframework is primarily designed for preparing marketing
plan. It can adso be used asa part of market analysisin project planning. M ere existence
of amarket is not enough for acompany or aproject to succeed. The company should 3. What isthe
also beableto sell the product. Situational analysis studies someinternal factorsinthe purpose of project

Check Your Progress

initiation?
light of some external factors with aview to judge whether the company can sell the 4. Which questions
product in the market. The factors studied in situational analysis are called five Cs. does the project
These factors and asample of items studied in each of them are as follows: Initiation

document answer?
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1. Company: The assessment of a company can be done with an opinion-based

evaluation of thefollowing factors:

Number of products

Market perception of the company

Company’sstrategic plansand goals
Company’scultureand values

Company’s current technology and technology gap, if any
Overall financia position

No one else would know the company better than the internal management.
However, afrank review isrequired. If oneisin amode of denial and attemptsto
justify everything, heismorelikely to ignore the mistakes.

. Collaborators(or partners): A company’s collaboratorsinclude:

e Major customers

e Digributors

e Mgjor suppliers

¢ Joint ventures, management agreements and other alliances, if any
A lot of thisinformation can be obtained without much difficulty from published or
paid sources.

. Customers: This is about the potential markets for the product that will be

produced as apart of the project.

e Sizeof the market along with segments

Expected rate of growth of the market

Current demand-supply gap

Potential customers’ expected behaviour and factors affecting their choice of
product

The decision-maker and the decision unit

The current market of the product

M ethod of product purchase (impulse buys, the Internet, etc.)
Trendsinconsumer tastes

Company’sdistributors

Industry dataisavailablefor existing products. For new products, one may need
to conduct asurvey and sometimes, test marketing. A lot depends onjudgement
too. For aforeign market, acountry report can be used.

. Competitors. Know your rivals:

e Whoareyour actual and potential competitors?

e What aretheir products, positioning, market shares, strengths, weaknesses
and marketing strategies?

e Who competesindirectly with you, because they produce competing products?

e |sthequality of competition, healthy or unhealthy?

Those who keep their eyes open know their competitors well. One can hire a
consulting firmtoo to get abalanced view of the competitive scenario.

. Climate (or environment): Economicenvironments, political scenario, regulatory

system, all have effect on markets:

e What is the political environment like? Who is in the government? Is the
government and its policies stable? How does the bureaucracy work?

e What aretheregulations and their implementations?

e What arethe macroeconomic factors (like business cycle, inflation, interest
rate) and which are likely to affect the market?



e What are the social and cultural trends? (This may go with the ‘ customer’ Project Analysis
factor also.) and Selection
e What isthetechnological environment?
By combining analyses of customers, competitorsand climatewith thecompany’s
strengths and callaborators, afirm canidentify market opportunitiesand can prepare
workable marketing strategiesto includethemin the marketing plan.

2.4.2 Demand and Supply Estimate

NOTES

Demand projection isone of the most important stepsin aproject feasibility study. The
following aretheimportant points related to demand estimation:

¢ A product may have different usages and different end-users. Thetotal demand
of a product is constituted by different end-users like government and non-
government or urban and rurd. For example, demand for cement can be divided
into some broad categories, namely housing, business and rehabilitation activities
and infrastructure projects. In case of plastic, a whole market of packaging is
wide open with newer applications, which may affect and in fact, has affected
thetinplate-packaging industry.

¢ Product demand may have influencing factors as well. The demand of some
products may be direct, while for some others it may be derived. For example,
demand of tyre depends upon the sae of automobiles, afertilizer saleisdependent
on monsoon and sales of steel and industrial growth have some association.

e The market potential of a product in different segments may be different for
several reasons because there may be regional imbalances. For example, India
has alarge demand for electric power but duetoinadequateinfrastructure for its
distribution, some states are power-surplus, whereas some others have power
shortage. Internationd relations, import and export barriersin respective countries
and such other factors also affect demand.

e Infrastructureimpacts market. For example, Indian cement’s exportability isless
dueto high cost of transportation.

e Growthindemand in the past can beindicative of the future demand.
Supply estimate

The past trend of supply of goods can be studied and further extrapolated. Projections
so made need to be adjusted with the help of additional information like new projects
planned by businesses in the economy, import possibility as governed by import policy,
import tariff and internationa prices. Information regarding entry barrier is also useful.
L ong gestation period and high capital to labour ratioin anindustry may create natural
entry barriers. Government licensing policy, non-availability of the required input like
material and skilled labour also create entry barriers.

Estimating Demand—Supply Gap

Demand and supply estimates, fine-tuned with the changing factors, are now compared
with each other for finding a gap. A demand—supply gap for arelevant geographical
territory only ismeaningful. M ultiple-point forecast for demand—supply gap givesthe
most adverse, most likely and most favourableforecasts. Table 2.1 shows cal culation of
demand—supply gap for aparticular product inthe next five years.
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Table 2.1 Demand—Supply Gap Calculation for Five Years

Year Cement Demand Cement Supply Demand Surplus
Min. | Likely | Max. | Likely | Max. Min. | Likely | Max.
1 48.00 | 48.00 | 48.00 | 48.00 | 48.00 0.00| 0.00 0.00
2 4944 | 5040 | 51.36 | 50.70 | 50.70 -1.26| -0.30 0.66
3 51.66 | 5393 | 5650 | 53.38 | 6324 | -11.58| 0.55 3.12
4 5476 | 5878 | 6384 | 61.03 | 6546 | —-10.70 | -2.25 281
5 5860 | 6525 | 7469 | 62.45 | 53.38 5.22 280 | 12.24

Demand Surplus: Minimum = Min demand —Max supply
Likely = Likely demand — Likely supply
Maximum = Max demand — Likely supply
Note: All the confirmed capacity additions constitute ‘likely supply scenario’, while
“maximum supply scenario’ assumes another capacity addition in the third year to
the fifth year. It is assumed that firms will be able to operate at 80 per cent
capacity.

In case supply shortageis sufficiently large, the market feasibility of the product
issaidto bepositive.

SWOT Analysis

Strategic plans, budgets and operating plans must be backed up by an analysis of the
situation. An element of situational analysis makes plans realistic and achievable. A
generic model of situational analysisis popularly knownas SWOT anaysis, where

S = Strength; W = Weakness; O = Opportunities; T = Threats
Strength and weaknesses pertainto factorsinternal to the business. The externa
environment offers opportunities or poses threats. A careful and balanced study of

opportunities, threats, strengths and weaknesses help the process of efficient resource
alocation.

SWOT is neither atool nor technique. It is an approach. Therefore, a SWOT
analysis could be based on certain perceptions. Thefollowing statements will serveto
create abetter understanding of aSWOT analysis:

e SWOT isaperception.
¢ Anapparent weakness of the firm may actually be aresult of some strength. For
example, better quality also means higher costs.

¢ External or internal threats need not endanger chances of survival and growth.
Co-survival with threatening factors is possible. It is not always necessary to
fight athreat.

o Everyone possesses certain weaknesses. All weaknesses need not be removed.
One hasto learnto live with many of them.

¢ Remove selected weaknessesif they arelikely to become an obstacleto survival
and growth and simultaneoudly build strengths.

¢ Oppose and vanquish threatening factorsif they arelikely to obstruct growth.

e |dentify those opportunities which can be tapped with the firm'’s strengths, and
channelisethe strengthsin that direction.

A good understanding of the situation would be helpful in planning aviable fit
between the firm’s resources and changing opportunities. These firms stand a better
chance of forming the winning habit.



2.4.3 Demand Forecasting Techniques

A key aspect of any decision-making situation lies in being able to predict the
circumstances that surround the decision and that situation. Business managers are
expected to know and apply forecasting techniques intheir decision-making process.

Two classes of demand forecasting techniques are:

o Quantitativetechniquesfind solution directly based on historical dataand assume
that the past trend and relationship will continuein the future.

¢ Quadlitative techniques aim at forecasting changes in a basic pattern such as
forecasting an expected decline in the demand of a product that has touched
maturity point.

1. Pattern-based Forecast

Where one or few independent factors may not have explanatory power for demand,
just the pattern of demand over time can be studied for forecasting purposes. Therefore,
patterns areobserved over atimeline. For that, let usfirst see various patterns of historical
data.

Typesof pattern

Patterns can be divided into four groups:
o A seasonal patternis observed due to the seasons of ayear.
¢ A horizonta patternindicates product maturity.

e There are four stages in a cyclical pattern — recession, recovery, growth and
decline.

¢ A growth pattern meansacyclical pattern with along-term increasing trend.

Figures 2.1(a) to 2.1(d) give apictoria presentation of these patterns. For aproject’s
market analysis purpose, one should look a theannual demand datapertainingtoat least
the last two or three business cycles, and then study the pattern. The pattern is then
extrapolated to make projections of demand for the future. The extrapolated datamust
be then adjusted with the phase of the next business cycle and changesin factors (like
income, saving rate and, changing taste) affecting the demand. Seasond adjustment is
required for periodic budgets and not for the project’s market analysis.

e} ©
& 5
[a] (a]
Time Time
Fig. 2.1(a) Horizontal Pattern Fig. 2.1(b) Seasonal Pattern
g g
Time Time
Fig. 2.1(c) Cyclical Pattern Fig. 2.1(d) Growth Pattern

Project Analysis
and Selection

NOTES

Self Learning

Material

63



Project Analysis
and Selection

64

NOTES

Self Learning
Material

M ethods of pattern-based forecasting

¢ A simple arithmetic mean of the historical data can be taken as forecast for the
next period, if ahorizontal datapatternis observed. However, it hasto beensured
that the relevant data period does not represent the end of product maturity.

¢ The naive method of forecasting uses the most recently observed value as a
forecast. Thismethod can be used for forecasting the salesin the next one week.

e The moving aver age method reduces the randomness in variables because the
average of the last few observationsis considered the forecast value.

e In the exponential smoothing method, exponentially decreasing weights are
assigned to various observations so that the most recent values receive more
weight than older values. (M oving average method assumes equal weights for
each value).

e Intheauto-regressivemoving aver age (ARMA) method along with past values
and their weights, the past error in forecast (deviation of actud fromforecast) is
also weighed. The procedure devel oped by Box and Jenkinsis most commonly
used inthis class of methods. Filtering method alsofallsinthe sameclass.

e Regression is aso useful intime series analysis. For thetime seriesanalysis, a
simpleregression isnormally used, either linear or non-linear. For studying the
pattern underlying the observations (past demand), aregression chart isprepared
to plot observations on Y-axis against the timeline (years) onthe X-axis. Then, a
best-fit line (known as regression line or slope) isdrawn in such away that the
distances of data points on both sides of the best-fit line are approximately equd.
The regression equation that onewould obtainwould be asfollows:

Y = a+ bx ..(2.D

Where, Y =What we need to forecast

a =Regression coefficient or aconstant value

b = Slope of the best-fit (regression) line or regression coefficient of x

x =Valueof independent variable, whichistime (year) inthis case
Then, the Y-vaueis predicted on the best-fit linefor agiven X-vaue (year). Thedistance
of actual data points from best-fit lineindicateserror.
2. Causal M odel-based Forecast
Forecasting methods can be aptly applied if all factors influencing the demand remain
constant during the forecast period. Some of these methods are as follows:
Regression
Regression techniques are more useful when one studies adependant variable (demand)
inassociationwithits causal (independent) variable. If wetake onex-variableand runa
linear regression, theregressionfunctionwill look likethe onegivenin Equation2.1. The
only difference will bethat the x-variablewill not betime (year) but any other variable.

For example, onecantakeper capitaincomeas x-variableif it isthought to be determining
the demand for cars.

Non-linear regression analysis can be doneif it is observed that the association
between x and y variablesis not linear. The purposeisto draw abest-fit linethat really



fitsbest, whether that lineislinear or not. Innon-linear regression, wewould get different Project Analysis
types of regression equations, depending uponwhat type of non-linear lines are drawn: and Selection
for example, asecond-order polynomial regression would givethefollowing equation:

y=Dbx*+b,x+a - (2.2) NOTES
Where, y =What we need to forecast (demand)
a = Regression coefficient or aconstant value
b, =Regression coefficient of x*
b, =Regression coefficient of x
x =Vaueof independent variable, whichisacausd variable

Multiple Regression is used when thereismorethan one causd variable that determines
thevalue of y. Theresults of multiple regressionwould bein theform of thefollowing
equation:

y=b+bx +b,x, +b,x; +...+b X, .. (2.3)

Here, bisaconstantand b, b,, b, ... b, aretheregression coefficients of independent

variables x;, X,, X;. . . X respectively.

Sometimes, it may not be possibleto pinpoint that oneisadependent variableand
the other independent, though they may have some observablerelations. In such cases,
it issaid that the two variables are correlated.

Coefficient of correlation

The correlation coefficient (or coefficient of correlation or just correlation) isacalculated
number, whichindicates the degreeto which two sets of numbers arestatisticaly related.

Coefficient of correlationisthe squareroot of the explained variation from'Y over
thetotal variation. This can be mathematically written asfollows:
Cov(r r )

—\xy/
Py .0, ..(2.9)

Here,

Cov(r,,ry) = an(y,—v) ..(2.5)
i1

Here, Expected value of x

Expected value of y
Standard deviation of x
Standard deviation of y

Therangeof valuesit takesisbetween—1 and +1. A negetivevalueof p indicates
aninverserelationship; apositivevalueof p, indicatesadirect relationship; azerovalue
of p,, indicates that the two variables are independent of each other. The p, closer to
+1 and -1 indicates astronger relationship between thetwo variables, for example, we
may expect anegative relationship between the demand for a product and its selling
price because the higher the selling prices, thelower thedemand.
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Decomposition method

The decomposition method attemptsto explain the pattern or the change init with some
factorsresponsiblefor the change. Decomposition is mathematically represented as,

S=TxCxIxR ...(2.6)
Here, S =Forecastvalue
T =Trend factor
C =Cyclical factor
| = Seasondl factor

R =Randomness
I nput-output tables

Input-output tables havetheir own placesin forecasting. Thesetables use coefficients
that are assumed to remain congtant, for example, savingsrate and GNP growth relations
areused in planned economiesfor preparing their annual plans. Such tables can be used
for projections of demand of certain products.

25 TECHNICAL ANALYSS

If there is ample market demand and not enough supply, the focus should shift to
technology. Thefollowing inquiries must be made with respect to technical andysis.

e Availability of Technology

A task force will search for acommercially exploitable technology for the operations
required for running the project. One must aso look at of the technologies currently
being used by businesses and study their experiences.

Usually, in acheap labour economy, less than the latest technology works fine
from the labour-to-capital ratio angle. However, the choice hasto depend on the effects
of technology on the desired quality of product and cost of product, versusinvestment
needed in agiven technology.

e Transferability

The technology transfer issue has to be addressed in a dual fashion—(a) Whether the
transfer of technology is possible from the poalitical angle and (b) whether transfer of
technology is possible from the operations (environment) angle.

Intoday’ sWorld Trade Organization’s regime, normally one cannot expect import
restrictions (unless there is no political relationship between the two countries), but
economic sanctionsfrom the exporting nationsare quite possible, making it impossibleto
transfer technology from one country to another. Sometimes, the technology owners
may not bewilling to transfer thetechnology.

Technology isusually very sensitive to the environment or climateinwhichitis
used. The success of technology transfer depends on the temperature level, moisture
level, quality of atmosphere, quality of material, method of work and skill of labour,
power supply quality and ahost of other variables, which may be unique for each user.
Thus, adjustments and modifications in a technology may be warranted. Those



modifications add to the project cost and sometimes, afew of the modifications may not Prgjneé:t S/;”sgzﬁ
befeasibleat al.
¢ Normal Capacity Utilization

Every technology hasits own capacity and rate of normal utilization. Inaddition, arated NOTES
capacity is usualy not available fully, depending upon the environment inwhich it is
used. Capacity utilization has a direct impact on available production and cost of
production. Therefore, an inquiry about a potentia ‘normal’ capacity utilization of a
given capacity assumes great importance.

¢ Requirement of Plant and Equipment and Fabrication Facilities

Technology comes with knowledge. However, machines for operations have to be
fabricated separately. Thefollowing questions are essential :

e What typeof plant, machines and equipment would be required for the operations?
¢ Are there machine fabricators who can make the required machines as per
specifications?
¢ Canthefabricated machines betransported easily from the fabrication site to the
project site?
¢ Can the required sequencing of processes, synchronization of machines and
balancing of machinesbe attained?
e Production Process Needed
Efficiency of technology depends on process design. Thefollowing questionswould be
appropriate:
o What type of process designwill berequired?
e Canwe build those processes in adesired sequence?

¢ Arethereany sitelimitations (in termsof size and existing design of building, etc.)
and can therequired processes be arranged with or without modifications?

¢ Whether the company currently has one or more of the processes required inthe
new technology and if yes, can we use the same with expanded capacity?

e Possible Product Mix

A project may involve production of goodsand servicesin aparticular rangeand therefore,
thetechnology and processes should be ableto produce them in an appropriate mix.

e Possible Alternate Usage

A technology that has an alternate use is better because if the company is not able to
achieve its sales target, it can aways change the product and establish in a different
market. For example, acompany engaged in the business of manufacturing glass-lining
equipment for chemical industry can use severd of its processes to manufacture concrete-
mixing machines.

o Flexibility

Thetastes of the customers changefast and therate of changeisbecoming faster every
day. If the product from the new project is closer to the consumer and has very little

room for aternative use, thenthe processes must beflexible, sothat the firm can adapt
to changes quickly. Thus, if the market analysisindicates shorter lifespan of demand of
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the current product and a potential change is envisaged, then one has to look for the
technology, processes and machines that can easily adapt to the changes, for example,
inthe world-recessionary situation of the year 2008, Nissan M otors shifted itssizegble
operationsto Japan, because their plant in Japanis capable of producing sixty different
models of passenger cars.

e Rate of Change

It is important to know and estimate the rate of change in technology. For example,
information technology changesfast, requiring firmsto buy latest technologies asfar as
possible.

e Waste Disposal Problems

Waste disposal isalegal aswell asamord issue. Sometechnologies have the problem
of waste disposal and may prove costly, for example, nuclear power plants.

e Resource Availability

Can we have access to the required quality of resources needed by the selected
technology?For example, acold-roll mill (CRM) technology inthe steel industry requires
high-quality coa withlow moisture content and high carbon content. L ong-term access
to coal minesthat have largereserves of coal at different levels of depthis essential. A
task force may even consider visiting shortlisted coa mines, take samplesfrom different
depthsand conduct lab teststo determine suitability of the coal for the technology being
considered.

e Risk Implications

Every technology hasits own consequentia fixed and variable costs during operations.
A technology that ensuesin high fixed cost but low variable cost creates ahigher degree
of operating leverage. A higher degree of operating leveragewould enlarge the effect of
changein sales revenue on operating profits. High degree of operating leverageis still
good if demand isincreasing becauseincreasein sales revenue will increase operating
profit faster but if sales revenue declines, then operating profit will decline faster.
Therefore, if thereisany uncertainty about the sales revenuetrend, then one must select
atechnology that has alow fixed cost evenif its variable cost may be high.

One must study the technology in such a way that simultaneous commercial
explaitability of atechnology, inthe environment that can be created inthe company, can
beevaluated.

e Identifying Critical Success Factors

Success of aproject depends on the actual outcome of somekey variables caled critical
success factors. Inaccuracy and uncertainty surrounding these factors may render the
project unattractive. Each industry hasits own critical success factorsidentified from
the experience of businesses. For example, in case of acement project, availability of
limestone, availability of wagons, freight charges, supply of power and supply of coa are
thekey successfactors, asthey generally constitute 65 per cent of the variable cost and
40 per cent of realization. Critical successfactors are product and region specific. Risk
isstudiedinthelight of possiblevariationsinthe critical successfactors.

2.5.1 Selection of Site of a Project

Site seectioninvolves measuring the needs of anew project against the merits of potentia
locations. The site selection process includes a detailed evaluation of project needs



which are then measured against the merits of potentia locations. The processtypically Project Analysis
includes sdecting and eval uating communities, real estate siteanalysisand acquisition, and Selection
and may include negotiating tax incentives.

According to the U.S. General ServicesAdministration, site selection considerations
should begin early in the capital development process and play asignificant rolein pre-
planning discussions. The processincludesthefollowing steps:

NOTES

¢ Defineproject criteria

¢ Evaluate communities

¢ Createshort list of communities based upon project criteria

o |dentify redl estate siteswithin each finalist community

¢ Redl estate analysis

¢ Negotiatetax incentives

e Siteacquisition
Detailed site selection typically requires nine monthsfor federal projects and four to six
monthsfor private sector projects. The National Environmental ProtectionAct may extend

the site selection timeline for federal agencies, depending on theleve of environmental
analysisrequired.

2.6 ECONOMICAND FINANCIAL ANALYSS

Beforeany financial analysisiscarried out, four basic decisionsmust bein place. These
basic decisionsare briefly explained asfollows:

1. Period of analysis

o Usually, the period of forecast isametter of the company’s policy based
onthe considerationsof factorslike product lifecycle, businesscycle,
rate of changeintechnology, and taste, managerial ability to foreseeinthe
future and database available to support the forecast.

e Information technology projectstypically can be planned for about three
years dueto thetechnological development rate, short product life cycle
and uncertainty caused by low entry barrier.

¢ Project report for the purpose of loanswill be prepared for the period of
theloan. Thislimitsthelifeof aforecadt.

¢ Time-value based evaluationtechniques are sendgtive to the cut-off rate
and length of time and their results become lessrelevant for decision-
making with theincreasing span of timein analysis, especially when the
cut-off rateishigh. One can give athumb rulethat for acut-off rate of

Check Your Progress

7. The success of

. . P technology
around 15 per cent, about a 10-year analysiswill befineif time-value- transfer depends on
based techniquesare used. certain factors.

.. . . . L. Which are these
e |f thelengthof analysisislessthan the approximate project life, thenit is factors?

appropriate to forecast the resale value of all assets at the end of the 8. Why is it better to

terminal period and incorporate the terminal valuein thelast year's cash fghm :gy hat
flow for the project. has an alternative
2. Atthestage of financing mix and cost, the firm might not have raised capitd for il
financing the project. The financing mix decision has three purposes:
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(1) Investigating the effect of new project financing on the company’s capital
structure. Sometimes, a capital-intensive project may not be feasible if it
may result into avery high debt as the only possible way of financing the
project.

(i) Approximating the cost of each type of new funds that will be raised for
financing the new project.

(i) Approximating theweighted average cost of capital, which canbeusedin
deriving the cut-off rate required for accepting the new project.

3. Cut-off criterion

¢ The cut-off decision is a benchmark against which the project cash flow
stream iscompared to determinewhether the project would attainitsfinancial
god.

e A cut-off rateis sometimes called ago-no-go criterion, hurdlerate or required
rate of return.

o |f time-value-based eva uation techniques are used, the cut-off ratewill be
determined on the basis of cost of capital.

e For other techniqueswheretime value concept is not used, the appropriate
cut-off must be decided.

e Thereisageneral belief that one hasto use the cost of capita asthe cut-off
point whentime-value-based techniques are used. However inthefollowing
situations, acut-off rate must be determined separately:

o If thenew project islikely to changetherisk profile of the company,
the cut-off rate will be different from the cost of capital.

0 Inmost cases, afirm undertakes more than one project and makes a
financial plan for agroup of projects. Therisk associated with each
project inthe group will be different, warranting different cut-off rates
for different types of projects.

e Anideal cut-off rate can be calculated in many alternative ways such as

0 Adding risk premiumintherisk-freerate of return. Therisk-freerate
isusually drawn from treasury bonds. Theamount of risk premiumis
decided on the basis of changeintherisk profile of the businessasa
result of accepting the new project.

0 Using the capital asset pricing model (CAPM). The CAPM isonly
rhetorically appropriate in determining the rate of expected returns
fromaproject.

0 Cdculating arisk-adjusted rate of return. By adding/subtracting the
differential risk from the weighted average cost of capital.

4. There are many techniques for the evaluation of investment proposals. Some
focus on capitd recovery, some measure profitability and sometakeinto account
the time value of money. For instance:

o A project for establishing anew market territory may be evaluated on the
basis of accounting rate of return but replacement of machinesonthebasis
of net present value.

o Anappropriateevauationtechniqueisonethat may bejustifiably applied to
agiveninvestment proposd for theattainment of financial and non-financia
goalswithinthe constraintsinwhich the firm operates.



2.6.1 Cost of Capital and Cut-off Decision

We need to determine cut-off ratefor the financia evaluation of aproject. Oneimportant
method of determining the cut-off rateisbased on the weighted average cost of capital,
which in turn needs cost of debt and cost of equity. In this section, we will get some
familiarity with calculating the cost of debt, cost of equity and weighted average cost of
capital beforewe proceed to have alook at the methods for determining the cut-off rate.

Cost of Debt

Debt already obtained by afirm has a defined and contracted cash flow commitment
against the exact amount that the firm received. Therefore, the cost of debt can be
easily calculated following the steps given hereafter:

Sep A: Know the policiesrelated to the treatment of upfront costs

Raising funds costs money inthe beginning. Thisis called floatation or up front
cost. Depending on the size of theissue and issuer’s market image, the issue of
bonds may cost seven to eight per cent. Bank |oan also has some upfront costs.
Firms adopt one of the following two alternative policies:
e Include the upfront cost as the cash outflow in the project cash flow, or
e Include the upfront cost as the cash outflow inthe calculation of the cash
flow associated with the debt.

Conceptudly, upfront cost isthefinancing cost and therefore, must not beincluded
inthe project cash flow but must be treated as the debt cash flow.

Step B: Know themarginal tax rate

There may be situations where the income tax rate may be progressive. A
progressiverate meansalower ratefor lower incomeand higher rate for additiona
income. In India, personal income tax rate followsthe progressive rate concept
but corporate tax rateisflat.

If progressive rateisfollowed, then one hasto estimatetaxableincomein different
years and the marginal incometax rate applicable for that margina incomeinthe
respective year must be selected for tax adjustment in the calculation of cost of
debt.

Sep C: Preparethe debt cash flow stream

Using the terms and conditions of debt (issue price, coupon rate, frequency of
payment of interest, maturity period and maturity amount) we can prepare the
cash flow stream during thelife of the debt. Do not forget to factor the tax at this
stage and obtain the debt cash flow after tax.

Step D: Find therate

Thisis just amathematical process to find the rate at which the present value
(discounted value) of the cash outflow stream isequal totheinitial cashinflow.
Thisrateisthe cost of debt. The equation can be written as follows:

g . CR  CFR _ CR ,_CF,
° @+R} @+RP @+RrRP T (1+R)" -~ (27)
Where, CF, = Initid cashinflow

CF, through CF, = Cash outflow on debt servicing from year 1 to year n, n
being thelast year.
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R = Rate at which the present value of all cash outflows is
equa totheinitia cashinflow received at thetimeof raising

thedebt
or,
5 CF
CFy =PV, =) ——
0 Rt t:zl (1+ R)t (28)
where, PV,, = present value at the rate R for the cash flow of
period t

CF, = cashflow inyear t

t

Solvefor Rto get the cost of debt. Solving for R meansfinding the internal rate of
return (IRR) for a given cash flow stream.

If tax is not factored at thetime of preparing the debt cash flow stream, you get
K, Whichisin pre-tax terms. One needs to adjust it with tax to get post-tax K.
Theformulafor such adjustment is:

Ky = Rx(1-t) ..(2.9)
where, t=taxrate
Let usrepedt; it is appropriate to take after-tax debt cash flow in step C; rather
than adjusting tax-using equation 2.7.

Sep E: Find annual rateif interest is paid more than once a year

It is a common practice to pay interest (coupon) rate on bonds and other debt
instruments morefrequently than once ayear. Inthat case, debt cash flow in step
Cwill bethe periodic cashflow (if couponis paid semi-annually, cash flow will be
semi-annual and if coupon is paid quarterly, then cash flow will be quarterly).
Therefore, the rate we get in step D will be the periodic rate (semi-annual or
quarterly or monthly). Inthis case, periodic ratein converted into the annual rate

(called annual percentage yield or APY). APY is calculated from the periodic
rate using thefollowing formula

APY =K, =(1+R) -1 . (2.10)

Where, APY =Annual percentageyield, whichisK  here
R =Ratefoundinstep c, whichisaperiodicrate for
interest payment more than once a year

i =Number of timesinterest ispaid in ayear
Cost of equity (K )

It is most difficult to calculate the cost of equity because the cash flow obligation
associated with theequity is unknown as servicing of equity is not acontractual liability.
Payment of dividends to equity shareholders is determined by the distributable profit
earned by thefirmsaswaell asthe amount retained for financing the growth requirement.
Still, we need to estimate equity shares-related cash flow or itssurrogatesfor theclaculation
of the cost of equity.

2.6.2 Cut-off Rate (Required Rate of Return) Decision

The different methods prescribed for the determination of the cut-off rate are described
asfollows:



1. Opportunity cost

The required rate of return should be at least equal to the returns from the foregone
opportunity (opportunity cost). Thisistheoretically the best cut-off rate. Itistheoretical
becausein most situations, the opportunity isforegoneand itsreturnsare not ascertainable.
Inaddition, the opportunity cost approach does not consider the presence of risk premium
inthediscount rate of the opportunities.

2. Cut-off rateor required rateof return (RRR) or risk-adjusted discount rate
(RADR)

Risk adjustment isthereal issuein determination of cut-off ratefor projects. Whenthe
discount rateis calculated after the adjustment for risk, it is called risk-adjusted discount
rate, popularly known asRADR. A smplistic formulafor RADR will be:

RRR = RADR= R + Rp . (2.1)
Where, R =risk-freerate

f
R = risk premium
Four different methods described for the RADR calculation areasfollows:
(i) Intuitiveapproach

Inthis approach, first the risk-free rate (R) is estimated using the prevailing yield on
treasury securities and then, theintuitively decided risk premium (Rp) isadded it toget
therequired rate of return. Theintuitive judgement for deciding therisk premium needs
the following information:

e Typeof project: For example, a3 per cent premium for replacement of machinery,
a5 per cent for expansion, 8 per cent for new product development and 12 per
cent for research projects. This method does not consider the effect of new
project ontherisk profile of business.

e Other factors: Other factors may include industry characteristics, debt-equity
ratio, degree of total leverage, etc.

(i) CAPM approach

Earlier, we mentioned the capital asset pricing model (CAPM) with referenceto cost of
equity. The CAPM was developed for estimating theinvestors' required rate of returns
from aninvestment in equity share in the security market. Companiesinvest in projects
and therefore, theoretically, can use the CAPM in the project market situation to find
therequired rate of returnsfromthe project. If risk-free projects (likerisk-free securities)
exist and their returns are known and if similar projects are available in plenty and if
projects have aready market for trading (like stock and bonds markets), then companies
canfind therequired rate of return using CAPM formulagivenin equation 2.12.

K.=R+(R,-R)S ..(212)
Where, R, =risk-freerate onrisk-free projects
R, =returnonmarket portfolio of projects

f =systematic risk of projects (covariance of return on surrogatefirm’'s
project and project-market return)

The CAPM isjust hypothetical and not practical.
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(i) Adjusted WACC approach

We can use the weighted average cost of capital (WACC) as arequired rate of return
from anew project, if and only if the WA CC remains unchanged after the new project
is undertaken. If the WACC changes with the new project, then we cannot take either
pre-project WA CC or post-project WACC asacut-off rate. Follow the steps given here
tofind the cut-off rate using the adjusted WA CC approach:

Stepl:  Cdculatethe WACC beforethe new project and itsfinancing planisannounced
to the market.

Step2:  Announcethe new project and its financing plan to the market and allow the
market to reprice the share and bond.

Step3:  Now calculate (@) cost of the new bondsthat will beissued, using new market
price of outstanding bonds (b) cost of equity using the new price of equity
shares and finally (c) weighted average cost of capital in the post-project
announcement situation. INnWA CC calculation, include outstanding bonds and
debt, proposed new bonds and equity increased with the additiond equity funds
(irrespective of whether raised through new issue of equity or funded with
retained earnings) for financing the project.

Step4:  Now calculate the required rate of return using adjusted WACC approach
explainedinthefollowing example:
Example2.1: XY Ltd: Calculating RRR using adjusted WACC approach

XY Ltd hasgot the gross market capitalization of X 1 crore. Its present weighted average
cost of capital (WACC) is 18 per cent. After the company announced new investment
plans of ¥ 50 lakh for the next plan period, itsWACC went up to 18.5 per cent. Caculate
the required rate of return (also known as RADR) for XY Ltd’s new projects. What
would bethe RADR, if WACC had reduced to 17.75 per cent?

Solution: XY Ltd: Calculating RRR using adjusted WACC approach

The required rate of return from the new project of XY Ltd will be as shown in
Table2.2.

Table 2.2 Required Rate of Return

Scenario SizeinX Cod of Ear ningsRequired =
Capital Sze x Cost of capital
Business-as-is 1,00,00,000 18.00% 18,00,000
Business with new project | 1,50,00,000 18.50% 27,75,000
New project 50,00,000 19.50% 9,75,000
9,75,000

Theanswer isRRR = RADR = Cut-off Rate = =19.50 per cent

50,00,000

If business continues as is, it would require to earn X 18 lakh (18 per cent of
X 1 crore) to meet the expectations of fund suppliersbut if the new project is accepted,
thefirmwill havetoearnX 27.75 lakh (18.5 per cent of X 1.5 crore). Thus, the business
withanew project will haveto earnanadditiona X 9,75,000 (X 27,75,000—X 18,00,000)
inreturn. These additional returns must come from the additional investment in the new
project. Thus, thenew project must earnat least 19.50 per cent (X 9,75,000 + X 50 lakh).



If theWACC (K ) fallsfrom 18 per cent to 17.75 per cent, the RRR from the new Prgineé:t S/;”:(Jzzl’zrsl
project will be as showninTable2.3.

Table 2.3 RRRfromthe New Project

: T X . , NOTES
Scenario Szein% Cog of Capital Ear nings Required

Business-as-is 1,00,00,000 18.00% 18,00,000
Businesswith new project | 1,50,00,000 17.75% 26,62,500

New project 50,00,000 17.25% 8,62,500

XY Ltd should usethe 17.25 per cent discount rate (cut-off rate) for the evaluation
of the new project when K  has reduced from 18 per cent to 17.75 per cent dueto the
announcement of investment plan.

In away, the cut-off rate (required rate of return) based on adjusted weighted
average cost of capital usesthefollowing equation:
RADR =WACC ARp ..(213)

Where, AR indicates differential (changein) risk premium.
2.6.3 Project Cash Flow Estimate

The process of estimating project cash flow can start after the detailed assumptionsare
drawn from market analysis, technical analysis and chosen financing options. Wewill
discuss this topic in three parts — (@) types of cash flow, (b) principles of cash flow
estimates and (c) workings for preparing cash flow.

Types of Cash Flow

The project cash flow can be classified on the basis of pattern, interdependence, etc.
Wewill now look at thetypes of project cash flow on the basis of thetiming of occurrence.

e The cash outflow incurred during the construction of the project is considered
initial cash flow.

e The cash flow that occurs after a project is commissioned is called operating
cash flow.

e Thecash flow that occurs at the end of the project life (or to be more precise, at
thetimewhenthe period of analysisis completed) is called ‘terminal cashflow’.
Principles of Cash Flow Estimates

The basic principle for estimating project cash flow is* only the cash flowsrelevant to
the project should be included in the project cash flow.” It is aso true to say that *all
future cash flows are relevant’ or ‘ al opportunity cash flows are relevant’. However,
theterms’‘relevant’, ‘future’ and ‘ opportunity’ cashflowsare not very self-explanatory.
They areexplained asfollowsthrough four principles.

1. Incremental cash flow: Thisisthe basic principle; only incremental cash flow is
relevant to aproject. Someimportant points to be remembered are:

e Sunk costs are not relevant

¢ Overheads may not be relevant

e Any cost can berelevant or irrelevant

e Project cash flow may occur anywhereinthefirm
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2. Salvage value: The salvage value of assets, along with any tax implications, onthe
date of project termination must beincluded as cashinflow.

3. Working capital: Working capital is the net investment in circulating assets (like
cash, raw materia, semi-finished goods, finished goods and receivables) minus current
liabilities (like creditors and other payables). In most cases, capita investment proposals
require additional (incremental) working capital, without which thewhedls of fixed assets
cannot operate.

Any increase (decrease) in core or permanent working capital isaninitial cash
outflow (inflow) and is held through the project life (no effect on operating cash flow).
Upon the termination of the project, the working capital changes back to the original
level and therefore, results inthe decrease (increase) of the working capital, incurring
cash inflow (outflow) as the terminal cash flow. That means, the change in working
capital affectstheinitial cash flow aswell asthe terminal cash flow but with opposite
signs (inflow vsoutflow).

However, note that as per the *long-term funds principle’, fluctuating working
capital requirement, together with the source funds and cost of funds, is considered a
part of the operating cash flow of the project.

4. Tax implications: Incremental tax is usually the largest single component in the
project cash flow. The government providesincentives and disincentivesfor investment
in selected areas of business and location. Central and state tax structures (direct and
indirect) must be appropriately considered at realistic level, that is, the extent towhichit
isapplicableto thefirm.

Working for Preparing the Project Cash Flow

Thefollowing statements are prepared for every year in thelife of the project:
¢ Projected cash flow statement
¢ Projected income statements
¢ Projected balance sheets

For preparing the above statements, one needs to prepare several schedules.
Some of theimportant schedulesfor preparing aproject cash flow include:

e Debt servicing schedule (interest payment and principal repayment schedule for
loans)

o Working capital schedule
o Working capital loan, interest and repayment schedule
¢ Depreciation schedulefor incometax purpose

¢ Depreciation schedule for the purpose of reporting under the Companies Act,
1956 (if depreciation palicy isdifferent from theincometax rules)

All these statements and schedules are prepared intwo sets: (i) assuming business
asitisand (ii) businesswith the new project. The difference between thetwo projected
cash flow statementsisthe project cash flow used for the financial evaluation.

2.6.4 Financial Evaluation

Financial evaluation approaches may be classified into selected accounting ratios and
capital budgeting evaluation techniques.



Useful ratios: Based on the projected income statements and projected balance Project Analysis
sheets, some important financial indicators are calculated for a quick viahility check. and Sefection
For this purpose, all the data are taken on an annual average basisto reflect more

than one year’s life of the project. Important financial indicators are discussed

heresfter. NOTES

1. Interest Cover Ratio

Interest cover ratio, also known astimes interest earned (TIE), indicates the potential

safety and timely payment of interest to the lenders of money. Thefollowing formulais

used:

PAT + Depreciation+ Interest Expense
Interest Expense

Interest Cover Ratio =

.. (2.14)

Where, PAT = profit after tax
Leaserentd, if any, isalso added in the numerator aswell asthe denominator.

Theinterest cover ratio shows how many timesthe operating cash flow is earned
against the interest expense. Usually, the interest cover ratio of three and more is
considered desirable. Though thisratiois useful in determining the hedlth of the earning
power of the project, itisnot avery important measure of overall project viability. This
ratiois useful to lendersin evaluating thedefault risk, if any.

2. Debt Service Coverage Ratio (DSCR)

Debt service coverage ratio (DSCR) uses the same numerator as interest cover ratio
but in the denominator, the principal sum repayment is added to the interest expense.
The formulafor DSCR calculationis:

PAT + Depreciation + Interest Expense

DSCR= — ...(2.15)
Interest Expense+ Principal Sum Payment

Academically and as per several financial institutions, an average DSCR of 1.5
or higher is considered good. A firm that attains 1.5 or greater DSCR is considered to
have preserved credit worthiness. Evenaminimum DSCR of 1.33isaccepted, especially
infinancing asick businessinitseffort of turning around. The DSCR isasafety indicator;
safety of not only theinterest but also of the principal sum. DSCR dso indicateswhether
the project is self-sustainable. A project that generates enough fundsto repay al loans
along with interest during the period of loan taken for the project is considered good
from the business prudence perspective.

2.6.5 Capital Budgeting Evaluation Techniques

Thereareseverd capitd budgeting evaluation techniques, some of which use accounting
information and others use cash flow information. Some cash-flow-based techniques
use time value concepts as well. We shall discuss important techniquesin this section
through example 2.2.

Example 2.2: HVBB Ltd is considering an option of buying a new machine with an
investment of ¥ 1,00,000. The investment will last for six years, after which it can be
sadvaged at X 3,000. It would aso require an additiona investment of ¥ 15,000 inworking
capital itemslike spares. Thefirm'’s cost accountant estimated theincrementa operating
cashinflow after tax for thelife of the machine as shown in Table 2.4.
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Table 2.4 Incremental Operating Cash Inflow

Y ear Operating Cash

Flow ()
50,000
60,000
30,000
20,000
20,000
12,000

O~ wWNE

Evauatetheproposal of buying themachine using various methods of evaluation.
Consider 20 per cent cost of capital whererequired.

1. Accounting or Average Rate of Return (ARR)

This method usesthe average accounting profit onincremental basisand divides it by
theannual averageinvestment inthe project during thelife. Theformulais:

Average Incremental Profit
Average Incremental Investment

ARR = ...(2.16)

Solution 2.2(a): Accounting (average) rate of return

We need to calcul ate the year-wise accounting profit from the given cash flow and the
year-wise annua investment for the calculation of the accounting rate of return for
HVBB's project. For the calculation of the year-wise net profit, we must deduct
depreciation from the operating cash flow. We will take 33 per cent depreciation on
declining balance.

Table 2.5 Calculation of Year-wise Profit and Average | nvestment:
Depreciation Rate: 33 per cent WDV

Depreciation rate based on written down value (WDV) method: 33%
Year 1 2 3 4 5 6 Total
Cash Flow 50,000 | 60,000 | 30,000 | 20,000 | 20,000 | 12,000 | 1,92,000
Depreciation 33,000 | 22,110 | 14,814 | 9,925 6,650 | 10,501 97,000
Net Profit 17,000 | 37,890 | 15,186 | 10,075 | 13,350 1,499 95,000
Investment (M/c)
Beginning value 100,000 | 67,000 | 44,890 | 30,076 | 20,151 | 13,501 | Six year
Ending value 67,000 | 44,800 | 30,076 | 20,151 | 13,501 3,000 | average
Average 83,500 | 55,945 | 37,483 | 25,114 | 16,826 8,251 37,853

Ending value of investment in machines = Beginning value— depreciation

Annual average investment = (83,500 + 55,945 + 37,483 + 25,114 + 16,826 +
8,251) + 6 years= 37,853

Average annual profit = Total net profit + number of years =3 95,000 + 6 years
=% 15,833

Average annual investment: ¥ 37,853 + X 15,000 =X 52,853 (whereX 15,000 is
theinvestment inworking capital)

Accounting rate of return (WDV depreciation): (X 15,833 =X 52,853) x 100 =
29.96 per cent.



Discussion and cut-off rate

e The accounting rate of return method is theoretically an unacceptable method
because (a) it does not takeinto account cash flows and time value of money and
(b) theARR figureis sensitive to the accounting policy regarding the method of
depreciation. But managers seem to understand the results of this method better.

¢ Still, ARR hasremained apopular method because even now, shareholders get
accounting information and therefore, the market is always|ooking for profitability
fromthe project.

e Other evaluation techniquesfail if theproject lifeistoolong (likethat in setting up
of aforeign subsidiary) because of discounting process. ARR is the preferred
and recommended techniquefor very long life or perpetual life projects.

¢ Determining cut-off ARR isnot easy. It will be mostly judgemental or intuitive;
rather than objective. However, a project that generates ARR higher than the
projected ARR of the business without the new project will help in reporting
higher ARR infuture.

2. Payback Period

Payback period (PBP) is defined as the number of years required for recovering the
original cash outlay invested in a project. If the project cash inflow isin the uniform
series, the PBP can be computed by dividing theinitial cash outlay by the annual cash
inflow. That is,

Cash outlay (= investment)
Annual cash inflow

If thecashinflow isnot inthe uniform series, the PBPis cal culated by accumulating
the cash flows starting from the beginning. When the cumulative cash flow becomes
zero, theinitial investment, isfully recovered and PBP isreached. Let us calculate the
PBPfor HVBB example.

Solution 2.2(b): PBP

Initia outlay: X 1,15,000 (i.e., ¥ 1,00,000infixed assets and X 15,000 inworking capital)
asper Table 2.6.

PBP =

.. (2.17)

Table 2.6 Payback Period of HVBB Ltd

Y ear Cash Inflow Cumulative Remark
Amount
0 % 1,15,000 3 1,15,000
1 50,000 —65,000
2 60,000 5,000 |
3 30,000 25,000 PBP

Notethat inyear 1, cashinflow of ¥ 50,000 reduced thebalance of initia investment
of ¥ 1,15,000 to X 65,000; and in year 2, cash inflow of ¥ 60,000 further reduces the
balance of investment from 65,000 to just X 5000. This balance will befully recovered
intheinitial few months of thethird year. Thus, the payback period isin thethird year.
We can calculate the PBP as follows:

5,000 1

= -+ =+ — .
PBP= 2years 30,000 2 6yearsz21625years:2year52months
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Discussion and cut-off rate

¢ Thisisasimplemethod but (@) it ignoresthetotal life of the project (b) it neither
measures the value creation nor the profitability. It just measuresthetime taken
torecover theinitial investment.

e Thefirm hasto predetermine the acceptable payback period. If project PBPis
shorter than the acceptable one, the project is accepted; otherwise, itisrejected.
But, acut-off PBT could be at the most, araw judgement.

¢ Despiteall obviouslimitations of the PBP method, it hasremained very popular.

o PBPisuseful where, (a) thefirmisanticipating liquidity crisisinthetimeto come
and (b) the proposed project is considered risky. Low PBP indicates fast cash
flow coming in, easing theliquidity problem and mitigating therisky.

3. Net Present Value (NPV)

Thisis adiscounted-cash-flow-based method of project evaluation. NPV isthe excess
of the present value of cash inflow over the present value of cash outflow of the project.
The present valueis calculated by applying the cut-off rate asthe discount rate. We can
calculate the present vaue of each single cash flow using equation 2.18aand then, add
up all the present valuesto get the NPV.

CF,

_ t
(1+ RRR)

Alternatively, we can express Equation 2.18afor amulti-period cash flow and call it as
NPV, asshownin equation 2.180:

NPV = y
tzll 1+K

Where, PV =present vaI ue
NPV = net present value
CF, =cashflowinperiodt
RRR =required rate of return or discount rate
C =initia outlay

Discussion and cut-off rate

..(2.189)

..(2.18b)

e TheNPV method of project evaluationis consistent with the corporate financial
objective of value creation. The net present value is the value that the project is
creating for the shareholders.

o Accept the project if the NPV is positive. Rgject it if the NPV is negative. A
decision-maker will beindifferent to aproject that offers zero NPV.

e Some managers are uncomfortable with the NPV method because the NPV is
an absolute amount of value and they are more comfortable with per cent figures.

e Somebdievethat sincethe NPV isin absolute amount, two mutually exclusive
projects of different sizes cannot be compared based on NPV. Thisisnot true. It
can be proved that NPV remains a better measure even in the evaluation of
mutually exclusiveprojects.

Solution 2.2(c): NPV

The investment proposal of HVBB Ltd is evaluated on NPV basisin the calculation
showninTable2.7.



Table 2.7 Calculation of NPV of HVBB Ltd

NPV Calculation Rate | 20%
PV Calculation
Y ear Cash Flow PVIF PV
(Equations 3.32(a, b))| (CF x PVIF)
0 (115,000) 1+(1+0.2)° = 1.0000 (115,000)
1 50,000 1+(1+0.2)' = 0.8333 41,665
2 60,000 1+(1+0.2)? = 0.6944 41,664
3 30,000 1+(1+0.2)° = 0.5787 17,361
4 20,000 1+(1+0.2)* = 0.4823 9,646
5 20,000 1+(1+0.2)° = 0.4019 8,038
6 30,000 1+(1+0.2)° = 0.3349 10,047
Net Present Value 13,421
PVIF, the ‘present value interest factor’, is calculated using equation
3.32afor CF = Re 1 and RRR of 20 per cent in this case.

The net present valueis positive; the company can accept this project. Thisproject will createa
valueof X 13,421.

4. Profitability Index (PI) or Benefit-cost (B/C) Ratio

Thisisonevariant of the net present value method. Profitability index (Pl) is sometimes
caled asbenefit cost ratio (B/Cratio). Pl iscalculated intwo ways (equations 2.19aand
2.19b), both giving the sameresultsif interpreted appropriately.

P — PV of Cash Inflow

~ PV of Cash Outflow . (2.199)
Alternatively,
H= o (2.190)
PV of Cash Outflow - (2

Discussion and cut-off rate

e ThePl istherateat which vaueiscreated. Therefore, some managers may feel
comfortablewithit and may feel that it can help in comparing two projectswith
different sizes. Thisisnot true, though.

e |f the Pl is greater than one (in equation 2.19a), the project is acceptable. If we
use equation 2.19b, then welook for a Pl greater than zero.

Solution 2.2(d): PI
Profitability index of the proposed investment in new machineis,
128,421 +115,000=1.12 (using equation 2.19a)
or 13,421 +115,000=0.12 (using equation 2.19b)
ThePI of 1.12 impliesthat aninvestment of I 1 will becomeX 1.12 or will appreciate by
12 per cent, inthe present value terms. This project is acceptable on Pl basis.

5. Internal Rate of Return (IRR)

ThelRR isarate at whichaproject NPV iszero. We use equations 2.19(a, b) that we
used for the calculation of NPV but the difference is that instead of finding the net
present value, we find therate (K) at which the net present valueis zero.

IRR, therefore, iscalculated with trial and error. Start with any discount rateand
calculate the NPV. If the NPV is positive, try another higher discount rate and go on
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trying out different ratestill arateisfound at whichthe NPV isexactly zero. We seethis
process of caculationinthe exampleof HVBB Ltd.

Solution 2.2(e): IRR

Internal rate of return (IRR) shownin Table 2.8.

Table2.8 IRR
Rate 25% 26%
Year PV Calculation PV Calculation
Cash Flow
PVIF PV PVIF PV

1,15,000 | 1.0000| 1,15,000 | 1.0000 | 1,15,000
50,000 | 0.8000 40,000 [ 0.7937 39,685
60,000 | 0.6400 38,400 [ 0.6299 37,794
30,000 | 0.5120 15,360 | 0.4999 14,997
20,000 | 0.4096 8,192 | 0.3968 7,936
20,000 | 0.3277 6,554 | 0.3149 6,298
30,000 | 0.2621 7,863 | 0.2499 7,497

NPV 1,369 793

ol W|N|[FL]O

Infact, we should try arate, say 25.5 per cent, and if the NPV isstill positive, try say,
25.6 per cent and if itis till positive, try say 25.61 per cent and so on until we get exactly
a zero net present value. But, many a times, we may not need such a precision; an
approximate value of IRR may bejust fine. For approximating IRR, when wefind two
successive rates, where at a lower rate, NPV is positive and at a higher rate, it is
negative, we interpolate the value of IRR. The interpolation formula is given in
equation 2.20.

NPV at Lower Rate
NPV at Lower Rate— NPV at Higher Rate

IRR (Approximately) ~ IRR at Lower Rate + ... (2.20)

By interpolation process, we assumethat the NPV will change betweenthetwo successive
ratesinalinear fashion.
Plugging the valuesin equation 2.20 for the HV BB Ltd example, we get

1,369

IRR (Approximately) ~ 25% + ———
(App V)= 2% e 703

~ 25.63%

Discussion and cut-off rate
e ThelRRisarate at whichtheinitial investment isreturned in the present value

terms.

o A many managers like this method because it gives arate; rather than just an
absolutevalue.

o A project is accepted if the IRR is greater than the cut-off rate; otherwiseit is
rejected.

¢ TheIRR-based decision will be the same as the NPV-based decision in case of
accept-reject situation but in case of mutually exclusive projects, NPV givesthe
correct choice.

e The limitation of IRR arises from the fact that in IRR caculation, there is an
inherent assumption that intermittent cash flow isreinvested at therate equal to



the IRR rate; whereas, a firm may be willing to invest future cash flows at the
rate equal totheweighted average cost of capita or at the risk-adjusted discount
rate.

6. Modified Internal Rate of Return

Modified internal rate of return (MIRR) removes the unrealistic assumption of theIRR.
Inthe MIRR calculation, theintermittent cash flows are reinvested at the rate equal to
the cut-off rate or any other rate appropriate for the future investment, up the terminal
period. In the process of reinvestment, we calculate the future value, which uses the
followingformula

Future Value (FV) or Terminal Value = CFt x (1 + K)! ..(221)

Using equation 2.21, al intermittent cash flows are reinvested to mature at the
terminal point of the project. As aresult, there will be only two cash flow pointsinthe
project cashflow. One, initid period cash flow and two, terminal period cash flow. Then,
anIRR iscalculated for this cash flow series, which may equate the terminal vauewith
theinitial outflow inthe present valueterms. Itiscalled MIRR. Let ustakethe example
of HVBB Ltd. and calculate MIRR.

Solution 2.2(f): MIRR

Let ustake 20 per cent discount rate given in the example as the reinvestment rate for
MIRR purpose as per Table2.9.

Table 2.9 MIRR Calculation

| Reinvestment Rate 20%
Y ear TV Calculation MIRR
Cash Flow FVIF FV Cash Flow

0] (1,15000) (1,15,000)
1 50,000 | 1x (1+0.2)5 =2.488 | 1,24,400 0
2 60,000 | 1x (1+0.2)4 =2.074 | 1,24,440 0
3 30,000 | 1x (1+0.2)3 =1.728 51,840 0
4 20,000 | 1 (1+0.2)°=1440 | 28800 0
5 20,000 | 1 (1+0.2)'=1200 | 24,000 0
6 30,000 | 1x (1‘*‘0.2)O =1.000 30,000 3,83,480

Note that year 1 cash flow of ¥ 50,000 is reinvested for the remaining five years; the
maturity (future) valueisz 1,24,400. Year 2 cash flow of ¥ 60,000 will bereinvested for
theremaining four years; year 3 cashflow of ¥ 30,000 will bereinvested for the remaining
three yearsand soon. Last year’s cash flow isnot reinvested a all. Theresult isthat the
firm will now receive all reinvested cash flows at the end of the year 6. All maturity
amounts add up to X 3,83,480. That means, the rate at which the present value of
X 3,83,480isequdl totheinitial investment of X 1,15,000 is the modified interna rate of
return (MIRR). Using equation 2.21, we get the following MIRR:

383,480

115,000 = m Solving for K (using method of calculating IRR)

-. MIRR =22.23 per cent

The management of HVBB should accept this project because it generates an MIRR
greater than the required rate of 20 per cent.
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Discussion and cut-off rate

e MIRR is surely a better method than IRR because it gives aper cent without
limitation of inappropriate assumption of reinvestment rate.

o Accept the project if the MIRR is greater than the cut-off rate.

¢ Wecan provethat when it comesto mutually exclusive projects, MIRR may fall
and the NPV method will be proved reliable.

At the cost of repetition, note that in case of accept-reject situation, NPV, P,
IRR and MIRR will all givethe same decision but in case of mutualy exclusive projects
with size disparity, pattern disparity or life disparities, one should use NPV.

Real LifeApplication

What isthe most pragmatic approach for the application of financial eva uation methods
inreal life? Theanswer is:

¢ Firmshaveconflicting goaslike, liquidity needs, the need to report year-to-year
profitability and to create value. Therefore, it is advisable to use atwo-layered
approach for the financial evaluation of projects, for example, at thefirst stage,
use either ARR or PBP as afirst screening method and further apply NPV or
MIRR only if aprojectiscleared inthe first screening.

e In case of acute liquidity situation or very high uncertainty situation, use PBP
method.

o |f theproject lifeistoolong, either rely onARR or just look at the potential market
sizeand do not bother about financia evauations. Many multinationa firms have
set up successful foreign subsidiarieswith caculated negative NPV; they simply
relied on potential market size.

e Remember, there could have been several costs and benefits that were not
translated into financial numbers. Tothat extent, financid analysisisincomplete
and therefore, before any project iseither accepted or rgjected onfinancia grounds,
we have to consider the strategic and other aspects of the project.

Risk Assessment

The process of building logic (also known as information or knowledge through market
research, test marketing, etc.) isalso the process of reducing risk. Thus, somerisk can
be mitigated at the stage of the designing of the project. After aninitial designisready,
one does a financial analysis. However, financial analysis uses single point forecast
vaues, whichmay be subject torisk or uncertainty. Therefore, an analysisis not complete
without the systematic study of risk. A project risk is studied initially with sensitivity
analysistoidentify the critical successfactors, so that those selected few factors canbe
studied further to identify probabilitiesand various outcomes. Then, the project designis
reviewed to devel op dternative designs to match each possible outcome. This process
helpsinselecting theright project dternative from the risk-return perspective.

Inaddition to the project risk, one must study the project portfolio risk. A project
that isindependently risky may bedesired if its cash flow is negatively associated with
thecashflow of therest of the business. Inthat casethe new project offersdiversification
advantages and therefore may be preferable from the overall risk-return angle.



Project Analysis

2.7 SOCIAL COST AND BENEFIT ANALYSIS and Selection

The concept of economic rate of return can be expanded to encompass the social cost
and benefits, thereby, calculatethe socid rate of return. This method of project evaluation NOTES
isalso popularly known as Socid Cost-Benefit Analysis (SCBA). Government and socia
projects are evaluated on the line of social cost-benefit analysis. Many international
funding agencies would finance asocial project based onits social rate of return.

SCBA isavery subjective method but conceptually sound. The following brief
text givesaconceptua explanation. The details are kept out of the domain of this book.
The readers who are interested in reading authentic material on SCBA should read
Manual for the Evaluation of Industrial Projects, UNIDO publication, 1980. AGuide
to the Economic Appraisal of Projects in Developing Countries, by the Ministry of
Overseas Development is also useful.

2.7.1 Non-Quantifiable Cost-Benefits in Projects

Financial cost-benefit is from the angle of a firm; economic cost-benefit is from the
angle of a nation’s economy. Both involve assessment of identifiable rupee value of
costs and benefits for either the firm or for the nation. Economic cost-benefit analysis
will be done by government and government agencies in determining incentives and
disincentivesto businesses either interms of concessional rate of power supply or supply
of cheap paper or guaranteed supply of scarce resources or offering guarantees such as
rate-guarantee, and so on.

Some projects, private or government, generate non-quantifiable cost-benefits.
Many such projects are initiated to provide economic impetus and not for tapping the
currently available opportunities, for example, construction of adam has severa social
costslike displacement of habitants, lass of agricultural land, potentia effect on ecology,
and so on, against many social benefits such asirrigation, flood control, beautification
and tourism potential. In economically backward areas, social infrastructure projects
like literacy programmes, education initiatives and family planning programmes create
conditionsfor economic growth. The non-quantifiable costsand benefitsin such projects
areplenty.

In private projects, atype of social cost-benefit analysiswould help in shaping
government palicies and palicies of foundationswhowork for thecommunity. For example,
theimpact of global warming may not be felt in the foreseeable future, but at least all
(beyond scientific community) have started agreeing now that global warming isaserious
issue. Therefore, any project that affectsthe ozone layer islessdesirable and deserves
disincentives and other projects like research for alternate energy or projects using
alternative energy deserveincentives. Thus, today, the environment effect must be built
into the social cost-benefits.

Therefore, all agencies that aim at social welfare, such as government and
international institutions like the World Bank, International Monetary Fund and UNIDO
use social cost-benefit analysisfor the evaluation of projects.

Social projects of the government and those financed by the government will be
appraised on SCBA lines. Thefollowing factorswarrant social cost-benefit analysis:

e Market imperfection
e Taxesand subsidies
e Concernfor savings
e Concernfor redistribution
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Most of the markets areimperfect. The degree of market imperfectionishighin
underdeveloped and developing nations. Market imperfectionis manifested inimmobility
of resources or in mobility-shy resources. Land is not mobile; lack of infrastructure
keeps away the business from faraway places where land may be very cheap. Labour
ismobility shy duetofamily and socia reasons, coupled with inadequate communication
facilities and immigration laws. For such reasons, market prices do not reflect true
economic prices, requiring the use of shadow price for thevauation of costsand benefits.

Typica low savingsinvestment rates and unequd digtribution of incomeand income-
generating opportunities are the matters of concern for such nations. A project, which
resultsin effective redistribution of income, is more valuable than those projectswhere
incomeis concentrated in afew hands. These factors must be assigned ahigher value
asthey aretheimmediate concerns of developing nations.

2.7.2 United Nations International Development Organization
(UNIDO) Approach to SCBA

Asin any project evaluation, SCBA aso involves (a) estimating costs and benefitsin
terms of cash flow and (b) determining discount rate for cal culation of the project’s net
present value.

Estimating Social Cash Flow

United Nations International Development Organization (UNIDO) follows three steps
inestimating cash flow inthe SCBA approach.

Step 1: Calculate financial cost-benefits

Thefirst step of measuring thefinanciad profitability of aproject at market price, involves
evaluation of the project from the company’s angle only. When it istranslated into the
economic cost-benefits, (a) some costs and benefits are excluded because they only
amount to change of hand in the economy as stated in the discussion on ERR and
(b) the economic cost and benefits are priced at economic rates, rather than markets
rates.

Step 2: Calculate economic cost benefits

Goods produced and consumed by the project must be handled inthree sub-steps, namely
e Separate non-economic cost benefitsfrom economic benefits
e |dentify tradable goods and pricethem
e |dentify non-tradable goods and price them

Some flow of money in financial cost-benefits may not involve any economic
costsor benefits. These cash flows must be excluded from the socia cost benefit andysis.
UNIDO has devel oped application modelsfor different economies.

There arethree alternative prices possiblefor goods and services, namely:
e Market (producer’s) price
e Free-trade price (world price)
e Shadow and second best shadow price
For determining prices, goods and services are grouped into two categories:
e Goodsthat areimported or exported or closeto being imported or exported

are tradable goods. Because of market distortions one cannot take market
price for tradable goods. Therefore, tradable goods are priced at the



international price of goods. Resources consumed are priced at and resources Project Analysis

pr oduced. and Selection
e Thereare also some non-tradable goods; for example, value of lives saved,

value of time saved, cost of pallution, etc. Alsoincluded in non-traded goods

areland, buildings, dectricity, transportation and others, which arenot traded NOTES

internationally. Asaresult, international prices are not available as economic

prices. These non-tradable goods are valued at shadow prices. Some bases

for shadow prices are suggested asfollows:

Step 3: Adjustment for social concer ns: Developing nations have three major social
concerns:

1. Impact on savings
2. Impact onincomedistribution
3. Goodsthat may be merit or demerit ones

The economic values derived at the end of the second step explained earlier must
be adjusted for these three concerns. The adjustment is based on the extent the project
contributes inachieving the goals of social concerns.

I ncorporating impact on savings

Theimpact on savingsis measured as per equation 2.22.
Impact on Savings= LAy, x MPS -.(2.22)
Where, Ay =Changeinsavingsinyeari
MPS=Marginal propensity of savingsinyear i
The value of rupee of savings is the present value of additional consumption
stream produced when that rupee of savingisinvested at themargin. Asathumbrule, it

is believed that one rupee invested in agriculture generates, say X 7, industry X 10,
infrastructure projects, ¥ 30, and socia infrastructure generates anet value of X 70.

Incor porating impact on income redistribution

Theimpact onincome redistribution is measured interms of willingnessto pay. Various
sectorsor parties, such as other businesses, government, workers, consumers and others,
may gainor lose duetothe project. Their willingnessto pay (or charge) for goods they
receive (or lose) is estimated. However, the methods of estimation may be much less
objective. For example, asurvey method, which involves administration of questionnaire
may not offer reliable shadow price because of lack of experience of goods and also
because of psychological issuesif they aretheloser of goods. One can determine weight
(price) by using dasticity of marginal utility of income based on equation 2.23.

n
B
W= =
i (Cij ..(2.23)
Where W = Weight assigned toincomeat thelevel of C,
B = Base-level income, withweight of 1
n = Elasticity of margind utility of income

I ncor porating importance of goods

Merit goods are ones whose social value is greater than economic value, for example,
conservation of oil and generation of employment are more valued items. Energy is
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merit goods. Some others are demerit goods, where social valueisless than economic
value. Cosmetics are demerit goods. The list of merit and demerit goods and their
importance may vary from nation to nation.

Economic prices of resources are adjusted upward or downward, as the case
may be, on the consideration of savings, income distribution and merit or demerit goods.
The adjustment factors for various resources are generally pre-decided by the agency,
like UNIDO for each country. These factors are periodically reviewed in the light of
changed conditions.

The stream of social costs and benefitsis obtained after the three steps described
above.

Little-Mirrlees Approach to SCBA

Inthefield of social cost-benefit analysis, the other approach that ismore discussed is
theLittle-Mirrlees (LM) approach or manual. Little-Mirrleeswrotethis approach and
subsequently redefined it. Thisapproach created severa controversies, which resulted
inmany authors attempting an explanation.

The basic concepts of SCBA in both UNIDO approach and LM approach are
the same. M ost approaches are also the same, but some countries and the World Bank
usethe LM approach becauseit givesaready-to-use detailed procedurefor computation
of difficult shadow prices. Themain contribution of LM isin bringing simplicity by the
way of using ‘world prices' or ‘real foreign exchange prices' as shadow pricesfor all
goods, whether tradable or non-tradable. It isbased on the assumption that international
market is perfect or efficient. LM approach suggests:

1. UseCIF (Cost-Insurance-and-Freight or Import) priceif the goods produced
inthe economy reducesimport, or

2. Use FOB (Free-on-Board or Export) price if the goods produced in the
economy are availablefor export.

One can see asimilarity with the UNIDO approach in these suggestions, but the
difference is that these suggestions are even applicable to the pricing of non-tradable
goods. However, theLittle-Mirrleesgpproachislesswiddy used thenwasinitidly expected.

Comparison between UNIDO and LM Approaches

Thefollowing similarities can becited:
e Both approaches use shadow (accounting) prices especialy for foreign
exchange savings and unskilled labour
e Both consider factor of equity
¢ Bothusethediscounted cash flow (DCF) method

UNIDO LM
Uses domestic currency basis Uses ‘world price’ for cost-benefits
Is based on the consumption Is based on ‘uncommitted social income

value of costs and benefit

Is a stage-by-stage analysis Is an integrated analysis

Let uslook at thedifferencesin details of approach through ahypothetical example.
For example, aproject consumes electricity. How should we determine the social cost
of theconsumption of electricity?As per the UNIDO approach, the marginal social cost
iscalculated by taking the material costs involved in generation of electricity and each



material costispriced at international price; and thewages component is taken a social Project Analysis
wage rates. Wages may be categorised and an appropriate rate may be applied for each and Sefection
category. Inthe LM approach, the cost will be divided into three categories—tradable

goods, labour and other expenses consumed in the generation of electricity. These

components are converted into the social cost by applying social conversion factors, NOTES
which are based oninternational prices.

Estimating Social Discount Rate

One needsto determinetherate at which cash flow must be discounted for calculating
the net present value. Alternatively, one can calculate the internal rate of returnsfor a
given cash flow. Theinternal rate of returninthe SCBA isknown as social rate of return
(SRR). At SRR, the present value of cash inflow outflow becomes equal. However,
SRR has to be compared with a benchmark, which is socia discount rate (or socia
required rate of return). Thus, whether itisNPV that iscalculated or SRR, one needsto
know the social discount rate.

Applying the opportunity cost rule, the SRR from the project foregonein favour
of this project should betakenasasocial required rate of return or social discount rate.
Some dlternatives are:

o After-tax interest rate
e Consumptionrateof interest
e Foreign exchangeinthehands of government

After-tax interest rateismore appropriate from thefirm’s paint of view in calculating
financial rate of return. In absence of the opportunity return, the consumption rate of
interest can betaken as cut-off rate, asdoneinthe UNIDO approach. The LM approach
is in favour of using ‘investment discount rate’. The discount rate would be the
comparative value of future and present foreign exchange held by the government.

Itissaid that marginal foreign exchange held by the government in adevel oping
economy would be utilized for investment. That iswhy discount rate in such an economy
would be called investment discount rateinstead of consumption discount rate. Some
othersargue and recommend integrating equity concerns because the funds used by the
governments, especially have intergenerational equity effect. Intergenerational equity
occurs in deficit financing activity, because the burden of deficit financing is on the
future generation, implying that the cost of equity inthefutureis relevant as adiscount
rate. Thus, intergenerational equity cost should be considered asthe social required rate
of return.

Difficultiesin SCBA

¢ Elementsof subjectivity may creep inwhiledetermining economic prices.
e Shadow pricesare always subject to criticism asareworld prices' .

e Thetheoretical solutionfor shadow pricethat usesthe consumers' willingnessto
pay as ashadow price causes moredifficultiesin practical life.

¢ A survey method and itsresults for determining the ‘ willingnessto pay’ canbe
extremely subjectivelargely becauseintangibles are being evaluated here.

¢ Determining weights assigned to savings, redistribution of income and merit goods
can only bejudgemental.

e The cut-off rate or the social required rate of return also becomes a matter of
debate.
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2.7.3 SCBA in India

SCBA iscarried outindetail inIndia. All developmental agenciesdo SCBA whilefunding
magjor private projects. State governments aso carry out SCBA when luring and approving
new megaprojectsfor the state. For example, development bankslike ICICI, IDBII and
IFCI used amodified LM approach for appraising projects costing morethanfive crore
rupees.

SCBA isavailablefor several projectsinIndia, including the Delhi Metro Project
and the Watershed Development Project in Karnataka.

Thefollowing exampleisthe NCAER study of aPOSCO project in Orissa.

Anexampleof SCBA

TheNCAER study broadly used the ADB/World Bank methodol ogy on the social
cost-benefit with minor adjusmentsfor thelocal parameters. Econometric models
were used to project border prices for useful life of the project. The project’s
impact from the state economy perspective—in terms of theimpact on state GDP
(output multiplier effects) and employment opportunities created within the state
(employment multiplier effects) was al so assessed.

Theoutput multiplier for iron orewasfoundtobel.4 comparedto2.36 for sted. In
other words, every X 1 lakh worth of output in theiron ore sector would result in
¥ 1.41akh of output (including theX 1 1akh output of iron ore) compared toX 2.36
lakh for every< 1 lakh output of stedl. The employment multipliersfor iron oreand
sted work out t00.35 and 0.69 man-yearsrespectively. Therefore, in termsof both
output and employment, stedl hasalarger impact.

These multipliers imply that the Posco project would create an additional
employment of 50,000 person years annually for the next thirty yearsvis-a-vis
870,000 person yearsin thestedl project aternative. In termsof valueaddition, the
iron oreand sted project alternativeswould contribute 1.3 per cent and 11.5 per
cent to Orissa’'s State Gross Domestic Product (or SGDP) by 2016-17 respectively.

Animportant part of the study was the Least Cost Analysis of technol ogy options
in the sted-making, the Finex process that Posco purports to bring and the
traditional blast-furnace technology. The Average Incremental Economic Cost
was used as the yardstick; this was followed by computing the economic IRR
(internal rate of return) to examinewhether the project was economically worthwhile
from the national economy point of view.

TheEIRRfor the Orissaproject works out to 16.6 per cent for base case and even
in the worst case scenario, the EIRR at 13.9 per cent would remain above the
hurdlerate of 12 per cent. The economic impact of the project was estimated at
$2.5hillion at thetest discount rate of 12 per cent.

The significant feature of the study was the estimation of depletion premium or
the opportunity cost for depletable and non-renewable resourceiron orefor the
following reasons:

India’ shigh-grade ore (+ 65 per cent Fe content — Haematite) reserves, proven
and probable, amount to only 0.58 hillion tonnes. And even if wewereto factor in
indicative and inferred reserves (probable/feasible), the total reserves (proven
and possibly future potential) would be only 0.92 hillion tonnes.

India smedium-grade ore(+62 per cent Feto 65 per cent Fe— Haematite) reserves,
proven and probable, isonly 1.3 billion tonnes. Heretoo, if wefactor in indicative
and inferred (probableffeasible and pre-feasibility estimated) reserves, the total
reserves (proven and possibly future potential) will be only 2.8 billion tonnes.




Padlicy Implications Project Analysis

Orissastandstogain significantlyif instead of exporting iron oreit processesit to and Selection
sted within the gate, in termsof both empl oyment generation (17 times), and GDP
impact (9times).

India’shigh and medium gradeiron orereserves may not last morethan 19 years NOTES
even if exports of these grades are frozen at the current level or if thetargets set
out in the draft steel policy are to be met. The economic analysis considered the
depletion premium for high and medium gradeiron ore. Thisisthe opportunity
cost to the national economy of using the depletable resource, which is the
averageincremental cost of depletion premiums computed year-wise.

‘ Any exporter of iron ore of medium and high gradesfrom the state needsto pay
adepletion premium of $27 per tonne. Even thiswould be a sub-optimal policy
from the Stat€ sviewpoint if it can processthemedium and high grade oreto sted.
No such depletion premium has been applied for coking coal asits pricedid not
exhibit any trend before therecent steep price hike.’

‘For the eastern states seeking toraisethe mineral sector’ssharein their GDP, it
may be a good idea to set up processing facilities. It would not be advisable to
alocateiron ore minesthrough open bids or accept increased royalty payments,
even accounting for the depletion premium, compared to the option of processing
iron oreto sted. Future cost-competitiveness and logistical advantage imply that
iron ore-rich states can compete with existing overcapacitiesin the US, Europe
and Japan even after factoring in the capital chargesfor new investments.’

‘Export of iron ore needsto berestricted to grades other than medium and high-
grade ore categories; for instance, export of beneficiated ore from Goa using
inland waterways| ogi sti cs advantages coul d be encouraged. Allowing exports of
high grade ore would facilitate export of steel from existing overcapacitiesin the
US, Europe and Japan to East Asiaat the expense of futurested exportsfrom new
Indian stedl capacitieswhich arelikely to enjoy cost-competitiveness over exigting
overcapacities e sewhere.’

2.8 PROJECT REPORT AND AUDIT

The management information system must evolve to generate the required reports so
that cost, time and work can be monitored. Different levels of the management require
different reports at varying frequencies. Figure 2.2 gives the pictorial idea about the
report requirement at various levels.

Information Reports

Executive summary, milestones, charts,
accomplishments cost plans

Brief, risk analysis, viability Top-

Level

Top-level PERT Chart, Middle-
management brief Level PERT output, tenders, contract
Department-wise plans, Junior- DPR, time and cost
--_.__purchases etc Level e Check Your Progress
i ; : Detailed PERT /
Section information Supervisory-
Level CPM charts 11. What are the

factors that
warrant social cost-

Fig. 2.2 Management Levels and Required Information/Reports benefit analysis?

12. State the three
aternative prices

2.8.1 Types of Project Reports

possible for goods
. . . and services.
There are many reports and information sought on aregular basis aswell as on need
basis. A small list of the three types of reportsisgiven asfollows: Saf Learning
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1. Cost reports
(a) Activity cost report
(b) Cost flow report
(c) Variance report
2. Timeand effortsreports
(a) Timeactivity report
(b) Timeanalysisreport
¢ Programme scheduleand work efforts are highly interrelated
¢ Thesereports provide PERT/CPM-type information
3. Work statusreport
e Statusindex report (thisreport attemptsto combineall the three—cost, time
and work—into asingleindex)
¢ Earned value project management report

Alternatively, thetypes of reports can belisted infive partsasfollows:
1. Financid reports
(& Monthly commitment and expenditure
(b) Monthly cashflow forecast
(c) Monthly bank guarantee position
(d) Monthly outstanding paymentsto consultants, suppliersand contractors
(e) Weekly documentsretired through bank
2. Procurement monthly reports
(@) Order placement details
(b) Pending ordering schedule
(c) Bidsprocessing status
(d) Déliveryforecast
3. Inspection expediting reports
(&) Weekly vendor-wise details status report
(b) Constraintsreport technical and commercial
(c) Exceptionreport
(d) Sub-orderingreport
4. Engineering reports
(@) Documentsrelease and balance status report (monthly)
(b) Bid'stechnical scrutiny and recommendation report
(c) Constructiondrawingsreleaseand statusreport
(d) Operationmanua
(e) Modd
5. Construction and erection reports
() Weekly job-wise, contractor-wise report
(b) Monthly detailed progressreview
(c) Exceptionreport
6. Project management reports
(& Monthly overal review covering the above aspects
(b) Exceptionsand recommendations



The frequency and the details of project control reports are very need specific Project Analysis
and therefore, will vary from firm to firm and from project to project. Some general and Selection
pointsregarding thereportsare outlined asfollows.

Reportson Cost and Time

Reports on actual cost comparison with the budgeted cost and actual time comparison
withthe budgeted time arerelatively straightforward. Theinterpretation of timereports
is relatively easy. The interpretation of the cost report is somewhat different, for the
possibility that if actual costs are less than the budget, quality may have suffered. For
this reason, mere comparison of actual cost with the budgeted cost would be often
misleading, unless we find aunique method of estimating the costsrequirements, inthe
context of both time and quality.

Inmost cases, the cost reports compare‘ actual coststo-date’ with the* budgeted
costsfor thework accomplished to-date’ . Thereports may also show the current estimate
of costsfor the entire project compared to the budgeted cost for the entire project. The
current estimate is obtained by taking the ‘actual costs-to-date’ and adding in it an
estimate of the costs required to completethe project. Thelatter type of reportiscaled
review report. It isauseful way of showing how the project is expected to come out.

It isimportant that actual costsis compared with the budgeted costs of thework
done, which is not necessarily the same as the budgeted costs for thetime period. The
danger of misinterpretationisillustrated in Table 2.10 which shows the actual and the
budgeted costs for a project. As of end September, the actual costs wereX 3,45,000
compared to the budgeted cost of ¥ 3,00,000 which indicates acost overrun of ¥ 45,000.
However, the budgeted cost of the work actually completed through September was
only X 2,60,000, sothetrueoverrunwasz 85,000.

Table 2.10 Cost Variances

NOTES

Month Budgeted | Actual Budgeted cost | Spending | Schedule Total
cost cost for work done | variance variance variance

August 2,25,000 | 2,75,000 2,00,000 -50,000 —25,000 —75,000
September 3,00,000 | 3,45,000 2,60,000 —45,000 —40,000 —85,000
October 3,65,000 | 4,15,000 3,10,000 -50,000 —55,000 —105,000

Note: Negative variance means adverse variance.

Spending variance = Budgeted Costs — Actuad Costs
Scheduled Variance = Budgeted Costs for Work Done — Budgeted Costs
Total Variance = Budgeted Cost for Work Done — Actual Costs (or Spending Variance + Schedule Variance)

2.8.2 Feasibility and Detailed Project Report

Feasbility study report

Feasihility study report isprepared to support theinvestment proposal. Feasibilitiesrelated
to technical, commercia and financial aspects are examined in detail by the experts.
Feasibility study report istermed as atechno-economic feasibility study.

Itisthe primary report for the formulation of theinvestment proposd. Investment
decisions are taken based on the details incorporated in the study. Thus feasibility is
prepared only for the formulation and investment decision-making. The first step in
feasibility study isthe needs analysis. The purposeisto define overall objectives of the
system proposed to be designed. The second and perhaps the most important thing is
systemidentification. Thisisreferred to as activity analysis.
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Feasibility study report contains:
¢ Knowledge of demand and availability of the product
¢ Required sourcesfor thedevelopment of the project
¢ Selection of suitable process and technology
e Fixation of capacity onthe basis of the project
¢ Process description and layout plansfor the project
¢ Availablefacilities and their evaluation
e Capital cost
e Profitability analysis
¢ Project schedule and schedule control
¢ Designand flow diagrams

Thisreport should be submitted to the experts of the concerned departments of operation
such asfinance, commercid, project etc onceit has been made. In case of any differences,
the feasibility study report is discussed with the experts, consultants and is modified
accordingtoit.

A detailed project report is acomplete blueprint for the execution of the project.
Itisthe project implementation guidefor the project team. It describes functions, authority
and activities along the line of time, cost and technica parameters. Thisreport setsthe
standardsfor time, cost and work with which results can belater compared asand when
thework progresses.

2.8.3Project Completion Report

Oncetheproject isterminated and handed over to the operations team, project review is
undertaken. The end result of project review isthe preparation of the project completion
report (PCR). Project completion report isadocument which would giveacomparison
of the actual costs and the time with the originally budgeted ones. The reasons for
deviations are recorded. The initial scope and the level of its attainment are also
documented with observations upon them. The degree of attainment of goal is also
recorded inthe project completion report. It isusually quite detailed and informative.

The contents of aproject-completion report may vary depending upon the type of
project and the perceived benefits from project review activity. The European Commission
uses‘ Seven-Framework-Programme’ for technical review of aproject.

Post-Completion Audit (PCA)

We can aways learn from our past experiences so that we can do better in the future.
Though, project planning isdonewith due care and diligence, not dl thingswould go as
planned. For being competitivein today’sfast changing world, companies need to analyse
theresults of their capital projects after these projects have been implemented, though
bygones are bygones. Post-completion audit may serve as amajor vehicle for project
analysis and also to help reinforce the learning curve for the organization, at least for
sometypes of projects.

M eaning and definition of PCA

‘Audit’ is generaly defined as ‘ an examination of documents and results to find out
whether they areinthedesired order’. Thus, PCA isan attempt at assessing the actual
profile of the given project intermsof results, vis-avistheintended profile of it besides
focussing on whatever mattersthe senior management desires.



M any authors have defined post-completion audit in different ways. Somesuch Project Analysis
definitions lay emphasis on ‘ check ... after the project has been operating for some and Selection
period of time’, or *an audit at some point after the occurrence of transaction’ .

Objectives of PCA NOTES

Post-completion audit of capital projectsis supposed to accomplish at least four primary
objectives.

First, post-completion audit should be animportant financial control mechanism.
It helps provide the means of evaluating— (1) financia and non-financial impact of the
project on the company, whether positive or negative; (2) how the actual results of the
project compare to dataand assumptionsincluded inthe program; (3) future actions that
are necessary or expected regarding the project.

Second, post-completion audit should provide information for future capital
expenditure decisions. Through post-completion audits, managers can detect weaknesses
in their estimating and forecasting techniques as well as their information systems,
essentially for future use.

Third, post-completion audit aims at removing certain psychological and/or palitical
impediments usually associated with asset control and abandonment. Recognition of
post-completion audit asaformal part of capital budgeting process addslegitimacy toit.
L egitimacy to PCA may iminate some of the possible barriersto thelearning process
usually experienced inacorporatelife. A learning organization will have fewer political
processesinit. Objectivity and transparency brought by legitimate PCA would impair
political processes and makethem ineffective.

Thefourth objective of post-completion auditsisto have apsychological impact
ontheindividuas proposing capita investments. In other words, merely knowing that a
formal review of aproject might occur afterwards should encourage many manageria
actions beforehand.

These objectives, thus, render the following benefits to the organi zation:
e Providesa check on personal biases
Improvesthequdity of estimates
Improves productivity, as estimates become goas
| dentifiesfactorsresponsiblefor non-fulfillment of the project’s promises
Givesasense of recognition to thoseinvolved in capita expenditure planning
and control as it shows that the management recognizes the importance of
investment decisions
¢ Improvestheoriginator’s estimating proficiency
e Provides information for subsequent decision-making and can be used for
corrective action if estimates were poor
¢ Holdsestimatorsresponsible and become more careful inforecasting

Itis needlessto say that the most important objective of post-completionauditis
learning lessons for the future; rather than simply faultfinding or fixing blames.
Precautionary care should be taken to avoid misplaced perceptions about PCA. It should
be ensured that people do not consider PCA asthe processfor initiating punitive actions.
Otherwise, that will discourageinitiative and lead to excessive conservatism and may
cause managers to suppress risky projects. PCA should remain educational in nature
and purpose.
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Design of a PCA system

All theprojects need not be audited inthe same detail and PCA isaways project specific.
So, afew managerial decisions, related to PCA haveto betaken. These decisionsare
based on thefollowing questions:

e Whentodesign PCA?

e Should PCA be conducted?

e Who should audit?

¢ When should the audit take place?

¢ What should be audited to audit?

¢ Should thefindings of the PCA be shared?

Thefollowing factors, common to all these questions, would affect their answers:
e Whether asimilar project islikely to be undertaken in ashort period
e Size of the project as compared to the present size of the firm
¢ Stakesinvolved inthe project
e Scope of learning from the PCA
e Strategicimportance of the project to the company
e Portfolio effect of the project under consideration for PCA

When to design PCA

Theoreticdly, the post-completion audit programme should beincorporated in the plan
itself. PCA should be designed at thetime of preparing thefina plan of capita investment.
Tofulfill theobjective of improving thequality of futureinvestment decisions, theorigina
investment proposal should include apost-audit programmethat identifiesthose variables
which could be critical tothe estimated NPV of the project. It may not be cost effective
totrack al subsequent cash flows associated with the project. Consequently, it should be
the responsibility of the planners to single out those elements that have a significant
effect on the estimate of NPV and have a significant potential for variation from the
mean estimates employed for the analysis.

The team entrusted with the task of making a detailed project report (DPR)
should be responsible for pointing to those events that might cause results to differ
substantially from forecasts. Are competitors likely to come to the market with major
capital innovations? What could bethelikely impact of changing environmental protection
rulesor changing energy supplies? What could happen that might result in subsequent
abandonment of the project?Whilethisinformation may help themanagementinappraising
the risks of the proposed project, it will also provide the auditor with clues as to the
causes of variances experienced. Moreover, it permits the auditor to assess whether
variances have resulted from controllable factors or non-controllable ones, whether due
to predictable events or non-predictable events.

Conducting PCA

Should PCA be conducted or not? From a cost benefit perspective, it isimpractical to
think that all capital expenditures must be audited. Hence, companies must be careful
when they pick and choose. One generic approach isto classify assets (projects) into
operating, administrative and strategic categories and to have different decision rulesfor
post-auditing assetswithin each class.



e Operating assetsusualy aretheresponsibility of lower-level managers, are short- Project Analysis
run and routine in nature, involve minor resource commitments and are often and Selection
repetitive. An example might be operating minor office equipment.

o Administrative assets usually are the responsibility of middle mangers, have a
medium duration and require moderate resource commitments. An examplewould
include replacements for manufacturing equipment.

NOTES

o Srategic assets usually are theresponsibility of senior managers, are long-run
and non-routinein nature and require major organizational resource commitments.
Exampleincludesmajor plant and equipment, acquisition of anentire business,
new R& D undertakings and major advertising campaigns.

These criteriaappear to acknowledge that the benefits from post-auditing certain
types of assets should surpass the costsin terms of money, time and effort. Also, afirm
may not conduct PCA in caseof aparticular project if thereis no scopefor learning, or
if similar project is unlikely to be taken up again, or if project istoo small, or for some
other reasons specific to the project.

Who should audit

A person or ateam who would conduct PCA need not be identified at the planning stage,
but certain policy decisions must be taken beforehand. The aternative policy decisions
inthisregard could be:

e Thegroup that evaluates the project may conduct the PCA.
¢ The project team may conduct the PCA.

e Somecther internal groups not associated with project planning and implementation
can conduct PCA.

e A team representing the planning group, the execution group and the neutral
members can be assigned the task.

¢ Anexterna agency can be entrusted with the task.

In certain cases, a firm may decide to assign the task of performing PCA to
asingle person or to ateam of persons. Each of these aternative policies regarding
who should conduct PCA hasits own merits and demerits. We often hear the argument
that individual(s) conducting a post-completion audit should not have been involved in
the process leading to selection of the capita asset under review. That way, according
to thisline of reasoning, the project can be assessed in an unbiased manner. In contrast,
others would argue that managers who are associated with investment decisions are
in a better position to interpret data for audit purpose than independent reviewers.
Either way, if managers have to use the post-completion audit process as a learning
tool for future investments and as a control device for the existing projects (including
the possibility of abandoning some projects), then those individuals who are responsible
for selecting projects need to be informed about the post-completion audit process. In
fact, the choice should depend on the need and the situation of the firm.

When to audit

How often should capital projects be post-audited and at what point initslifethe post-
audit should be conducted? Deciding how often to post-audit capita projectsisinlarge
part determined by the type of project under consideration: for example, because of their
impact on acompany, strategic projects should be post-audited over shorter intervals
than either administrative or operating capital projects. Therisk of an asset aso should
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partly determine post-audit frequency. Generaly speaking, however, the overal emphasis
of apost-audit programme should be onregular and periodic reviews as opposed to one-
time, post-completionreviews.

The timing of post-audit partly depends upon the purpose of the audit. If the
primary purposeis toimprovethe quality of futureinvestment decisions, thenthetrade-
off between the cost of conducting the audit and the value of the lessons to be learned
would suggest that the audit be delayed until an informative track record has been
established. Themoretheinformation available, theless costly should bethe audit process
and the higher the chancethat the results of the audit may contribute to theimprovement
of future investment decisions.

However, if it isanticipated that the audit may set in motion corrective stepsto
changethe scope or the scale of the project, the audit should probably be moved forward
intime. The costs and the errors of estimate of the audit probably decline over time.
Hence, the greater the cost of audit and the greater theincrease over timeinthe expected
value of theinformation gained, the longer the audit should be delayed. However, the
cost of corrective steps rises over time. Thus, greater the probability that acorrective
step will be taken and greater the expected impact of that corrective step onthe present
vaue of the firm, the sooner the audit should be undertaken.

Moreover, multiple post-audits of investment project arejustified primarily if there
isapotential corrective actionto be undertaken. Given theinformation developed inthe
first audit, the desirability of further audits can be envisaged based on the fact that the
information gained will generate acorrective step or would providelearning value for
theorganization. Indian Railwaysfollow the palicy of triple post-audit programme and
conduct post-completion auditsinthesixth, eleventh and sixteenth years of the completion
of major projects. Thetrend of projections coming trueisthe factor, which determines
the next phase of the project. At the sametime, asaresult of the PCA, new projects of
similar type also gaininterms of quality of estimates.

What to audit

Ascited earlier, factors such as size of the project, stake involved, scope of learning and
strategic importance of the project for the organization, should be taken into account
whiledeciding the details of the PCA. A full PCA will conduct inquiry about the strategic
and policy decision dong with questioning assumptionsand MIS, sothat thetrue reasons
for the gap between the actual and the plan can be identified.

Sharing the findings of the PCA

Whether to sharethefindings of the PCA isoneof thevery sensitive decisionsto be taken
by the higher management to whom PCA report is submitted. It is not necessary that the
findings of the PCA be shared with all the concerned parties. The need and sensitivity of
the matter must be taken into account while deciding on this issue. There may exist a
chance that the morde of the project team is badly affected if the PCA findings are
reveded. Such possibilities may be avoided by maintaining secrecy, but therequired action
still hasto beinitiated by thetop authority so that future plansbecomemoreredistic. But,
under such circumstances, the firm should get the post-auditing done by one senior single
officer who was not associated with the project work. It may not be desirableto announce
the outcome of the PCA of the first modernization phase, especidly if itsfinding is not
encouraging, if the project has astrategicimportance; rather thanfinancid, and if thefirm



has already planned afew more phasesof modernizationwhichareinthepipeline. Strategic Proj e:t S/;n:étysis
projectsare such that financial estimates may not bereliable but still they are desirable. and =eecion

PCA Procedure

The auditor of the completed project hasto bevery careful in carrying out the audit. He/ NOTES

shemust ensurethat al procedures arefollowed and that full justiceisdoneto thework.
Some points related to the PCA procedure are described asfollows:

e Collection of appropriate information

The starting point for collecting post-audit information isthe project completion report.
Post-completion audits generally compare the projected datawith the accounting data
collected through regular MIS. The M IS needsto be geared up so that projected cash
flows from the origina capital budget can be compared with the actual cash flows
realized during the period elapsed before the PCA of the project has started. Another
point that needsto be kept inmind isthat theauditor needsto collect information about
the incremental cash flows or the cost, rather than the total cost figures. Incremental
cashflow figuresarereadily availablefor green-field projectsbut it is not so easy for the
projectsinan existing plant. Thedatainthe latter case needsto be appropriately dealt
withto arrive at theincremental cost figures.

e Recasting data

Either collected data or budgeted data should be recast before it is compared. The
significant time gap and a host of factors which were not considered at the budgeting
stage would warrant the recasting of data, for example, inflation should be adjusted
beforevariances are calculated. Sales mix difference dueto externd factorsalso should
be taken into account. In the absence of adjustment for those ‘ external’ factors, the
quality of audit would suffer. Inflation adjustment is explained subsequently inthis section.

e Comparison of projected financial parameterswith actuals

Thisisthe next important step in the post-completion audit procedure. There are four
techniques available for the comparison of the actua with the projected financial
parameters. They are explained subsequently in this unit. Comparison is the starting
point fromwhichthereal audit begins. Only comparable datais compared. Adjustments
arefirst donefor inflation and external factors before comparisonis carried out under
any method. M ethods described later are not mutualy exclusive. M ore than one method
may beapplied for the comparisonif there are such requirements. A broad level ROI or
NPV comparison can bedoneinitialy followed by adetailed cost variance or cash flow
variance analysis. Comparison is astep-by-step approach so that causes areidentified
systematically with minimum cost, timeand energy.

e Establish the possible causes of variance

Oncethevariancefiguresare calculated, if they are significant, the possible causes for
the same are searched. An auditor goes by exceptions and from there hetriesto reach
theroot causes of deviations. This process of investigation can be effective only if the
auditor possesses skills of inquisitiveness and skills of persuasion and negotiation. A
summary report of the PCA findings should also be prepared.

e Final recommendations

Once the causes are ascertained, the post-completion auditor can give his
recommendations based on which the manager may take decisions for cash flow
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forecasting to reinvest or abandon the ongoing project. Hopefully, after post-completion
audit, cash flow prediction and project eval uation become more accurate.

e [nflation adjustment

Bare actual data cannot be easily compared with the original plan data because more
oftenthe planned datais at current price and do not factor the inflationinit. Thedifference
between the two can be partly attributed to inflation. Inflation effect must be removed
from the actual before the data analysis is further carried out. How isinflation effect
removed?A foolproof methodol ogy for the adjustment of inflationisnot available but the
following suggestions can be considered.

1. For abroad level analysis, inflation can be adjusted by calculating profits for
actud period at baselevel margin. Alternatively, baselevel profit canbe cdculated
at actual period margin. OneIndian company conducted a post-compl etion audit
in 198687 for aproject which was planned in 1980-81. As per common practice,
inflation wasignored completely at the planning stage and al budget datawas
based on current price. Data collected for the PCA purpose was:

Gross margin of 1986-87 321,135 1akh

Gross margin of 1980-81 35,122 lakh

Capital expenditure < 36,849 lakh

ROI without inflation adjustment 4346 per cent (21,135 — 5122) +
36,849

Inflation can be adjusted in either the base value or in the current valueto bring
both the values at the sametime. If we adjust inflation in the base valueto bring
it to the current value, then we need to compound the base value at the rate of
inflation for the number of years. Inthisexample, if we assumeaninflation of 10
per cent, the number of yearsis six (198687 less 1980-81).

ROI withinflation adjustment:

Grossmarginof 1986-87 profit at 1980-81 prafitability, using equation 2.24 (present
value equation):

FV
PV::a+iy .. (2.24)

V::4355¥%7=11930
(1+0.1)

ROI =(11,930-5,122) + 36,849 = 18.48%

Gross margin of 198081 profit at 1986-87 profitability using the future value

equation:

FV =PVx(1+i)" ...(2.25)
=5,122x (1+0.10)5=9,074

ROl =(21,135-9,074) = 36,849=32.73%

It isthechoice of the auditor whether to adjust inflationin base year valuesor in
values of the year when the PCA was conducted. The choice has influence on
thecalculation of return oninvestment. It isimplicitly assumed inthis method of
inflation adjustment that, (a) the margin difference is only due to inflationary
effect on income and expenses and (b) there was no change in the sales-mix
during the period.



2. In-depthinflation adjustment would expect the MISto collect item-wise pricesin Project Analysis
the plan year and in the year of the PCA, and to completely recalculate the cost and Selection
of productsat the pricesin any oneof theyears. Most MISsare not geared up to
provide such service. The cost incurred in making inflation adjustment may also
bevery prohibitive. NOTES

The problem of inflation adjustment is more difficult in the projects such as
modernization, rather than expansion or green field projects. Still, the auditor cannot
neglect theinflationary effect, if hewantstoreally find out the learning opportunity from
hisexercise.

PCA Techniques

Therearefour techniques of post-completion audit, namey — (i) cost variance andysis,
(i) profit variance analysis, (iii) cash flow and financia criteriavariance analysis, and
(iv) present value depreciation technique. These are described asfollows:

(i) Cost variance analysis

Inthis method, only project cost (actual and estimated) is studied, revenue aspect is not
included in the audit. This approach is adopted when the PCA is conducted during
execution or just after completion of the project.

(i) Profit variance analysis

In this method, plant-wise profit analysis is carried out by the auditor; the estimated
gain adjusted with inflationary effect is compared with the actual. An important point
to note here is that even if the aggregate of gains (redized and estimated) is the same,
there can be wide variations for individua projects indicating the need for further
investigation.

(iif) Cash flow and financial criteria variance analysis

This method is developed around four schedules. These schedules can provide the
management with the information it needs to find engineering, operational and
administrative costing faults of past projects.

e Profit variance analysis schedule

This scheduleis prepared for the calculation of profit variance between projected and
actual project results. Theinformation for the‘ projected’ columnis obtained from the
approved capita expenditurerequest. Theinformationfor the*actud’ columnisobtained
from regular accounting sources. Supplementary schedules require itemizing and
explaining thebasis of calculation for revenues, costs and expenses need to begiven.

e Cash flow and financial criteria variance analysis schedule

Thisisused for illustrating project cash flow and return variances between the projected
and theactua results. The approved capital expenditure request isagainused for providing
information for the* projected’ column and regular accounting sources for the‘ actual’
column.

e Project cash flow schedule (projected and actual)

Thisisused for showing the projected and actual cash flowsof the project. They illustrate
thetiming of cash flowsto compute payback and to provide net cash flow information
required for the IRR calculation. Each cashflow entry is made according to thetimeit
was projected to be incurred or was actually incurred. The period cash flows are for
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Project Analysis individua quarters, whereas, the cumulative cash flows represent all cash flows for the
and Selection project. The payback point is reached when the cumulative net cash flow equals zero.

e Supplementary schedules

NOTES As mentioned earlier, supplementary schedules provide an explanation to significant
variances. The detailed or supplementary scheduletoit explainsitem-wise variances.
These schedules would look just like variances of regular operating results as onefinds
in management accounting.

(iv) Present value depreciation (PVD) technique

DCF techniques give only a single value of NPV which is for the whole life of the
project. IRR is the average return during the life of the project. But, at the time of
conducting the PCA, the major part of the project lifeis not completed. Then, how can
we compare the actual with the total net present value or the average internal rate of
return? The concept of the present value of depreciation isused in sometechniquesfor
the calculation of year-wise NPV and IRR. ‘ Present value depreciation’ is defined as
the declinein the present value of the expected future cash flow during the year using
IRR asthediscount rate. Two models, namely the IRR model and the NPV model, are
suggested under the technique of present value depreciation. L et us apply this concept
and calculate the year-wise NPV and year-wise IRR in one example.

Example 2.3 Dravid Associates

Dravid Associates deals in sports items. Recently, they have set up a manufacturing
facility. The abstract of capital budget and the actual cash flow inthefirst twoyearsis
giveninTable2.11. The post-completion auditor has estimated the subsequent two years
cash flow. Estimated life of the project is four years. Initial cash outlay is
3 1,34,000.

Table 2.11 Abstract of Capital Budget and Cash Flow of Dravid Associates

Cash Flow
Year Budgeted Actual Projected
1 30,000 25,000
2 50,000 40,000
3 70,000 50,000
4 70,000 50,000

The company’s cost of capital is 15 per cent. Calculate thefollowing:
1. Thenet present value (NPV) and theinternal rate of return (IRR) of the project
2. Thepresent value of depreciation

3. Theyear-wise net present value and the year-wise interna rate of returnfor the
planned figures

4. Theyear-wise net present value and the year-wiseinternal rate of returnfor the
first twoyears actual and the next two years' projected cash flows

5. The net present value and theinternal rate of return variances over the period
Solution:
30,000 50,000 70,000 70,000
+ + +
1.15" 1.15° 115° 115
(1 b) Internal rate of return = 20% per cent (rate at which NPV is zero)

(1 &) Net present value= —134,000 = 15,943
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Before we go into the second step, we need to calculate the uniform annual
series (UAS) for the present value of the cash inflows. The function of the uniform
annual seriesisto convert anon-annuity cash flow into an equivalent annuity cashflow,
sothat both the present value of original cash flow stream aswell as of the UASwill be
equal when discounted at the discount rate. This follows the concept of straight-line
depreciation. Capitd recovery, thus, is constant. Theformulafor uniform annual series
is

PV of CashInflow
PVIAF

Here, PVIAF, = Annuity factor for periodt at therateequal tol, whichisIRRin
this case.

Applying equation 2.26, (a) PV of cashinflow a thelRR rateisequd totheinitia
cash outflow X 1,34,000 and (b) PVIF, . ,is2.5887. Therefore,

UASof PV of Cashinflow at IRR rate=1,34,000 + 2.5887 = 51,763
(2) Calculation of present value of depreciation

UAS =

..(2.26)

Table 2.12 Calculation of Present Value of Depreciation

UAS PVIFg1s5: | Yearl | PVIFgis: | Year2 PVIFo1s: | Year3 | PVIFqss: | Year4
51,763 0.8333 43,136
51,763 0.6944 35,947 | 0.8333 43,135
51,763 0.5787 29,955 | 0.6944 35,946 0.8333 | 43,136
51,763 0.4823 24,963 | 0.5787 29,955 0.6944 | 35,947 0.8333 | 43,136
Total 2.5887 | 1,34,001 1,09,038 79,082 43,136
PV of Depreciation 24,963 29,955 35,947 43,136

Notes.

1 ThePV of depreciation in year-1isthedifference of thetotal in year-1 and year-2. Similar
calculations are used for therest of theyears PV of depreciation. In the last year, the total
value of that year’'s PV isthe PV of depreciation because the subsequent year's PV is zero.

2 AveragelRR and year-wise IRR will beequal if thereisaconstant (annuity) cash flow.
(3a) Year-wise NPV for Planned Data

Table 2.13 Year-wise NPV for Planned Data

Project Analysis
and Selection

NOTES

Beginning | Cash PvVv@15% | PV@IRR 20% | Differencein PV | Year-wise
of the (1) Flow 2) ©) 4=2-03) NPV (5)
Year 1| 30,000 149,943 134,000 15,943 4296
2| 50,000 142,434 130,787 11,647 4791
3| 70,000 1,13,800 1,06,944 6856 4319
4 70,000 60,870 58,333 2537 2537
Notes:

1 Codumn 2 showsthepresent va ueat thecost of capital that will comein the beginning of the
respectiveyear from the cash fl ow expected during the subsequent period. Column-3 cal cul ates
the present values in the beginning of the different yearsat theinternal rate of return.

2 Thedifference between the present value at IRR and the present value at the cost of capital
(column 4) indi cates the present val ue expected to come at that point of timefrom thefuture
cash flow beyond that time.

3 Thesuccessive changein thenet present valuein column-4 indicates how much net present
valueisearned in each year, asshown in column-5.

Self Learning
Material

103



Project Analysis
and Selection

104

NOTES

Self Learning
Material

(3b) Year-wiseIRR for planned data
Table 2.14 Year-wise IRR for Planned Data

Year 1 Year 2 Year 3 Year 4

a. Cash flow 30,000 50,000 70,000 70,000
b. less: PV of Depreciation 24,963 29,955 35,947 43,136
c. Net income for PCA (a- b) 5037 20,045 34,053 26,864
d. Beginning investment 1,34,000 1,34,000 1,34,000 1,34,000
e. Accumulated PV of Depreciation 0 24,963 54,918 90,865
f. Net investment (d-€) 1,34,000 1,09,037 79,082 43,135

IRR (year-wise) (c+f) % 3.76 18.38 43.06) 62.28

Note:

1

Sinceall cash flows occur at the end of the year as per common assumption, the depreciation
expensealso occursat theend of the year. Hence, the accumul ated depreciation in year-1is
zero. During theyear-1, thereisno depreciation. Thefigures of the PV of depreciation come

from part 2 of the solution.

(4@ Year-wise IRR for the actual at PCA Time
Table 2.15 Year-wise IRR for Actual at PCA Time

Actual Projected at PCA Time
Year 1 Year 2 Year 3 Year 4

a. Cash flow 25,000/ 40,000( 50,000 50,000
b. less: PV of Depreciation 24,963| 29,955 35,947 43,136
c. Net income for PCA 37 10,045 14,053 6864
d. Beginning investment 1,34,000( 1,34,000| 1,34,000 1,34,000
e. Accumulated PV of Depreciation 0 24,963 54,918 90,865
f. Net investment (d—€) 1,34,000( 1,09,037| 79,082 43,135
IRR (year-wise) (c + f) % 0.03 9.21 17.77 15.91

(4b) Year-wise NPV for Actual and Projected at PCA Time
Table 2.16 Year-wise NPV for Actual and Projected at PCA Time

Beginning | Cash Flow| PV@15% PV@ | Difference | Year-wise
of the vear IRR 20% in PV NPV
1 25,000 1.13.448( 1.34.000 -20,552 -6345
2 40,000 1,05466( 1,19,673 -14,207 -6286
3 50,000 81,285| 89,206 -7921 -5088
4 50,000 43478| 46,311 -2833 -2833
(5) Variancesin NPV and IRR
Table 2.17 Variances in NPV and IRR
Year NPV IRR (%)
Budgeted Actual Variance | Budgeted | Actual Variance
1 4296 -6345 -10,641 3.76 0.03 -3.73
2 4791 -6286 -11,077 18.38 9.21 -9.17
3 4319 -5088 -9407 43.06 17.77 -25.29
4 2537 -2833 -5370 62.28 15.91 -46.37
Total 15,943 -20,552 -36,495 20.00 7.97 -12.03




One may fedl that the purpose of the PCA can be served by the comparison of
the cash flow and an auditor need not carry out the cumbersome exercise of calculating
the year-wise net present value or year-wise internal rate of return. But, how much
shareholder vaueislost or gained every yesr till the date of conducting post-completion
audit, as compared to what was expected, can only be known if theyear-wise NPV sor
IRRs are compared. The difference in time value will also get reflected if discounted
cash flow methods are used for the purpose of audit.

PCA Investigation

The project completionreport will provide information on the deviationsin the project
cost, time and performance parameters. The variance analysis report will provide
information on the deviations in operating income and cash flows from the project.
Thesereports provide pointersto the PCA auditor. Theexception itemsdraw her attention.
The PCA auditor assumestheinquisitive posture for those exceptions and from there,
shetriesto get to the root of variances. For example:

(i) A low production volume and alow capacity utilization could be attributed to
many factors; some of these would include low demand, inadequate supply of
power, inconsistent supply of raw materials, unavailability of trained workers, low
morale of workers, unsuitable quality of resources, lack of maintenance facility,
unavailability of spares, wrong assessment of technol ogy, poor working conditions,
and soon. Thelist canbelong. If wrong assessment of technology isfound to be
oneof theresponsiblefactors, then the auditor will further investigatein that line.
He/she may find that the assessment of technol ogy went wrong because of many
factors such aslack of expertise of the study group members, negligence of the
study group, the study group studied the technology but the study sample was of
much less capacity than planned for the company, the study sampleworked ina
different environment but that aspect was not considered, the study group was
more eager and biased for the proposd either because some members had vested
interest init or because the CEO had shown keen interest in the project.

(i) Thelow order booking may have beenthefactor responsiblefor thelow production.
Further inquiry inthis direction may reveal that one or some of thefactorswere
primarily responsible for it, for example, low demand could be due to reasons
such as wrong assessment of market and competition, unsuitability of quality,
segmentation problem, weaknessin deciding themarketing policies, non-recognition
of business palitics, fallurein estimating demand-sensitive factors, lack of effort
onthepart of marketing staff, lack of coordination between the advertising, other
sales promotion efforts, sales promation material, channel of distribution, training
of sales staff and others. The auditor hasto carefully isolate the factors primarily
responsible for the lack of order booking.

The auditor might aswell haveto question even the choice of project vis-a-visits
alternatives. Theauditor hasto be careful at this stage. Though abroad-based opinion
about the appropriateness of the current choice over its alternatives can be possible if
the project similar to the one not accepted by the firm is experimented by another firm
and itsdataisavailable. Still it may be advisable to desist from such comparison. Any
amount of such comparisonwould befutile and inappropriate because the actual data of
the foregone projectsisjust not availablefor comparison. Therefore, the auditor should
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restrict hisinvestigation to the project that is selected, implemented and commissioned
and should not go into comparing the accepted project with theforegone projects.

Theinvestigative skills of the PCA auditor may take her from the apparent causes
revealed in the post-completion report and the variance analysis report to the root of
causes. Theinvestigative skill of the auditor is of vital importancein carrying out this
immensely important step of the audit. Inthe process of investigation, the auditor would
guestion policies, factors considered in designing the policies, role of people and their
equationswith other people, organizationd system and culture, procedures, assumptions
andtheir basis, forecast and calculations. Everything and every one come under scrutiny.

Some Issues in PCA
Thefollowing issues are dso important, though some of them are repeated:
1. Cost of PCA

o A PCA teamwill include some professional and supporting clerical staff. Salary
paid and other expenses borne onthem would form a part of the PCA cost.

e Another cost element isassociated with accumulation, storage and maintenance
of volumes of auditable data.

¢ Aslong asthe post-completion audit ison, the project team isworried and anxious
psychologically. It alsoleads to distraction from their project work.

o Another cost of PCA would be the dip in the morale of the project team if the
audit report were not written inaconstructive tone. A vindictive approach would
be counterproductive.

2. Human issues

Most of the issues related to the human aspects of post-completion audit are raised
earlier while discussing the policy aspects of the post-completion audit. They arebriefly
mentioned herefor laying emphasis.

e Faultfinding approach vsconstructiveappr oach: The post-completion auditor
has to ensure that people do not perceive hissher function as the faultfinding
mission. A constructive approach is necessary for deriving the best out of the
PCA activity.

e Whether theauditor should beindependent of the project team or part of
it: Each hasits own advantages and disadvantages. An external auditor islikely
tobeobjectiveand impartid. But, if the project isdesignedin phases, while auditing
the first phase, an auditor who is part of the project team can gain valuable
insightswhich will be beneficial inthe succeeding phases.

e Whether to share audit findings: If the findings are adverse, care should be
taken while sharing the audit findings so that it does not affect the project team
morale (who might beworking on some other project). Further, theaudit findings
of the projects of astrategic naturewhich are crucia to the future of acompany
need to be shared selectively.

e Whether one-member or multi-member audit team: Thisdecisionis often
made on the basis of whether the audit findings need to be shared with afew or
many.



e Fears of the project team members: As regards the externa auditor, they Pfoiegt S/;n:ét)'sis
may fear that the auditor would not understand severd intricateissues of practica an on
significance. For internal auditors, they may fedl that the auditor has some personal

motive or anaxeto grind.

e Sometimes, project team members may pursuetheir ownindividua motivesthat NOTES

may bein conflict with the company goals.

¢ Auditors should avoid being embroiled in conflicts and rivalries among project
team members.

3. Limitations of PCA

e Lack of incremental costing information, especialy for projectsin existing plants,
iscommon. Theregular MISisgeared to obtaining full costing information.

¢ For mutually exclusive projects, theactua datafor theforegone alternativeis not
available. This makes comparison almost impossible. The auditor cannot really
verify whether the chosen alternative was right as compared to the previous one.

¢ While comparing therealized data with the predicted performance of the project,
ordinarily the performance realizablein theabsence of the project isignored. This
leads to only one-sided operationa comparisons.

¢ |nmany companies, discounted cash flow techniques are used during cash flow
estimation, but the sameis not used during the PCA. This discrepancy leads to
inaccurate audit findings.

o |f theintentions of the management while having the audit conducted isnot bona
fideor if they were defensive about the audit results, the audit would not serveits
purpose.

¢ Another obviouslimitation of PCA isthecredibility of theproject teaminthe eyes
of the management.

PCR and PCA Format

Comprehensiveness and readability of fina reportisimportant. Thedetailsinreport will
depend onwho getsthereport.

Project Report for Obtaining Finance

A firm needs to prepare abusiness plan or aproject report or aprospectus for obtaining
fundsfor financing aproject. Lending ingtitutions require submission of adetailed set of
documents for their evaluation so that they can take a decision whether to finance the
project or not. If public issue of security is planned, then one must prepare the ‘ offer
document’ or the " prospectus’ as per the guidelinesissued by SEBI. Contents of reports
submitted along with loan application tolending institutions and contents of prospectus
are quite similar because both documents attempt to convince the potential supplier of
funds about theworth of the project. Application for funds must provide thefollowing
information:

1. About the promoters

2. About the management and management structure
3. Company background

4. Activitiesand past performance of the company
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13. What are the
components of a
financia report?

14. What is a detailed
project report?
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10.

12.

13.
14.
15.

. Detailsof projects currently under implementation along with their financing
. About the project

e Typeof project and project capacity

e Technical arrangements

e Locationand site

¢ Resourceplanning (material, |abour, power)
¢ Implementation schedule

. Marketing plan

e Demand analysis, domestic and export
e Supply analysis

e Market potentia

e Sdling arrangement, if any

. Production cost estimates and sal es estimates, along with detailed assumptions
. Financid information

¢ Breakdown of project cost
e Meansof financing

e Details on the proposal for raising share capital, loans and debentures
(including arrangements made sofar)

e Promoters contribution and list of peoplewhowill provide promoters share

e Details of securities proposed

e If interna fundsare planned, give estimates and the basis for estimates

Project cash flow projection ontimeline (at least for the period of loan)

e Depreciation schedule as per CompaniesAct and as per Income Tax Act

e Amortization schedules, if any

¢ Working capital schedule

e Projected income statementsfor business without new project and with new
project

e Projected balance sheets for business without new project and with new
project

e Cashflow estimate

. Financial evauation

¢ Break-even calculation
e Interest cover ratio (times-interest-earned)
e Debt-service cover ratio (DSCR)
¢ Returnoninvestment (ROI) caculation
e Internal rate of return (IRR) calculation
Risk assessment
e Sengitivity analysis
Socio-economicimpact of the project with all details
Environmental impact of the project
Status of government consents

Please note that internal project evaluation and financial plan presented to the

funding agency need not bethe same, for example, internal project evaluationisdonefor
thelife of the project, whereas, loan agencies want financial projectionsfor the period



equal to theloan period; for internal purposes one may use evaluation techniques like Project Analysis
payback period and net present value, whereas, funding agencies may want calculation and Selection
of internal rate of return. There are several reasons why financia plan for internal

purpose and for funding purpose has to be different.

NOTES

29 SUMMING UP

e Eachopportunity of investment is considered ‘ capital expenditure’ but not aproject.
In an efficient investment analysis, one should identify all opportunities, group
them on the basis of their dependence on each other and then devel op dternative
sets of projects beforetaking aproject decision.

e The investment proposal, which originates from various departments, is the
opportunity.
e The process of grouping opportunitiesis called formation of projects.

¢ Economic dependence may be of two types in the context of time: (a) two or
moreopportunities are present at the same point of time and they are economically
dependent on each other and (b) some future opportunity may be dependent on
the present opportunity.

e Thepurpose of Project Initiation isto evaluate proposed projectsand toreacha
consensus on the projects that are to be selected.

e Market analysis aims at assessing the potential sales revenue from a proposed
project. It isalso known as market-feasibility study.

¢ Situational analysisisespecialy important if the project proposal isfor enhancing
the capacity. It isimportant where the project proposal involves production and
sale of new products and services—new for the company but not new in the
market.

¢ Demand projectionis one of themaost important stepsinaproject feasibility study.

e The past trend of supply of goods can be studied and further extrapolated.
Projections so made need to be adjusted with the hel p of additional information
like new projects planned by businesses in the economy, import possibility as
governed by import palicy, import tariff and international prices.

¢ A generic model of situational analysisis popularly known as SWOT analysis,
where
S = Strength; W = Weakness; O = Opportunities; T = Threats

¢ A key aspect of any decision-making situation lies in being able to predict the
circumstances that surround the decision and that situation.

e Where one or few independent factors may not have explanatory power for
demand, just the pattern of demand over time can be studied for forecasting
pUrposes.

o |f thereisan amplemarket demand and not enough supply, thefocus should shift
totechnology.

¢ Thetechnology transfer issue hasto be addressed in adual fashion—(a) Whether

the transfer of technology is possible from the political angle and (b) whether
transfer of technology is possible from the operations (environment) angle.
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e Therequired rate of return should beat least equal to the returnsfrom theforegone
opportunity (opportunity cost). This is theoretically the best cut-off rate. It is
theoretical because in most situations, the opportunity isforegoneand itsreturns
arenot ascertainable. In addition, the opportunity cost approach does not consider
the presence of risk premium inthe discount rate of the opportunities.

e Theprocess of building logic (also known asinformation or knowledge through
market research, test marketing, etc.) isalso the process of reducing risk. Thus,
somerisk can bemitigated at the stage of the designing of the project.

¢ The concept of economic rate of return can be expanded to encompass the social
cost and benefits, thereby calculate the socia rate of return. This method of
project evaluationisalso popularly knownas socid cost-benefit analysis(SCBA).

¢ All agencies that aim at social welfare, such as government and international
institutions like theWorld Bank, International Monetary Fund and UNIDO use
social cost-benefit analysis for the evaluation of projects.

e A project, which results in effective redistribution of income, is more valuable
than those projects where incomeis concentrated in afew hands.

e SCBAscarriedout indetail inIndia All developmental agenciesdo SCBA while
funding major private projects. State governments also carry out SCBA when
luring and approving new mega projects for the state.

e Oncethe project is terminated and handed over to the operations team, project
review is undertaken. The end result of project review isthe preparation of the
project completion report (PCR). Project completion report isadocument which
would give a comparison of the actual costs and the time with the originaly
budgeted ones.

e ‘Audit’ isgeneraly defined as* an examination of documents and resultstofind
out whether they areinthe desired order’. Thus, PCA isan attempt at assessing
the actual profile of the given project in terms of results, vis-&vistheintended
profileof it besides focussing onwhatever mattersthe senior management desires.

e There are four techniques of post-completion audit, namely: (i) cost variance
analysis, (i) profit variance anaysis, (iii) cash flow and financid criteriaandysis,
and (iv) present value depreciation technique.

210 KEY TERMS

e Operating cash flow: Thecashflow that occurs after aproject is commissioned
iscalled operating cash flow.

e Payback period (PBP): Payback period is defined as the number of years
required for recovering the origina cash outlay invested inaproject.

e PCR: Project completion report is a document that gives a comparison of the
actual costs and thetimewith the originally budgeted ones

211 ANSWERSTO ‘CHECK YOUR PROGRESS

1. Economic dependence can beinfour forms:
(1) Postivesynergy emanating from theacceptance of two or more opportunities.
(i) Negative synergy, when more than one opportunity is simultaneously
accepted.



10.

(i) Acceptance of oneautomaticaly resultsinrejection of the other, evenif the
other is profitable.

(iv) Stochastic dependence, where uncertainty is considered.

. Indigenous manufacturing of goods currently imported is advantageousfor severd

reasons.
(i) Itimprovesthe balance of payments situation.
(i) It providesmarket for supporting industries and services.
(i) It generates employment.

. The purpose of project initiation isto evaluate proposed projectsand toreach a

consensus on the projects that are to be selected.

. Theproject initiation document answersthefollowing questions:

(i) What doesthe project aim to achieve?
(i) Why itisimportant to achieveit?
(i) Who will be involved in managing the process and what are their
responsibilities?
(iv) How and whenwill the project be undertaken?

. Market analysis aims at assessing the potential sales revenue from a proposed

project.

. Situational analysisisespecialy important if the project proposal isfor enhancing

the capacity. It isimportant wherethe project proposal involves production and
sale of new products and services—new for the company but not new in the
market.

. The success of technology transfer depends on the temperature level, moisture

level, qudity of amaosphere, quality of materia, method of work and skill of |abour,
power supply quality and ahost of other variables, which may be uniquefor each
user.

. A technology that has an alternate use is better because if the company is not

ableto achieveits salestarget, it can always change the product and establish it
in a different market. For example, a company engaged in the business of
manufacturing glass-lining equipment for chemica industry can useseverd of its
processes to manufacture concrete-mixing machines.

. The cut-off decision is abenchmark against which the project cash flow stream

iscompared to determine whether the project would attainitsfinancial goal.

Theyield to maturity (Y TM) istheyield (return) of an investor who buys the
outstanding bonds at the current price and holds them up to maturity.

. Thefollowing factorswarrant social cost-benefit analysis:

(i) Marketimperfection
(i) Taxesand subsidies
(iif) Concernfor savings
(iv) Concernfor redistribution

. Therearethree dternative prices possiblefor goods and services, namely:

(i) Market (producer’s) price
(i) Free-tradeprice (world price)
(iif) Shadow and second best shadow price
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13. The components of afinancial report arethefollowing:
(i) Monthly commitment and expenditure
(i) Monthly cashflow forecast
(i) Monthly bank guarantee position
(iv) Monthly outstanding paymentsto consultants, suppliersand contractors
(V) Weekly documentsretired through bank
14. A detailed project report isacomplete blueprint for the execution of the project.
Itisthe project implementation guidefor the project team. It describes functions,
authority and activitiesalong theline of time, cost and technical parameters. This

report setsthe standards for time, cost and work with which results can be later
compared as and when thework progresses.

2.12 QUESTIONSAND EXERCISES

Short-Answer Questions

1. What isleading indicator method?

2. What arethethree purposes of financing mix decision?

3. Distinguish between operating cash flow and terminal cash flow.
4. Write ashort note on risk assessment.

Long-Answer Questions

1. Discuss some of the methods used in ‘ Causal model-based forecast’ .

2. Explainthefour basic decisionsthat should take place before any financia andysis
iscarried out.

3. Describethe UNIDO and LM approachesto SCBA.
4. Explainthe concept of Post-CompletionAudit.
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3.0 INTRODUCTION

Project planning is that component of project management, which is linked to the use
of schedules like Gantt charts and PERT (project evaluation and review technique) charts
to plan and consequently convey the progress within the project setting. To begin with,
the project span is outlined and the appropriate methods for completing the project are
determined. Next, the timeslots for a variety of tasks essential to complete the work are
scheduled and clustered into a work division configuration.

Project planning is usually used to systematize numerous zones of a project,
inclusive of project plans, work-loads and the administration of teams and personnel. The
logical interdependence between tasks is specified with the help of an activity network
diagram that facilitates identification of the crucial path. Project planning is intrinsically
tentative as it has to be carried out prior to the actual start of the project. Hence, the
length of the tasks is generally anticipated using a weighted average of positive, standard
and negative cases.

Project scheduling is the tool concerned with the techniques that can be employed
to manage the activities that need to be undertaken during the development of a project
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in order to get it ready on time. Float or slack time in project scheduling can be gauged
with the help of project management software. Following this, the required resources can
be estimated and expense for every activity can be distributed to every resource, thereby
reaching upon the total project cost. This is when the project scheduling may be revamped
to get the optimum equilibrium between utilization of the resource and duration of the
project to conform to the project goals.

After being confirmed and approved, the project schedule gets transformed to
the baseline schedule. Developments will be measured against the baseline schedule all
through the life of the project. Evaluate progress corresponding to the baseline schedule
is called earned value management. The contributions of the project planning phase
comprise the project charter and the concept proposal. The outputs of the project planning
phase consist of project requirements, project schedule and the project management
plan.

3.1 OBJECTIVES

After going through this unit, you will be able to:
¢ Explain the various methods used for planning resources
e Discuss project organizing
¢ Describe the various techniques involved in project scheduling

¢ Explain the concept of Network/PERT analysis

3.2 PLANNING RESOURCES

Work structure planning and arrangement of work packages in network to identify slacks
and early and late start of activities are meant for resource planning and levelling. Here,
we will briefly outline three major resources, namely machine and equipment supply,
material procurement and manpower planning.

Engineering Design and Erection Plan

Presumably, the plan for the project specifies the end product that is desired and in some
cases it may contain considerable details about the components that make the end product.
Such information provides the basis for constructing work packages and specifying their
contents. In many cases, however, the nature of the work packages cannot be determined
simply from the specifications for the end product and engineers must develop a concrete
plan, perhaps working backward from the end product first to its components and then
to the activities that are required in order to obtain such a component. This process
finally culminates in a detailed engineering design and erection plan.

The engineering design would detail all specifications like size, shape, thickness,
alloy characteristics and properties and functionalities of every piece included in a machine
or equipment and their sub-parts. Erection plan is a step-by-step process of putting all
pieces together with the stages of testing and experimentations. The actual idea of time
needed for completing an activity and interdependence of a given activity with other
activities and cost of activities becomes clear only after the engineering design and the
erection plan is prepared. We can call this aspect as the quality and technical performance
aspect of the project.



. . . Project PI i
3.2.1 Planning of Physical Resources Equipment Supply ;fr’lld Sch;':ﬂ:gg

Projects involve significant investments in machines and equipment, which may be either
the core assets for the project or the support assets. The capacity of each machine, the
balancing of equipment and the technical specifications are very important in the purchase NOTES
of machines and equipment. More often than not, machines and equipment have to be
fabricated as per specifications. Specialist fabricators with excellent track record and
transportation of fabricated machines either in full or in knock-down condition, together
with cost are the issues of greater concerns in the planning of equipment supply. Equipment
needed for activities on critical path has to get better attention and close follow-up from
the procurement team. Contracts with fabricators are the main driving factors in the
successful acquisition of machines and equipment.

M aterial Procurement

Project construction involves procurement of thousands of special material that the
business would not keep for its routine activities. Vendors may be unknown and their
reliability uncertain. A procurement team has to develop vendors for various material
items and buy the resources as and when needed.

3.2.2 Planning of Human Resources Manpower Planning

Manpower with different skills and experience would be in demand at different times of
project construction. Some scarce manpower would raise the issue of its allocation,
which would have a bearing on the project activities’ start and end dates. Ifthe firm is
drawing some or all manpower resources for routine business operations, then coordination
with operations would be an added challenge.

3.2.3Planning of Financial Resources Budgeting

Project budget has two components in it, cost and cash flow. Cash flow budget is required
for liquidity planning and for obtaining funds in time. A budget offer has to work in close
coordination with the technical staff who prepare project network and with the
procurement officers.

PERT-cost

Project budgeting can improve with PERT-cost. This helps in developing a critical path
that is optimum considering both the time and the cost aspects jointly for planning purposes,
as it is supposed to provide cost-time trade-off. For control purposes, it is supposed to
provide a basis for analysing actual time and actual costs jointly. It also helps in determining
the cash flow requirement during the course of the project.

PERT-cost is so complicated that it often loses practical application. In order to
control time, the work packages must be quite small but difficulty is experienced in
estimating the cost of each small work package.

Bdl Curve

Ifthe budgeted cost and the cash flow, prepared in conjunction with the network and the
resource plans, are depicted on a chart over the timeline (or activities on critical path),
one of the two common patterns is likely to appear. It would be either a bell curve or an
S-curve. The costs (or cash flow) depicted over the timeline is likely to be a bell curve as
shown in Figure 3.1.
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Costs

Time
Fig. 3.1 Bell Curve of Costsover Time

The goal of the procurement officer should be to either flatten the bell curve or to make
it slowly rising towards the end, like a hockey stick. That will save costs in terms of time
value of money. The bell curve can be adjusted by reviewing slacks and determining late
start and late finish of activity together with crashing of activities.

S-Curve

The project costs accumulated over time would show S-curve shape as depicted in
Figure 3.2. S-curve initially rises slowly, followed by a steep rise and then tapers down.
This is aresult of bell shaped periodic expenses on project construction.

The goal should be to achieve the rising part of the S-curve as late in the project
construction as possible to help minimize the opportunity costs. This again emphasizes
on the network design and the coordination among technical staff and procurement
staff.

Before producing a resource allocation plan, we should list the resources that will
be required along with the expected level of demand. The resource requirement list
should be as comprehensive as possible.

Cumulative Costs

Time
Fig. 3.2 S-Curve of Cumulative Costsover Time

After aresource requirement list has been prepared, the next stage is to map this
to the activity plan to access the distribution of resources required over the duration of



the project. It is better to represent the activity plan as a bar chart and use this to
produce resource histogram for each resource.

In practice, resources have to be allocated to a project on an activity-by-activity
basis and finding the best allocation is time-consuming and difficult. As soon as a member
of the project team is allocated an activity, that activity acquires a start and finish dates
on the schedule. Thus, allocating a resource to one activity limits the flexibility for resource
allocation and scheduling for other activities.

Resource Levelling

The network diagram drawn based on the work breakdown structure and the critical
path identified on it, both are based on ideal condition of abundance of resources. The
network plan is a time schedule and not the resource utilization plan. The resources
requirement determined by the ideal network plan is called resour ce loading with
reference to time. The resource loading may face two situations:

e The need for a particular resource may vary over time. Often, the need for a
resource may vary between 70 per cent and 120 per cent. This means that resource
may remain idle sometime, whereas, some other time the same resource may be
simply non-available for some task because it is more in demand. By adjusting the
project schedule (network plan) through the use of slack (early start and late start
of non-critical activities) it may be possible to make efficient use of the resource.
This is called resour ce smoothing. Resource smoothing does not delay the
project completion time, but it reallocates the resources as a result of which
schedule of activities change within the available slack time.

¢ Resource loading does not consider the cost implications. It is possible that the
resources are available as per the loading needs, but the cost of resources may
not be at the minimum level. The resource levelling aims at reallocation of resources,
and as a result the rescheduling of activities also, to minimize the cost of project.
As a general rule, an early consumption of resources costs more than the late
consumption. Even the cost-implications of delayed completion is considered and
if late completion is found cost-effective, the network plan and critical path may
be changed.

Resource smoothing and levelling can be done using either the heuristic methods or
optimization models. Heuristic methods are judgmental and intuitive. They use thumb
rules but are often effective in complex situation. Some examples of heuristic approach
for resource smoothing and levelling are the late or an early start of some activities,
taking up short and simple activities first, completing those activities early which consume
less resource, assigning different resources, changing task dependency, removing or
adding tasks, etc. Optimization models include mathematical models like linear
programming, but it is very difficult to apply them in a complex activity structure. Most
project planning software offer resource smoothing and resource levelling features.

3.3 PROJECT ORGANIZING

A firm, especially a large one, has to set up a system to facilitate the process of idea
generation, for testing ideas, evaluating them and subsequently executing them for better
effectiveness.
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1. What is erection
plan?

2. What are the two
components of
project budget?

3. Define resource
loading.
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System for Idea Generation

A proactive organization builds a strong system for idea generation. An example is given
in Table 3.1.
Table 3.1 Systemsfor Idea Generation

Formal system — A management committee

Planning department or group

Strategy group

Periodic strategic planning exercise
Management audit (also cost audit and functional audit)
Periodic consulting by external expert
Target costing mechanism

Slack management system

Semi-formal system — Suggestion box system and committees
Innovation committees

Joint departmental committees

Quality circles

Dialogue session and open house

Value engineering groups

Task forces and individual reports/proposals
Informal system — Individual experiments

Individuals encouraged to work as task force

Formal and semi-formal systems would work better if a very clearly shared vision
is evolved and if a strategic planning process is in place to provide a trickledown effect
of strategic plans in the entire organization. In an informal system, individuals are
empowered to think and act creatively. A large fertilizer firm in Gujarat created managerial
slack and built a system for slack management, in which even individuals are encouraged
to envision and work on their own ideas that can help the company.

Objectives of an Organizational System

Clarity of goals and objectives are prerequisites for organizational effectiveness. A large
organization aims at the following objectives while designing the capital budgeting system:

¢ Delegating authority for timely decision without creating lack of harmony

¢ Conducting efficient investment analysis by generating alternatives and making
proposed opportunities holistic

¢ Studying the risk involved in the proposed project and deciding on the suitable
decision criteria
e Removing bias in estimates, as those who propose projects are more likely to
show upward bias on benefits and downward bias on costs of the project
e Bringing transparency in action
Process and Authorities Involved

Consider the example of company which has classified investment schemes as ‘major
schemes’ and ‘minor schemes’. The other two classifications, namely ‘equipment and
furniture scheme’ and ‘repair and maintenance scheme’ are delegated to the discretion
of the concerned department. Figures 3.3(a) and 3.3(b) show the process and authorities
involved in a major scheme and a minor scheme respectively.



Project Cell —_— Engineering Division
f |
Department Project Department
! |
Those Who Propose Cost Control and Planning
Department
|
Director of Budget

|

Study Group » Capital Expenditure
Control Committee

|

Department Head (for schemes <3 1 crore) or
Board of Directors (for schemes > X 1 crore)

Fig. 3.3(a) Processand Authorities: Major Schemes

Cost Control and Director of Respective Vice-
Planning Department »  Budget ————» President
Department Department Head
Those Who Propose

Fig. 3.3(b) Processand Authorities: Minor Schemes

This structure takes the entire process up to the allocation of funds over the
competing projects. The process begins with the department level review (brainstorming).
The project cell, the engineering department and the project department are involved in
the major schemes, but not in the minor schemes. The project cell receives several
proposals from the different departments and is better positioned to determine suitability
of the proposals if there are mutually exclusive ones. The engineering department may
verify the proposal from the technical standpoint before the proposal goes to the cost
control and planning department for estimating the financial implications. The director of
budget allocates limited funds over the competing projects and the proposals that get
budgetary allocation go to the capital expenditure control committee, who appoint one or
more study groups depending upon the position of the proposal on the decision-grid. The
study groups collect data that is more precise, conduct risk analysis and come up with a
design of the project. After the study group has designed the project, it is assigned to the
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respective department if the investment is less than the prescribed amount. Otherwise,
itis referred to the board of directors for formal approval. Now, a detailed project report
is prepared and a project team is formed for the implementation of the project often
approved by the board of directors.

Project Management Organizations

A firm would require a right type of organization structure for the construction of a
project. The firm would have one organization structure, which would suit the needs of
routine operations. Project structure is superimposed on the existing organization structure.
The overlapping of the two structures does create problems.

Issuesin Project Organization

The firm has to answer the following questions while making the choice of project
organization:

e How much independence should be given to the project team?

e Where should a project organization fit in the total organization?

e How should people be assigned to the project?

e What directive/authority should managers have (i.e., degree of empowerment)?

Answers to these questions will be somewhat different in different forms of organizations.
A survey of the Fortune 500 companies in 1982 revealed the following regarding project
organization and powers for project team:

¢ A majority of companies must obtain authorization for capital projects above certain
limits (limit averaged $136,000).

¢ Inmost others, all capital expenditures must have received corporate approval or
have been previously authorized in the budget.

¢ Only in a few cases, divisions were allowed to raise finances externally and that
too only from short-term sources.

e The main reason given was that capital investment decisions were of such
importance for the whole organization that they required central control.

e Divisional managers, however, do have substantial influence over projects submitted
for authorization and thus, formal authorization was seen as corporate monitoring
of decisions that are essentially the responsibility of divisional managers (on
account of the concept of ‘investment centres’ being followed).

e Informal concepts with central management assured great significance for the
entrepreneurial spirit of divisional managers as it helped them know which proposals
would be accepted.

e The principle of ‘delegation within guidelines’ helped to maintain the balance
mentioned earlier.

3.3.1 Types of Organization Structure

Project organization can be set up in different forms. Various types of organization are:
¢ Functional organization
e Divisionalized organization

e Projectized organization



e Matrix organization
e Task force organization

The issues in some of these types of organizations are discussed hereafter.
1. Functional Organization

When activities are divided on the basis of functions of the organization, it is called
‘functional organization’. This may allow recruitment of subject expertise but at the
same time it may result in a greater coordination problem causing lesser control. This
type of organization is desirable where repetitive work has to be handled. Project activities
are not repetitive and hence, functional type of organization is hardly suitable for project
construction. A simplified functional organization chart will look like the one given in
Figure 3 .4.

Head Office
I

I 1 1

Manufacturing Accounts and Finance Marketing

Fig. 3.4 A Smple Functional Organizational Chart

2. Divisional Organization

Some firms are either too large or too dispersed in terms of geographical area and
product or market that may not be convenient for a complete functional organization.
These firms create subunits or divisions. Each division works as almost a separate firm,
though a high degree of coordination with head office is maintained. Divisional activities
are classified on functional basis. This type of organization is also suitable for routine
work, rather than project work.

Initially, divisions are created as profit-centres with powers to determine the price
of their goods and services and powers to decide on expenses and with responsibilities
of earning profits. The divisions do not enjoy powers to decide their own capital budget,
except minor capital expenditures. Profit-centre divisions are usually subject to the
following capital expenditure controls:

¢ Broad guidelines are issued to divisions, which are then expected to produce
long-term projects in consonance with the established corporate objectives.

¢ Once the budgets are presented to the corporate management, financial analysis
like discounted cash flows and accounting rate of return (ARR) are calculated
for the evaluation of the division’s proposals. The second level of control, therefore,
envisages the formal authorization and since divisional managers know the required
rates, they would present for consideration only such proposals, which meet the
criteria. In addition, while authorizing, not merely financial details are considered
but non-financial aspects are also considered.

e The third level of control involves post completion audit. This ensures that the
estimates are not overstated, as they will be subject to an unbiased audit. Post
completion audit reinforces corporate guidelines.

Over a time, divisions become investment-centres and enjoy capital expenditure powers.
Most firms do not fully practice the investment centre concept. However, where the
investment centre concept is truly followed, the head office will issue only broad guidelines

Project Planning

and Scheduling
NOTES
Self Learning
Material 121



Project Planning
and Scheduling

NOTES

Self Learning

122 Material

and provide funds for the projects. The divisions decide their investment at their full
discretion and will be held responsible for the earnings of return on investment or for
creation of shareholder value. A simple divisional organizational chart is given in Figure
3.5. As younotice, the divisions are organized similar to a functional organization.

| Head Office I
[ HO Finance ]——[ HO HR ]

I ]
Chemicals e L Pharmaceutical
... Fertilizer Division ...
Division Division
I

| | 1
[Manufacturing] [ Marketing ] [ Finance ] [ HR ]

Fig. 3.5 A Smple Divisional Organizational Chart

3. Projectized Organization

A projectized organization is a completely autonomous structure. In this structure, a
project manager takes the full responsibility for the construction of a project. He has
under him, a complete team of people who are capable of carrying out various expert
jobs required as a part of the project. The project team works independently. This type
of structure is advisable where, (a) the project has to be completed at a different location
than the existing operations of the firm, (b) maximum control and flexibility is required
and (c) the project requires different accounting policies and procedures. The projectized
structure will look like the one depicted in Figure 3.6.

CEO

( ™\ Ve N
XYZ Project Eneineerin , S
Manager gineering Finance Administration

. J \ J

[ 1 1

4 N\ ' N\
[ Engineering J Finance Administration

N J \ J

Fig. 3.6 Projectized Sructure of Organization

4. Matrix Organization

In a matrix organization, the project team and the different functional departments enjoy
the authority to work together on the project. There are two types of matrix organizations:

e Matrix project organization with strong project functional management:
The project manager includes functional heads in his team who liaison between
him and the respective functional departments to expedite the work. This type
may be most suitable in a mature firm, which is accustomed to project
management and where good understanding of the total requirement is prevails.



e Matrix project organization with normal functional management:
Coordination is normal in this type of organization. The requirements of a project
are taken care of along with routine demands in the functional departments. This
type is suitable where complicated planning and decision-making is required and
where a project plan can be broken into relatively unrelated tasks for the functional
departments.

The dual responsibilities in this type of organization would appear as depicted in
Figure 3.7.
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Fig. 3.7 Responsibility Matrix in Matrix Organization

Management control problems are the most severe in the matrix organization. The project
manager has the responsibility for the project but does not have the corresponding authority
over the resources used in the project. The interests of project managers often do not
coincide with those of functional managers. Project managers want full attention given
to their projects, while functional managers must take into account all the projects in
which their departments are involved. Planning is complicated in the matrix organization
for the interrelationship between the project and the functional responsibility centres that
provide resources of complications.

5. Task Force Organization

In this type of organization, a special task force is formed with the responsibility to see
that the project is successfully completed. The task force is not subject to internal rules
and procedures. Its main goal is to perform the task assigned to it. The project manager
is delegated with all authority and he fully shares the responsibilities related to project
execution within the broad guidelines. A group of personnel is assigned to the project
manager or he can hire the services. This type of organization is suitable where the
present organization is set in a stereotype, where the firm has decided to carry out the
project construction by itself and the size of the project is relatively small.

34 PROJECT SCHEDULING

Project scheduling is concerned with the techniques that can be employed to manage
the activities that need to be undertaken during the development ofa project.

Scheduling is carried out in advance of the project commencing and involves:
e Identifying the tasks that need to be carried out
e Estimating how long they will take
¢ Allocating resources (mainly personnel)

¢ Scheduling when the tasks will occur.
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Two basic decisions are important before the network techniques for project scheduling
are deployed — one, whether to have multi-level scheduling and two, whether to have
multi-project scheduling.

1. Multi-level Scheduling

Different levels of management need different degrees of details in the schedule plan
and network diagram. This is more desired in project planning, especially if the project
work is an amalgamation of numerous tiny activities. Each minute activity cannot be
incorporated in a single work plan, unless the project itself is small and simple (like
replacement of machine). So, multi-level scheduling is more common and desirable.

When schedules are prepared at multiple levels, it is called multi-level scheduling. Three
to four level schedules can be prepared depending upon the requirements, for example:

e Master project scheduleis prepared for the top management. This is essentially
the milestone chart which gives a one-glance picture of the total activities. Only
major groups of activities are recognized as discrete activities and sub-activities
are ignored, for example, activity groups can be land development, civil work,
electric work, plumbing, mechanical work, etc. The details in each of these work
packages are excluded from the master project schedule for convenience.

¢ Functional area schedules are prepared for the project related activities of
each functional department. Usually, the functional heads would need this level of
scheduling. The functional area schedule is essentially the sub-group of corporate
level master schedule.

e Schedulesof work packagesare the detailed schedules for all work packages
that form the part of either the master project schedule or the functional area
schedule. This essentially serves the purpose for project sub-teams or
subcontractors who execute the activities.

2. Muulti-project Scheduling

A firm, handling more than one project simultaneously, may require multi-project planning
and resource allocation. Several resources, including manpower and money, are in common
demand from all projects under construction. In that case, if separate project teams are
allowed to operate independently, there could be conflicts and sub-optimal utilization of
resources leaving unutilized resources some times and scarcity of resources some other
times. The task of planning and control, therefore, is more difficult in multi-project activities.

In multi-project scheduling, all projects are collectively treated as a single project
for the breakdown of work packages, their sequencing and resource allocation. Activities
of one project may have a predecessor activities and/or successor activities in other
projects. It becomes imperative for multi-project scheduling to follow multi-level scheduling
also and plan for a greater degree of communication, reporting and coordination.

A firm may avoid difficulties of multi-project scheduling by scheduling each project
independently but the costs and other potential conflicts in this approach may not be
worth taking the risk.

3.4.1CATSand RATS

One more decision is whether to have CATS only, RATS only or both. The term CATS
stands for Critical Activity Time Schedule and the term RATS for Realistic Activity



Time Schedule. CATS provides more stringent time standards for project execution,
whereas RATS is based on achievable time schedule. Figure 3.8 gives an idea of how
CATS and RATS compare.

CATS

RATS

Activities

Time
Fig. 3.8 Critical Activity Time Schedule (CATS) and Realistic Activity Time Schedule (RATS)

Both CATS and RATS are time schedules. CATS can be used to provide stringent time
standards for project execution and can be useful for setting targets for project teams,
machine fabricators and other project contractors for the completion time. Stricter
standards may result in an effective execution of a project. RATS provide a more realistic
time planning; therefore, it can be used for negotiations with funding agencies, who
would expect timely attainment of major milestones in the project construction before
they would release additional instalment of loan.

CATS and RATS have another purpose too. The difference between them could
(a) reflect the risk associated with the time of completion and (b) cushion for contingency.
Thus, evaluation of actual performance in the light of both CATS and RATS both would
indicate whether the project is remaining within the boundary of acceptable level of risk
associated with time.

3.4.2 Scheduling Techniques

A good schedule helps project managers establish achievable and realistic goals in order
to fulfil project objectives, improve credibility, and manage the expectations of clients
better. Project managers should deliver results, fulfil requirements, and adhere to time
and cost constraints agreed upon so that their projects are successful. Project estimation
and project scheduling should be given a lot of importance and attention. Combined with
appropriate negotiation and prioritization, the competitive demands of the business can
be successfully met.

When goals are set for projects, the SMART policy should be followed. The
goals should not only be Specific and Measurable but also Achievable, Realistic and
Timed. Wherever the time factor comes in, the significance of scheduling is highlighted.

In most scheduling software, the format being used will have certain standard
terms used for time analysis- related calculations. Let us look at these first:
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o Activity Identifier (ID): This is a unique alphanumeric identifier allotted to
each scheduled activity.

e Duration (Dur): This is the total time period (hours, days, weeks, etc.) required
to accomplish the work of the activity.

e Early Start Time (EST): This is the earliest point in time when a scheduled
activity can begin. It could also be referred to as ESD (early start date) or ES
(early start)

e Early Finish Time (EFT): This is the earliest point in time when the scheduled
activity can be accomplished or completed.

e LateSart Time(LST): Keeping in mind the deadline for completion of project,
this is the latest point in time when the schedule activity can begin without delaying
the project.

e Late Finish Time (LFT): This is the latest point in time when the schedule
activity can finish that the project completion date is not defaulted. This is often
referred to as Late Finish Date (LFD) or Late Finish (LF)

e Free Float (FF): This is the time period by which an activity can be shifted
without affecting the Early Start of any other succeeding activity or event.

e Total Float (TF): This is the time period by which an activity can be shifted or
rescheduled without affecting the date of completing the work.

e Critical Path: This is the longest sequence of activities from start to finish. It
comprises the sequence of activities that will take the longest to complete or, the
sequence of activities that will determine the earliest possible finish date.

In order to be able to schedule the project properly, the project manager usually keeps
track of all the bullet points mentioned and performs the following:

o Sits with the team and narrows down the objectives to something specific, concrete,
measurable and achievable within a specific time.

¢ Enters each specific point on the project into the software being used or a general
calendar software. Activates reminder systems to keep track of the progress of
the project.

o Allows all members access to the schedule and the progress so that everyone is
aware of the effort required to achieve the goal/deadline.

In the sections that follow, you will learn about the various methods or techniques adopted
by organizations to ensure that their projects are on track.

3.4.3 Gantt Chart

Gantt chart is a type of bar chart that illustrates a project schedule. Gantt charts illustrate
the start and finish dates of terminal elements and summary elements of a project.
These elements comprise the work breakdown structure of the project. Some Gantt
charts also show the dependency (i.e., precedence network) relationships between
activities. Gantt charts can be used to show the current schedule status using per cent-
complete shadings and a vertical Today line as shown here.
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Fig. 3.9 A Gantt Chart

A Gantt chart is one of the simplest and oldest techniques to track project progress.
This is an activity bar chart indicating scheduled activity dates and durations frequently
augmented with activity floats. Although now regarded as a common charting technique,
Gantt charts were considered revolutionary when these were introduced. In recognition
of Henry Gantt’s contributions, the Henry Laurence Gantt Medal is awarded for
distinguished achievement in management and community service. This chart is used
also in information technology to represent data that has been collected.

Gantt charts have become a common technique for representing the phases and
activities of a project WBS, so that they can be understood by a wide audience.

A common error made by those who equate Gantt chart design with project
design is that they attempt to define the project WBS at the same time that they define
scheduled activities. This practice makes it very difficult to follow the 100 per cent rule.
Instead, the WBS should be fully defined to follow the 100 per cent rule, then the project
schedule can be designed.

Although a Gantt chart is useful and valuable for small projects that fit on a single
sheet or screen, they can become quite unwieldy for projects with more than thirty
activities. Larger Gantt charts may not be suitable for most computer displays. A related
criticism is that Gantt charts communicate relatively little information per unit area of
display. That is, projects are often considerably more complex than can be communicated
effectively with a Gantt chart.

Gantt charts only represent part of the triple constraints of projects, because they
focus primarily on schedule management. Moreover, Gantt charts do not represent the
size of a project or the relative size of work elements. Therefore the magnitude of a
behind-schedule condition is easily miscommunicated. If two projects are the same number
of days behind schedule, the larger project has a larger impact on resource utilization,
yet the Gantt chart does not represent this difference.
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Work Breakdown Sructure (WBYS)

A work breakdown structure (WBS), in project management and systems engineering,
is a deliverable oriented decomposition of a project into smaller components. It defines
and groups a project’s discrete work elements in a way that helps organize and define
the total work scope of the project.

A work breakdown structure element may be a product, data, a service, or any
combination. A WBS also provides the necessary framework for detailed cost estimating
and control along with providing guidance for schedule development and control.

The work breakdown structure is a tree structure, which shows a sub-division of
effort required to achieve an objective; for example a programme, project, and contract.
In a project or contract, the WBS is developed by starting with the end objective and
successively sub-dividing it into manageable components in terms of size, duration and
responsibility (e.g., systems, subsystems, components, tasks, subtasks, and work
packages), which include all steps necessary to achieve the objective.

The work breakdown structure provides a common framework for the natural
development of the overall planning and control of a contract and is the basis for dividing
work into definable increments from which the statement of work can be developed and
technical, schedule, cost, and labour hour reporting can be established.

The concept of work breakdown structure developed with the Programme
Evaluation and Review Technique (PERT) in the United States Department of Defense
(DoD).

A work breakdown structure permits summing of subordinate costs for tasks,
materials, etc., into their successively higher level ‘parent’ tasks, materials, etc. For
each element of the work breakdown structure, a description of the task to be performed
is generated. This technique (sometimes called a System breakdown structure) is used
to define and organize the total scope of a project.

The WBS is organized around the primary products of the project (or planned
outcomes) instead of the work needed to produce the products (planned actions). Since
the planned outcomes are the desired ends of the project, they form a relatively stable
set of categories in which the costs of the planned actions needed to achieve them can
be collected. A well-designed WBS makes it easy to assign each project activity to one
and only one terminal element of the WBS. In addition to its function in cost accounting,
the WBS also helps map requirements from one level of system specification to another,
for example, a requirements cross reference matrix mapping functional requirements to
high level or low level design documents.

3.5 CRITICAL PATH METHOD (CPM)

In 1950, a joint venture between the Dupont Corporation and the Remington Rand
Corporation for managing plant maintenance projects led to the (CPM). Today, it is
commonly used with all forms of projects such as construction, software development,
research projects, product development, engineering, plant maintenance and so on. Any
project with interdependent activities can apply this method of scheduling. Whenever an
activity is scheduled by various planning techniques, the necessary resources such as
capital, equipment, labour or other inputs are needed for executing the work package or
an activity. The fact is that necessary resources are not always available when desired;



so, activities must be scheduled at time when resources are available. It is also important Proj é?dscﬁgnrr?ng
to note that the cost and duration of the project are interdependent variables. Altering an wing
project schedules influences costs and it should be possible to alter the activity schedules

so as to achieve optimum trade-offs between the project cost and the scheduled completion
date. NOTES

The CPM is the graphical representation of the interrelationships between the
tasks in a project to be performed in a well-defined sequence. It lays stress on the
following two aspects of a project:

e The effect of applying more men or other resources to shorten the duration of
given jobs

e The increased cost of these additional resources

The procedure of deciding the critical path is executed through the following
steps:

e Firstly, the project is categorized into a series of labelled activities. These
activities are then arranged in a logical sequence and represented graphically
with an arrow diagram.

e All the nodes and activities are then numbered. The time required for each
activity is calculated and indicated in the arrow diagram.

e The earliest start and ending time along with the latest start and finish time are
then calculated and jotted down.

e The total float for each activity is then determined by taking the difference
between the earliest and the latest time for each node.

e The critical activities (zero float activities) are then identified and connected
with the beginning and the ending node in the network diagram by double line
arrow. This gives the critical path.

e The total project duration is then calculated.

¢ Incase the total project duration needs to be reduced, the critical activities of
the network are crashed.

e The cost is optimized and the network is then updated accordingly.

Since project schedules change on a regular basis, CPM allows continuous monitoring
of the schedule. It enables the project manager to track the critical activities and ensures
that the non-critical activities do not interfere along with the critical ones. The following
example illustrates CPM in detail.

A small maintenance project consists of the following jobs whose precedence relationships
are given in Table 3.2.

Table 3.2 Precedence Relationships

Job 12113 2325|3436 |45|46|56]|6-7

Duration |15 |15 |3 |5 |8 [12 |1 |14 |3 |14
(days)

1. Draw an arrow diagram representing the project
2. Find the total float for each activity
3. Find the critical path and the total project duration
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Fig. 3.10 Arrow Diagram
To calculate the critical path and total project duration we first need to find the forward
and backward pass calculations.
e Forward Pass Calculation: In this calculation, it is estimated that the earliest
start and the earliest finish time ESis given by
ES =0
ES =ES+t;=0+15=15
ES, = Max(ES, + t,;, ES + t;)
= Max(15 + 3,0 + 15) = 18
ES, = ES, +t, = 18 + 8 = 26
ES = Max(ES, + t,, ES, +t,, ES + t)
= Max(15 + 3,0 + 15) = 18
ES, = ES +t,=18 + 8 = 26
ES = Max(ES, + t, ES, +t,, ES +t,)
=Max (15 + 5, 26 + 1) = 27
ES, =Max(ES, + t,, ES, +t,, ES +t,)
=Max (18 + 12, 26 + 14, 27 + 3)
=40
ES =ES +t_ =40+ 14 =54
e Backward Pass Calculation: In this calculation, we calculate the latest start
and latest finish time LF,, given by LF,= Min, (LF, “t) where LF, is the latest
finish time for the event j
LF, = 54
LF, = LF, —t, = 54 — 14 = 40
LF, = LS, —t, = 40 =3 = 37
LF, = Min (LS, - t,, LS, - t,)
=Min (37 — 1,40 — 14) = 26
LF, =Min(LF, - t,, LF, — t,)
=Min(26 — 8, 40 —12) = 18
LF, =Min (LF, — t,,, LF, — t,,)
=Min (37 - 5, 18 — 3) = 15
LF, =Min (LF, — t,, LF, — t,)
=Min (18 — 15, 15 - 15) = 0
Self Learning
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Table 3.3 gives the calculation for critical path and total float.

Table 3.3 Critical Path and Total Float

Activity | Normal time Earliest Latest Total Float
Start | Finish | Start | Finish b@:g?or

1-2 15 0 15 0 15 0

1-3 15 0 15 3 18 3

23 3 15 |18 15 |18 0

2-5 5 15 |20 32 |37 17

34 8 18 |26 18 |26 0

36 12 18 |30 28 |40 10

45 1 26 |27 36 |37 10

4-6 14 26 |40 26 |40 0

5-6 3 27 |30 37 |40 10

6-7 14 40 |54 40 |54 0

From the above table, we observe that the activities 1-2, 2-3, 3-4, 4-6, 67 are the
critical activities and the critical path is given by 1-2-3—-4—6-7. The total project completion
time is 14 days.

Advantages of CPM

A CPM schedule simplifies the planning of work assignments in advance and helps
improve communication among those who are responsible for project performance. The
CPM also helps in better project planning by providing evaluations and forecasts the
success of alternative plans of action. Following are the advantages of the CPM:

e It helps the top management to focus on the critical activities and their timely
accomplishment.

e [t provides the knowledge of critical and non-critical activities and their completion
in time. This helps the management to divert the resources from non-critical to
critical activities. The performance of an activity on the critical path is essential
otherwise it may postpone the project completion time.

e [t creates the best way of planning and scheduling a construction project by
showing the critical path.

e [t provides the complete information about the importance, duration, size and
performance of an activity.

Disadvantages of CPM

The CPM also suffers from certain drawbacks such as high cost, time consumption,
poor time estimate provision and resource allocation.

Some other disadvantages of the CPM are as follows:

e The CPM is based on the estimation of duration of activities which is impractical
inreal life.
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e In case there are changes in the predetermined network, the entire evaluation of
the project has to be repeated and a new critical path is required to be created all
over again.

e It does not include statistical analysis in determining the time estimates.

e The CPM can become complicated when it involves larger projects.

3.5.1 An Example of CPM Project Analysis

Consider a simple project having six events and seven activities for the CPM example
illustration. Table 3.4 gives the normal durations, T, and direct costs, C, as well as the
crash durations, T , and direct costs, C_, for the project activities.

Table 3.4 Normal and Crash Durations and Costs for CPM Example Project

Activity code Normal Cash
Duration T,,, | Directcost | Duration T,, | Direct cost
weeks C,? weeks C, ¢

A 9 20, 000 6 26, 000
B 8 15,000 5 24,000
C 5 12, 000 4 13, 000
D 8 18, 000 6 28, 000
E 7 14, 000 3 22,000
F 5 13, 000 4 16, 000
G 5 17, 000 2 32, 000

The first step in the CPM analysis is to assume normal durations for all the project
activities and to perform PERT analysis. The results of this analysis are shown in Figure
3.11 where the earliest expected and latest allowable times for all events as well as the
critical path of the project are illustrated.

Tg=9 Te =14
T =9

i)
T, =22

1
T, =10 T =17

Fig. 3.11 ‘Normal’ Duration PERT Analysis for CPM Example Project
Suppose you are interested in the answers to the following questions vis-a-vis this example
project:

e What is the least costly way to decrease the scheduled project duration to 19
weeks?

e What is the minimum total project direct cost to quicken the project to its shortest
duration?



From Figure 3.11, the expected project duration under normal conditions is 22 weeks Project Planning
and the corresponding normal direct cost is X 1,09,000. Follow step 3 of the above and Scheduling
algorithm to selectively crash project activities. In order to do this, compute the cost-

time (negative) slopes of all the activities. These values are shown in Table 3.5 and the

calculations have been made using equation and Table. NOTES

Table 3.5 Cost-Time Sopes of Activitiesfor CPM Example Project

Activity code Cost-time (negative) slope, & week

A 2,000

3, 000

1, 000

o|lo|w

5,000

™

2,000

F 3,000

G 5, 000

In the first step, the duration of activity A is shortened from nine to seven weeks that
resulted in critical path 1-3—5—6 in comparison to the earlier critical path 1-2—-5-6. At
the end of the first step of the iteration, the expected duration of the project is 20 weeks
and the direct cost is ¥ 1,13,000.

In the second step of the iteration, there are two critical paths, namely, 1-2—-5-6
(A-D—G) and 1-3-5-6 (B—E—Q). To reduce the project duration, you must shorten
both the paths. Along the first path, activity A is least costly to expedite and it can be
shortened by one week, from seven to six weeks. In Table 3.6, the crash duration of
activity A is 6 weeks; hence, it cannot be crashed any further. Denote this by an asterisk
(*) after A at the end of the second iteration. Along the second path (B—E—G), E is the
activity with the lowest cost time slope; hence, this is shortened by one week. The
resulting project duration is 19 weeks; the total direct cost has increased to
% 1,17,000.

During the third iteration, the critical paths remain as A-B—G and B-E—G; however,
A cannot be crashed anywhere. You could either crash activities D and E
at an incremental cost of ¥ 7,000 per week, or crash only activity G (which is
common to both critical paths) at a cost of X 5,000 per week. Since the latter option is
less costly, you should choose to crash activity G by three weeks. Now, the project
duration has reduced to 16 weeks while the direct cost has increased to ¥ 1,32,000.
Table 3.6 shows the iterative steps for selective crashing of activities in the CPM Example
Project.

The above table denotes that the activity has been crashed. Since A, C, and F, all
on one critical path, has been crashed; this is the ‘optimal’ solution. Having reduced the
duration of activity G to six weeks, all the three paths in the project network, namely,
A—C-F, A—D-G and B-E—-G have become critical. Hence, to reduce the project duration,
you need to shorten at least one activity along each of the critical paths. Durations of
activities C, D and E have been reduced by one week each. This results in the project
duration being reduced to 15 weeks and the project direct cost going up to X 1,40,000.
Please note that at this stage of the iteration process, activities A, C and G have been
crashed to their minimum durations.
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Table 3.6 Iterative Seps for Selective Crashing

Iteration|Activities| Eligible |[Minimum Reduce Revised Project
No. along | activity | of dack/| Duration Status
critical | having crashgble Activity| By |Duration,| Cost,
path (s) | least |duration,
weeks| weeks | Rupees
cost- weeks
time
1. A,D,G |A 2 A 2 20 1,13,000
2. A,D,G |A 1 A* 1 19 1,17,000
B,E.G |E 3 E 1
3. A,D,G |D,G 3 G* 3 16 1,32,000
B,E,G |E 3
4. A,CF |C 1 C* 1
A,D,G |D 2 D 1 15 1,40,000
B,E,G |E 3 E 1
5. A,C,G |F 1 F* 1
A,D,G |D 1 D* 1 14 1,50,000
B,E,G |E 2 E 1

In the fifth iteration step, the three paths A—-C—F, A-D—G and B-E-G are all
critical. Shorten activities D, E and F each by one week. The resultant project duration
is 14 weeks; the total direct cost of the project is X 1,50,000. At this stage, activity D has
been crashed to six weeks and activity F has been crashed to its minimum duration of
four weeks. It is important to realize that activities A, C and F which constitute all the
activities on the critical path A—C—F have now been crashed (to their minimum durations).
This condition implies that the project duration cannot be reduced further since shortening
any activity on the two other paths, A-D—G and B-E—G, will not help in speeding up the
project. When there are multiple critical paths, at least one activity on each critical path
needs to be shortened to effectively reduce the project duration.

Now, give the answers to the two questions that have been raised at the beginning
of'this example project analysis.

e The first question was to find out the least costly way to decrease the project
duration to 19 weeks. The answer to this is obtained at the end of the second
step of the iteration that has just carried. The least costly way to decrease the
project duration from the normal duration of 22 weeks to the scheduled duration
of 19 weeks is to crash activity A by 3 weeks and activity E by 1 week. The
incremental direct cost is X 8,000; the total project direct cost for duration of
19 weeksisX 1,17,000.

e The second query was regarding the total project direct cost to quicken the
project to its shortest duration. This is answered by the last and fifth iteration
shown in Table 3.4 and described earlier. The minimum total project direct
cost to achieve the shortest project duration of 14 weeks is X 1,50,000.

You are advised to verify that any means of achieving project duration of 14
weeks, other than by the way shown in the iterations of Table 3.4, will result in a higher



total direct cost of the project. For example, one obvious (and trivial) solution to the Project Planning
problem of crashing the project duration would be to crash all the project activities to and Scheduling
their minimum (crash) durations. This would certainly result in the project being completed

in 14 weeks but at an enhanced direct cost of ¥ 1,61,000. The reason for this additional

direct cost of ¥ 11,000 over the optimal direct cost of X 1,50,000 arrived at in the fifth NOTES
iteration in Table 3.4 is that you will unnecessarily be crashing activities B and E by an
additional 3 weeks and 1 week, respectively. The ‘optimal’ solution of the selective
crashing process indicates that activity B can be scheduled for 8 weeks and E for 4
weeks. Rescheduling B to its crash duration of 5 weeks and E to 3 weeks does not result
in any gain in the project duration but only causes an additional direct cost of X 11,000.
This is the reason why you do a selective crashing of project activities rather than resort
to an ‘indiscriminate’ crashing of all the activities in the project.

3.5.2 Total Cost-Time Trade-Off

The CPM analysis, so far, has only dealt with direct costs which are costs directly
associated with individual project activities. The direct cost for an activity increases
linearly as the project activity is expedited. You can plot the total project direct
cost versus the project duration by taking the values after each iteration step from
Table 3.4.

It is obvious that the cost of executing a project is more than just the direct
activity costs. The other costs of the project include the indirect costs as well, such as
the costs of utilities, facilities, rents, administration, marketing, taxes, etc. As opposed to
the direct costs which vary inversely with project duration, indirect costs increase as the
project duration increases (because the indirect costs are per day or per week costs
which have to be met regardless of the level of the project activity for as long as the
project is scheduled). The mathematical function to express the indirect cost, Cl, in
terms of the expected project duration, T, can either be derived by estimation of actual
(historical) costs or can be approximated by a formula. You can estimate the indirect
costs for the CPM example project to be as follows:

Where

Cl=17,000+6,000T,

Cl = indirect project cost in Rupees
T,= expected project duration in weeks

The above equation implies that the start-up indirect cost, even for zero project duration,
is X 17,000. Thereafter, the indirect cost increases by X 6,000 for every additional week’s
increase of the expected project duration.

The total project cost can be computed by summing up the direct and indirect costs. The
curve, for most projects will be U-shaped with the trough of the curve representing the
duration at which the total project cost is the minimum. Thus, if you have a choice in
selecting the scheduled completion time, T, you should select this optimum duration
point.

3.5.3 Planning Time Scales-Networ k/PERT Analysis

A systematic approach in planning the activities would include several steps and decisions.
First, the firm has to decide whether they would want multi-level scheduling and multi-
project scheduling or not. Then, the activities must be identified discretely, the time for
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each activity must be estimated, the resource requirement must be planned and the
interdependence must be determined. These activities should then be presented in a
manner that will help grasp the complexities clearly and also help to determine slack, if
any. It will also help in effective resource allocation considering the time period. In this
section, we will discuss these issues.

Concept of Network

Conceptually, we can say that a network diagram is a graphical presentation of all the
activities of a project, arranged in a proper sequence and with clearly established
interdependencies. The network diagram provides a full picture of the project. The
diagram can be presented as:

(a) A Gantt chart
(b) APERT (programme evaluation and review technique) diagram
(c) A CPM (critical path method) diagram
PERT and CPM are quite similar, except in the incorporation of uncertainty of
time needed for the completion of each activity.

Purpose of network analysis

The goals and purposes of network analysis can be listed as follows:
1. Identifying discrete activities and sub-activities
2. Identifying events signalling either the beginning or ending of the activities

3. Estimating the time taken for completion of each activity, if possible on crash
basis, normal basis, worst-scenario basis

4. Identifying interdependence, if any, of activities

5. Identifying critical path, so that one may know the existence of slack time in any
activity

6. Identifying slack for efficient resource allocation

7. Determining economics of crashing of activities

3.6 PROJECT EVALUATION AND REVIEW
TECHNIQUE (PERT)

The program (or project) evaluation and review technique, commonly abbreviated PERT,
is an analytical means, used in project management, which was developed for the analysis
and representation of tasks that were part of implementation a given project. Initially
developed by the United States Navy inthe 1950s, PERT is widely used together with
the critical path method (CPM). In addition to being used as a method to analyze the
involved tasks in completing a given project, PERT is also used to calculate the time
required for every task independently and to spot the least possible time required for
completing the entire project.

The PERT was created to handle such projects where the time estimate of activities is
non-deterministic. The PERT is used to organize and coordinate tasks within the project.
The objective of the PERT chart is to determine critical path which comprises critical
activities that should be completed on schedule. This chart is prepared with the help of
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