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To Potential Users of AID Project Management Training Materials 

.These materials were developed by the Graduate School of Manage­

meant, Vanderbilt University under contract to the Technical Assistance
 

Bureau (Development Administration Division) of the United States Agency
 

for International Develonment. The present unit is one of eight units:
 

An Integrated Approach to Deve opment Project Management (Overview) 

Learning Packages 

Planning Processes for ?roject Management
 
Volume 1 Narrative and Exercies_
 
Volume 2 Readings
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Volume 1 Modules 1-2 (Project Organization
 

Developing Project Organizational Systems)
 

Volume 2 Modules 3-5 (Staffing the Project
 
Influence Processes
 
Developing Human Resources)
 

Volume 3. Modules 6-10 (Team Building 
Motivating and Supervising Project Members
 
Conflict Resolution
 
Planning for Acceptance
 
Divesting Project Resourcas)
 

Project Management Problem Solving
 
One volume
 

Management of the Project Environment
 
One volume
 

Project Management Control Processes
 
Volume 1 Module 1 (Introduction to Control)
 

(Formal Project Control Systems and Techniques
Volume 2 Module 2-3 

Behavioral Aspects of Control)
 

Technology Assessment, Transfer and Adaptation
 
(Managing Development Project Technology)
Volume 1 Module 1 


Volume 2 Module 2 (Technological Factors in Development Project
 

Generation and Pt'eliminary Design, Narrative
 
and Recommended Readings
 

Volume 3 Module 2 Bibliographies, Cases and Exercises
 

Volume 4 Module 3 (Transferring and Diffusing Project Technology,
 

Narrative and Recommended Readings)
 

Volume 5 Module 3 Bibliography, Cases and Exercises
 

,Project Management Information Systems
 
One volume
 



the inten-To benefit from these materials, users should recognize 

First, the
 
tions and limitations of their development and intended use. 

training that is currently asso­
materials were developed to reorient the 

The reorientation of these materials
ciated with davzlopment projects. 


emphasis on management as a
provides a perspective with an increased 

discipline, implementation of projects rather than improved 
or increased
 

a priori planning and appraisal, and innovation av a necessary 
ingredient
 

A second intention was to supplement
for successful development projects. 


sparse rather add to 
areas where other training materials were than to 

those areas, such as economic and fiuancia:L analysis, in which good materials 

However, since the areas purposefully ignored by this
already exist. 

also crucial to improved project manage­arematerials development effort 

The intention is that these
 ment, references are made to other sources. 


newly-developed materials would supplement previously existing 
materials
 

to provide a more comprehensive training program potential.
 

The materials are not intended for self instr-iction although 
the
 

introductory papers and readings in the various learning packages 
could
 

certainly be used by individuals to increase their knowledge about project
 

have been developed for use by trainers who will
 
management. The matevials 

make selective usage and modificarion as necessary to meet their specific
 

training needs.
 

that the overview volumeon project management
Finally, it is suggested 

be used to introduce the subject matter of any learning 
pa-icages that are
 

The purpose of the overview volumeis to provide a conceptual
adopted. 




of a particular package into an overallframework which places the content 

This does not mean to imply that the
perspective of project management. 

read by all trainees; it is merely a suggestion to trainersvolume must be 

that an overall framework be provided initially by some means since each 

of projectlearning package treats only one of many crucial aspects 

management knowledge and skills. 



General Introduction
 

This learning package is concerned with the design and implementation 

of pragmatic and operational processes for effective planning in developmental 

projects. The output of a developmental project is not a steady stream of
 

goods and services. The output is the development of new or increased capa­

bility to provide goods and services within a developing society.
 

This package is divided into three sections: narrative and exercises 

in volume one and readings in volume two. In the narrative, project planning 

is described as planning for implementation. Planning is viewed as a contin­

problems are
ual management activity which occurs throughout the project as 


encountered. Project planning is distinguished from centralized planning as 

planning approach. The planning­a "bottom-up" rather than a "top-down" 

implementation-control cycle of project management is discussed and the
 

distinctiveness of planning for implementation is defined. Following this 

is a presentation of the steps in elaborating the logic of project 
planning.
 

The narrative concludes with a conclusion of project scheduling. Several
 

charts as representations of schedules are presented.
 

The second section of volume one contains several exercises, including
 

case discussions which can be of use to project participants in developing
 

their knowledge and skills for project planning. The exercises are presented
 

as material that can be utilized to simulate many of the issues discussed
 

in the narrative section.
 

The second volume contains a series of readings which may be of 
interest
 

and assistance t, project participants. These readings are intended to 

supplement the material covered in the narrative.
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Planning for implementation 

Introduction
 

Project planning is often described as a process of analysis that defines 

the scope atd feasibility of a project and its relationships to other 
projects,
 

zontext, plans and programs identify
programs and development plans. In thit 

davelopuent needs and define project outputs; feasibility studies 
are made and
 

any less developed countries
funding propocals generated. Project planning in 


is considered completed when these analyses have been undertaken. 
Implementation
 

is then seen as a separate and distinct activity to be performad 
by an operating
 

agency or production organization. 

presented in this paper differs
The perspective of project planning that is 

The process of project planning described
 radically from trulitional approaches. 


It includes the definition of the project
here.is planning for implementation. 


and its relationship to more highly-aggregated plans. But planning isviewed
 

an an integral part of management. Therefore project planuing continues as
 

problem are encountered that. necessitate modification of initial plans. Planning
 

cannot be neatly separated from implementation; it isa continuous process 
that
 

begins with the identification of a development need and ends only after 
the
 

results of the project have been accepted by the users 
and diffvsed throughout
 

society.
 

Project Planning and Centralized Planning
 

The development project planni % process is initiated with the identification
 

Frequently this need is disco7ered by a centralized national
 of a development need. 
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planning system or a sectoral planning model. 1 In a "top-down" planning process, 

analysis is based primarily on macro-economic models that identify needed outputs
 

and 	the capacity required to produce these outputs. The gap between desired
 

output and existing capacity defines the type of development projects that are
 

undertaken.
 

In many developing nations with a central planning organization, national
 

economic development planning follows a rather standardized set of procedure3
 

that have been described by Tinbergen:
 

1) Reconnaissance of the economic structure and its possible future
 

development;
 

2) A provisional choice of the optimum rate of growth implying a
 

necessary rate of savings;
 

3) 	 An estimation of the expansion of denand, both internal and external, 
in various sectors of the economy;
 

4) 	Identification of industrial investment projects to fill sector
 

production estimates in the national economy and to maintain a
 

favorable balance of payments ir.foreign trade; and
 
2
 

5) Designation of implementation proced.re6 
and review techiques.


Analysis, using input-output models or similar techniques, derives sectoral and 

industry demand from interindustry demand. This demand is based on estimates of 

future eforts, import substitutions, and private and govermnental consumption.
 

If investment 	is to be made by the goverment, project proposals are often 

If the increased productive capacity is
initiated by a central planning agency. 


to be provided by private investment, project proposals must be solicited from 

how 	 such a model was used to solicit and evaluate1. 	For a description of 
Plan, see Lee 	Hee II, "Projectprojects in developing the Korean Second Five-Year 

in Irma AdelmenSelection and Evaluation: Formulation of an Investment Program," 

(Ed.), Practical Approaches to Development Planning (Baltimore: Johns Hopkins
 

Press, 1969). For a description of the historical evolution of centralized
 
annual planning cycle in Pakistan (and howdevelopment planning to a current 

projects are defined by the planning process), see Mahbub ul Hag, "Annual Planning
 

in Pakistan," Journal of Development Planning, No. 2 (1970), pp. 81-113.
 

2. Jan Tinbergen, Central Planning, (New Haven: Yale University Press,
 

1964), 	Chapter 4. The reader should note that Tinbergen's description is somewhat
 

More elaborate models of the economy are now frequently 
used and
 

out 	of date. 

other sectors 	than industry, particularly agriculture.

Step 4 usually includes 
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private firms or industrial associations.
 

Centralized development planning ma7 also establish a set of objectives
 

for directing the search for projects and evaluating proposals through the
 

3 

analysis of the national development process. Objectives such as the reduction
 

of unemployment, income redistribution, and the improvement of balance of
 

payments help to identify sectors and geographic regions that might be particu­

larly fruitful in the generation of "high-yield" projects.
 

Examination of the frequent failures of centralized national planning
 

has led some experts to suggest the need for a "bottom-up" approach to planning
 
4
 

or at least the combination of central 
planning and stctoral planning.


particularly in those developing economies in which the private sector can
 

provide a substantial proportion of the capital required for growth, market
 

needs must be identified by entrepreneurs who are willing to invest resources
 

When the size of the required investment or the r--.e of
 to satisfy those needs. 


return discourages the entrepreneur from investing private capital to meet 

critical development needs, the government has two alternatives: either public
 

funds must be appropriated or sectoral or national plans must identify develop­

ment policies that provide investment incentives for private capital in specific
 

sectors and regions. In some non-industrial sectors such as education or health,
 

provision of the proper incentives is extremely difficult. Low-interest loans,
 

tax advantages, and othcr economic aids are frequently ineffective in directing
 

In some developing countries, however,
private investment into key sectors. 


3. Objectives in the search process translate into criteria for evaluation
 

of proposals once the proposals have been generated. This inter-relationship is
 

examined in more detail below.
 

4. For an example of such a recommendation, see Albert Waterston, "An
 

Operational Approach to Development Planning," International Development Review,
 

September, 1969, pp. 6-12.
 



--
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centralized planning does direct the investment of both private and public
 

funds into the formulation of projects in certain sectors such 
as industry,
 

agriculture, and transportation.
 

The Planning-Implementation-Control Cycle of Project Management
 

Descriptions of the process of management frequently 
divide it into
 

subprocesses or managerial functions that form an iterative 
cycle from planning
 

In too many instances,
to implementation to control and back to planning. 


however, development project planners divide these functions 
artificially among
 

Project planning

different institutions at different stages of project 

execution. 


is often done by planning ministries or agencies, sometimes 
assisted by experts
 

This stage of project planning
from various development assistance organizations. 


usually consists primarily of economic analysis and appraisal 
of project potential
 

If ehe funds for the project are
 in terms of various development criteria. 


provided by the govermient or multinational donors, market, 
technological, and
 

economic feasibility studies may be performed by a planning 
staff (to the extent
 

This planning staff will usually bear no responsibility
that they are done). 


Because the implementation is to be
 for actually implementing the plans. 


assigned to siome other individual or institution, there 
is little incentive for
 

Thus,

planners to assure the practicality and feasibility 

of the plans. 


frequently plans become unrealistic aspirations rather 
than pragmatic guides
 

for action.
 

In the private sector, the situation is usually somewhat 
lifferent 


the entrepreneur who does the preliminary market, technological, and financial
 

Private entrepreneurs,
feasibility studies will most likely execute the project. 


however, often lack formal management training and 
have few skills for generating
 

complete and realistic project plans. Frequently private capital must be
 

In this case, the development banks will force the
 supplemented by loans. 




entrepreneur to supplement his initial analyses with additional economic studies
 

that proposals conform in format and content to the requirements of the bank.
so 


This additional analysis often results in some genuine planning by the entre­

preneur. Sometimes, however, Lt becomes an exercise in finding those forecasts
 

and projectios that result in a satisfactory rate of return to obtain the loan.
 

In any case, the project plans consist almost entirely of feasibility studies
 

and formulation of funding proposals.
 

In many less developed countries "planning" is completed and the funding
 

secured before project managers sre assigned to implement the plans. Managers
 

with experience in implemeutiag projects are scarce in most less developed 

personnelcountries. The search for implementation managers often overlooks loc! 


(who lack training and experience) in favor of either expatriates who have been
 

involved in training or technical assistance, foreign consulting firms, goverment
 

officials, or those professionals with technical expertise related to the sector.
 

An agronomist working-in a regional agricultural extension service, for example,
 

may be hired to direct the construction of a new banana plantation. Under these
 

circumstances, a project manager is found and appointed and then given the project
 

"plan" to be carried out. Because of uncertainties in the environment -- severe
 

quality problems in raw materials, the lack of good planning information, the
 

politics of securing funding for proposals -- the project plans are often un­

realistic.
 

Project managers, when finally selected, should frequently begin by
 

reviewing the realism of the feasibility studies and proposals and by replanning
 

the project to meet specific requirements, constraints and opportunities for
 

implementation. This replanning should incorporate additional information
 

from proposed project beneficiaries and technical experts. Additional market
 

and technical studies may be necessary to validate crucial planning assumptions.
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One partial solution to the scarcity of trained managers in the less
 

developed countries would be creation of at least a temporary cadre of project
 

managers within important development sectors (particularly those which do not
 

These project managers could be responsible for
attract private entrepreneurs). 


both the planning at the project level (with the collaboration of planning
 

specialists,.ministries, commissions, or assistance agency experts) and the
 

In this manner, planning and implementation would be
execution of plans. 


closely integrated. In many less developed countries, the inadequtcy of
 

a basic deterrent to improving the development
project management talents is 


process. Few comprehensive training programs exist to address this scarcity,
 

especially for project managers with a particular sectoral orientation and
 

In most instances, local training capabilities are not sufficient
expertise. 


In
and must be developed themselves before training can begin on a wide scale. 


the interim, when foreign talents must be used to perform the project manage%
 

ment functions, establishment of local counterparts can increase the effectiveness 

of the management and provide a partial training opportunity. This experience­

based learning for indigenous talent would be significantly enhanced, however, 

when supplemented with formal management training programs.
 

The last phase of the cycle, project control, frequently involves periodic
 

reports of progress and final evaluation of project results. Again this function
 

is often separated from project plannin6 and implementation. Periodic review
 

is not sufficient to control the dynamic environment of most development projects.
 

During the process of implementation, project managers must provide internal
 

control that identifies unsatisfactory intermediate results or unanticipated
 

problems and initiates remedial action through changes in project plans and
 

5
 
activities.
 

5. The process of managerial control of development projects is elaborated
 

in the learning package on project control.
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PlanniggLor -Implementation 

confusion exists among writers and practitioners with regard 
to the 

Much 


use of terms such as project planning, appraisal, scheduling, 
and evaluation.
 

indeed, in many cases, it is not clear that there exists 
a coamon conception of
 

a project. For that reason, it is necessary to explore briefly the concept of 

are 
a project, as it will be used here, before discussing the elevants that 

included or excluded from project planning.
 

Projects are coumly defined as development activities 
that innovatively
 

invest scarce resources in order to increase the capability 
of society to produce
 

Projects have a specified output (the development
additional goods and services. 


of new capability); a limited scope in terms of time, 
inputs, and space; and an
 

Within this dofinition, the construction,
oleient of novelty or uniqueness. 


a project

staffing and supplying of a public health clinic, 

for example, is 


The project consists of the
 
until it begins routinely processing patients. 


the analysis

activitia3 that developed this new health delivery 

capability --


of needed health services, the generation of the funding proposal, the construc-


A crucial point to note is
 
tion of facilities and the training of personnel. 


that project activities are almost all investments; 
few direct benefits accrue
 

The result of the project io an output system

during the life of the project. 


(the clinic) that has a potential for providing 
new services ou.e oPerations
 

begin. The vast majority of the direct benefits are derived 
after the project
 

is complete and the new potential or capability 
is exercised indefinitely to
 

To be consistent with this
 
provide a continuous stre..m of goods or services. 


definition of a project, one must reach the somewhat 
startling conclusion that
 

the financial or economic rates of return of most 
development projects themselves
 

are close to zero. The point to be emphasized here is that most "project
 

planning" as it is currantly done is actually the design and appraisal 
of the
 

* 	F'or outline of cognitive learning outcomes expected from 
this section 

see page 67. 
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project output syit, .ot of the project. Consider what is commonly viewed 

the terms are used byas the identification and preparation of projects, as 


the World Bank. Activities such as interindustry input-output analysis, demand
 

and market studies, engineering designs, site location analysis, and determination
 

of working capital requirements usually comprise the planning of the 
project.
 

is, however, the determinationWhat is really accomplished by these activities 

of new productive capacity if the project is successfully completed. Thus, 

project planning must include this design and appraisal of the project 
output 

system, but it must also plan the activities of the project -- the act of
 

building the new productive capacity. 

Consider what is c€only meant by the appraisal of a project. It is 

not the appraisal or feasibility analysis of development activities. It is the 

stream of goods and services (usually discounted)appraisal of the value of the 

that are generated by the project output system after the project is completed,
 

1 depicts thecompt.red to the investment made during the project. 6 Figure 

relationship between a project ( and its associated output system) and the
 

The distinction between
steady-state operations that utilize the new capability. 


The fotm.er requires
project management and steady-s',Ate management is critical. 


changes that develop human, physical, technological, and
the generation of 

of routine operations
structural components of the new capability. The management 

emphasized the efficiency required to produce continuously a low-cost, 
high­

quality service or product. The two distinct types of management require different 

management styles, knowledge, and skills and this is reflected in distinct 
planning
 

practices for projects. 

6. An excellent treatment of the aspects of appraisal, as the term is
 

used here, is contained in J. Price Gittinger, Economic Analysis of Agriculture
 

Projects (Baltimore: John Hopkins University Press, 1972.
 



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

Project Management Steady-state Management
 

(Innovation) (Normal Operations)
 

Appraisal Implementation
 

Control 	 Routine Use of Project Output System Time 

Replan 	 Capability
 

Planning for Implementation 	 Output Generation
 
Ti
T	 T1 T2 


o 


Result:
Result: 


StreamProject 

of Goods
Output 

and Services
System --

a New 
Capability 

Capability Components
 

Human 	 Physical Technology Social Structure 

Knowledge 	 Relationships
Managerial 	 Funds 

Facilities Applications Values & Attitudes
Professional 


Labor Raw Materials Norms
 
Energy
 

Figure 1 	 The relationship of project management and 

steady-state management. 
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is spent on appraisal --
In Figure 1, the time period from To to T1 

analysis of development needs, preliminary specification of the project 
output 

-- of the elements that constitute system, and generation of feasibility studies 


the potential value of the increased capability resulting 
from successful
 

This is the period often referred to as planning
implementation of the project. 


This, however, does not constitute all
 the project 'as was discussed earlier). 


It provides an initial configuration of the project
of project planning. 


output -- a configuration that will most probably change considerably 
during
 

project "implementation." Comprehensive planning of a project involves the
 

of the output system. Thus, project

design of a set of activities as well as 


planning in addition to determining the configuration 
of the output system,
 

involves analysis for the acquisition of project inputs, 
organization and
 

The
 
scheduling of resources, and methods of transferring 

project results. 


latter kinds of analysis can be inW'.tiated during the 
latter part of the
 

But, even the addition of this' type of analysis does 
not
 

appraisal period. 


Planning for implementation continues
 complete planning for implementation. 


throughout the period from time T1 until time T2 
as well.
 

Because development projects have an element of novelty 
or uniqueness,
 

no previous management experience is exactly pertinent; 
in other words, because
 

the project is not a replication of activities that are exactly 
similar to those
 

that ozcurred in the past, managers are not able to 
anticipate all of the factors
 

For this reason,

that eventually will influence the success of the project.

7 


as implementation of the project is initiated, unanticipated 
problems occur.
 

Scarcity of human or physical resources or the inapplicability 
of technology
 

cause delays or changes in the configuration of the 
final project output system.
 

See the expla­
7. Some development projects are more novel than others. 


nation of the differences between experimental, pilot, 
demonstration and capacity
 

expansion projects in the project management 
overview volume.
 



After control processes direct managerial attention to these unanticipated
 

problems, analysis may reveal that initial pl.ans must be modified. Specifi­

cation: must be changed, schedules adjusted, and new sources of project
 

inputs sought.8 The ramifications of these managerial corrective actions
 

of their effect upon project plans, particularly
must be examined in terms 

budgets (human and financial) and schedules. Replanning is necessary to 

proper coordination as project implementation activities are changed;assure 

and project supporters must be advised of the problems and remedial 
actions.
 

The appropriate
Planning follows a certain logic or series of steps. 


logic depends upon many considerations including the managerial 
style, orsani-


Whatever

zational structure, environmental dynamica, and general culture. 


logic is chosen, however, planning does not progress in a serial 
fashion from
 

step to another without considerable iteration or retracing of "loops."

one 


This is particularly true of development project planning which 
is done in an
 

enviionment of uncertainty and novelty.
 

Sometimes project planning recycles over steps that were previously 
done
 

because of unanticipated events, either internal or external 
to the project.
 

In this case, re-planning accomodates a different-set of 
environmental
 

Even if a project is so fortunate as to
 conditions or planning assumptions. 

encounter few major unanticipated "shocks" however, there is 
usually a number 

The logic may change somewhatof iterations through the planning logic. 


through each iteration, but the major difference between iterations 
is the
 

The project planning process that is described by the
 addition of detail. 


flowchart of Figure 2 demonstrates a number of iterations through 
basically
 

the same logic in steps one through four.
 

This is not intended to imply that the performance of the 
final


8. 

output system will always be degraded, that costs will always 

be higher than
 
Project management


anticipated, or that schedules will necessarily be s'.ipped. 

See the learning package
can often find a creative solution to the problem. 


on project mavgment problem solving.
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There are a number of reasons why project planning recycles over the
 

same logic or series of steps several times. One reason is that the process 

is frequently fragmented and transferred as it progresses between several 

Thus, the project may be identified by aorganizations and individuals. 


central planning agency or a local action group and the first iteration would
 

provide only a suary definition. Most likely this first iteration, to the
 

extent that any detail is added, would concentrate on identifying the project
 

the output and needs that will be met for potential users and
results --


beneficiaries. As steps two through four are performed, a project proposal
 

is generated and may be passed through several assistance or government
 

agencies, private firms, consultants, and development banks. A seconi reason
 

for the number of iterations is based on the innovative nature of projects.
 

Many ideas for development projects are generated which prove, after
 

varying degrees of analysis and study, to be impractical or infeasible.
 

Some of these ideas can be deleted from consideration with only a cursory
 

If each were analyzed in great detail, progressing
run through the logic. 


through the planning logic one step at a time, considerable effort would
 

be wasted. In addition, projects are new entities; when they are born,
 

there are no resources immediately assigned to perform tasks. They grow
 

in size and resource commitment over time as they demonstrate worth and
 

feasibility. They grow in increments when funds or managerial staff are
 

When one of these growth increments
added to elaborate their definition. 

occurs, the capability in terms of managerial time and knowledge is increased 

that another planning iteration can be performed in considerably more so 

detail. Given the definition of implementation planning that is used here,
 

this refinement and modification of plans continues throughout almost all
 

of the project life.
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In su ry, planning is a ntcessary analytical function that must be 

performed tt identify and define a project proposal, but one that must also 

continue throughout the implementation phase. Planning, implementation, and 

control of projects must be a continuous and highly integrated cycle, if 

projects are to be managed effectively. 

For Discussion Questions and Recommended Readings for this section
* 
see pages 68 and 69.
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Elaborating the 1Lic of Project Planning * 

Although project planning (as defined in the last section) is frequently 

fragsented among institutions and separated artificially into phases and 

disciplines, a logic or decision flow can be used by project management to
 

that decisions are made and communicated at each phase of project
assure 

planning and execution. in those less developed countries in which project 

orplanning is particularly fragmented between ministries performed primarily 

by external assistance organizations, a general logic or framework for 

planning is critical to project success. if project management does not 

select a logic and monitor the actual planning process to assure its con­

formity to the logic, important steps or constituenciei may be left out of 

if much of the planning is done by multinationalthe actual process. 


assistance organizations to identify, appraise, and prepare projects for
 

loan.approval, rhe planning may be heavily oriented toward economic and 

financial analysis and the planning assistance may cease after the loan 

approval. 9 Project management must then augment this assistance by using 

some logic to assure a comprehensive planning process.
 

When a project management organization is charged with the responsibility
 

for the project, one of its first tasks should be the review of the planning
 

sequence that has previously been accomplished. A checklat of logical steps
 

9. The reader should examine the following sources to determine the
 

portions of the planning process that are frequently included in the economic
 

and financial analyses performed by multilateral assistance organizations:
 

l) J. Price Gittinger, Economic Analysis of Agricultural Projects,
 

The Economic Development Institute, International Bank for 

Reconstruction and Development (Baltimore: The Johns Hopkins 

University Press, 1972). 
2) Ian M,.D. Little and James A. Mirrlees, Manual of Industrial
 

Project Analysis in Develo ing Countries (Paris: Development
 

Center of the Organization for Economic Co-operation and
 

Development, 1968).
 
*For outline of cognitive learning outcomec expected from this
 

section see page 70.
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in the planning sequence can assist management in identifying the types of
 

planning already done and in determining that which remains to be performed.
 

Definition of a sequence of planning steps does not imply that planning
 

progresses straight through the sequence without backtracking or looping
 

over a subset of steps. Figure 2, in the previous section, depicted the
 

project planning process as highly iterative. A few of the logic steps may
 

in greater detail as the project progresses from identification
be repeated 


One of several available checklists of the project planning
to approval. 


to be useful, however, any logic must be modified
 sequence is provided below; 


to fit local conditions (such as the avuklability 
of planning information).10
 

Step 1. Assessment of the Project Environment
 

Before beginning the analysis to determine the feasibility of objectives
 

and the alternative methods that can be employed, an assessment of the 
project
 

environment isessential. Environmlental assessment identifies the individuals
 

and institutions, and the general environmental conditions and trends that may
 

This activity is often ignored inproject
jignificantly influence the project. 


management or isperformed informally and usystematically 
at an intuitive level.11
 

An exception to this is the comprehensive sectoral analyses performed 
by multi­

national assistance organizations such as UNESCO, the World Bank, or WHO as
 

a preliminary step in the identification of new projects. At the invitation
 

of the host country, a study team from one of these organizations will visit,
 

analyze, and report the general environmental conditions of a sector 
such as
 

education, nutrition, or population.
 

10. A different description of the project planning tasks is provided by
 
Richard D. Irwin,
John Baumgartner, Project Management, (Homewood, Illinois: 


Inc., 1963), pp. 19ff.
 

For this reason, a separate learning package has been designed to
11. 

increase knowledge and skills in "Managing the Project Environment."
 

http:level.11
http:information).10
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The opportunities and constraints to the project represented by the 

identified environmental factors become major assumptions that govern the 

direction and content of future planning. In other words, planning assumes, either 

either explicitly or implicitly, that certain key environmental conditions exist 

at the start of the project and that those ccnditions will change in a known 

mannei.during project implementation. Project planning (including implementation 

planning) can be greatly improved by: 

1. 	 comprehensively assessing the project environment to identify key 
factors, 

2. 	 projecting these factors into descriptions of future environmental 
conditions that will significantly impact upon the project, and 

3. stating these "planning assumptions" explicitly. 

if planning assumptions are left implicit, as is usually the case, evalution and 

Control at a later stage become difficult, if not impossible. Determining why 

actual results varied from intended results (plans) requires greater documentationz 

of the assuu~tins upon which the plans were initially based. 

Step 2. Definition of Objectives and Output Specification 

During the process of assessing the environment, project managers will
 

undoubtedly spend a large proportion of the time studying the market for project
 

outputs -- the stream of goods and services provided by the project output system.
 

These studies should include two distinct elemants. One identifies those
 

organizations, agencies, or individuals, to whom the project output system 

will be transferred upon completion of the project, that is, those organiza­

tions that will be charged with managing routine production operations of the 

An example is the early identification of the properproject output system. 


authority or agency to operate a hydroelectric facility or irrigation
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system once the project (the construction of a dam) is completed.12  If an 

existing agency is not a logical choice, a new "steady-state" muagement 

organization must be created and designed as part of the development project 

activities.
 

The second type of market study involves identification of the number and 

types of users of project ou.puts during the period of routine operation. Needs
 

analysis performed during project appraisal establishes who the potential buyer
 

or client is (client characteristics and market size) and what the client wants
 

13 
(product or service specifications in terms of performance, quality and price). 

In the case of social programs and projects, not only must services .be provided 

but social change must be generated that results in socio-economic development. 

Defining the who and the what in the needs analysis of a social project- presents 
14 

unique difficulties for project planning.
 

Once.both types of market studies have been performed, the initial specifi­

cation of the project output system can be generated, hopefully with the involvement
 

of both types of users. This is the first step in defining broad project objectives.
 

Other dimensions of objective definition, such as time and cost, are developed in
 

order to identify and evaluate alternative methods of producing the project output
 

system. More detailed objectiveS'are developed as project work activities are 

defined with greater specificity during the evolution of the project plan.
 

12. For those readers interested in the elaboration of this example, in a real 
situation, see the description of the formation of the Damodar Valley Corporation in 
India as described by Albert 0. Hirschman, Development Projects Observed,
 
(Washington, D.C.: The Brookings Institution, 1967).
 

13. For a detailed prescription on how to perform this type of study, see the
 
Manual on Economic Develo.nent Projects, (New York: United Nations, 1958),
 
pp. 11-28.
 

14. The unique aspects of "needs analysis" for social change projects are well
 
described by Egbert de Vries, Administration of Develoanent Programmes and Projects:

Some Major Issues (New York: United Nations, 1971), pp. 15-17 and pp. 36-39.
 

http:completed.12


19
 

At this stage of project planning it is not possible to specify project 

objectives with great detail and accuracy. Subsequent planning steps will provide 

the analysis and information that are necessary to attain specificity and evaluate 

At this stage, however, the proper dimensions of the objectives mustfeasibility. 

to assure that later analysis will provide necessary detail.be articulated 

know, for example, that the project plan must eventually beProject managers 

submitted to a funding authority for approval. Approval will be made on the 

basis of specific criteria. The proposal must be formulated with sufficient
 

analysis and data to facilitate evaluation in terms of those criteria. It is 

therefore essential that project managers define objectives in terms of dimensions 

that translate directly into these evaluation criteria in order to direct properly 

further planning and analysis. These criteria should also provide guidance in 

the next planning step, which is .the identification and evaluation of alternate 

methods of pursuing the project objectives. 

It is difficult to generalize across sectors and countries in developing a
 

universal list of criteria, but those noted below (see Figure 2)are essential for con­

of these criteriasideration. It is obvious from inspection of this list that many 

dimension way only be accomplishedare contradictory in the sense that improving one 

The effect of conflicting objec­by the sacrifice of one or more of the others. 


on the planning process is discussed more thoroughly below.
tives 

Figure 3: Planning objectives/evaluation criteria
 

1. Maximize direct benefits to users
 

2. Maximize return to investors
 

3. Minimize cost/quality ratios
 

4. Minimize time until introduction
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Figure 3: Planning objectives/evaluation criteria (continued)
 

5. Maximize indirect effects to the developmetLt 
process
 

reduce unemployment or underemployment
-


increase income and wealth redistribution
-


- increase favorable balance of payments
 

- reduce inflation
 

- increase economic growth rates
 

increase national savings-


promote further development and ocher projects
 

frequently considered in development projects
 
-


6. Employ maximum use of indigenous under-utilized resources
 

7. Diversify the economy
 

8. Concentrate effort in least developed regions.
 

9. Promote national integration of disparate cultures.
 

At this point in project planning, only the general or broad 
objectives have
 

In later stages of planning, the
 been defined along appropriate dimensions. 


Project

objectives must be assigned priorities or weights to facilitate 

appraisal. 


managers must realize that priorities will depend upon the 
desires, powei, and
 

Priorities are
 
influence of different constituencies who support the project.

15 


15. Establishment of the priorities affects the design of the project output
 
For example, if the criterion
 

system more than project management usually realizes. 


of income redistribution is of high priority in securing 
funding from a multi­

national donor, certain considerations should be added 
to the analysis that clearly
 

delineate the effects of the project on income redistribution. 
This analysis may
 

well change the design of the project. A case to illustrate this point is the
 

selection of a site for an airport construction project described by V. 
C. Nwaneri,
 

"Income Distribution and Project Selection," Finance 
and Development, Vol. 10,
 

To elaborate this point in terms of the
 No. 3, September, 1973, pages 27ff. 


criteria of reducing unemployment or underemployment, see 
the project design con­

siderations contained in "Administrative Requirements for 
Labor-intensive Devel­

opment," presented by the Development Administration Panel 
Seminar, Southeast
 

Asia Advisory Development Group (SEADAG), Singapore, July 23-27, 1973.
 

http:project.15
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almost certain to change -- somaetimes drastically -- during project implementation. 

project managers must be sensitive to these changes and reflect them in plan 

nodification. Moreover, as project planning evolves, and analysis generates
 

the ability to plan in greater detail, the objectives of the 
project must be
 

broken into time-phased subobjectives, particularly if 
the project extends across
 

budgetary cycles, contract time horizons, or changes in-key 
supporters.


several 

into criteria for eviluation that 
Each of these subobjectives must be translated 

to key events (milestones) in the progress of 
are highly measureable and related 

section on
the project. This topic is discussed in greater detail later in the 

project scheduling.
 

and Evaluio of Alternative Methods
Step 3. Identificato 

be employed
In most projects, a variety of methods or solution logics can 

The most common source of variation to develop the desired project output system. 


used here, for example,
is technology. 16 In the sense that technology is a 

include different methods of contraception.
family planning project output system may 

produce glass products may choose
A project to contruct a new industrial facility to 

a technology. For a given project output, 
a floatation process technology or mold 

of reaching
different kinds and combinations of inputs may define alternate methods 

17
, 


The most common example of this is the different degrees
the project object:tves. 


that could be built into the
 
of automation (rnombinations of labor and capital) 

project output system.
 

For this reason, project management must be able to assess 
available


16. 

This subject


technologies (both indigenous and fotaign) that can be applied. 


is treated in a separate learning package on technology assessment, 
transfer and
 

implementation.
 

Least cost alternative studies, as performed by organizations such
17. 

as the World Bank, frequently consider alternate technologies, 

economies of
 

scale, and combinations of inputs.
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In order to define alternate methods in sufficient detail to permit evaluation 

Df their relative merits, it is usually necessary to define activities for each
 

nothod. The appropriate degree of specificity indicates major differences among
 

Differences in benefits
alternate methods in terms of both benefits and costs. 


are usually reflected in performance of the goods or services produced by the
 

project output system. in the family planning, example, birth control pills would 

be likely to exhibit greater reliability than prophylactics if the client is 

properly trained by the dispensing agency. If the time for project completion 

is a critical factor, it may also be beneficial for project management to develop 

a schedule of milestones (major intermediary events) and prim.ary activities for 

each feasible alternative method. (The evaluations may use a ary CPH, networks 

or simpler scheduling methods to determine the elapsed time necessary to complete 

the project, given each alternative). To the extent that project managers plan 

each alternative with sufficient detail, the eventual choice will be made on.the
 

basis of knowledgeable tradeoffs among time, resource consumption, and final
 

performance levels of the output system.
 

Step 4. Choice of Appropriate Method or Methods
 

For those projects that employ well-known technologies and use abundant
 

Local raw materials and labor, the evaluation of alternate methods can be made 

accurately with a fairly high degree of certainty in the predicted results. In
 

this case, the planning performed in the previous step may specify an alternative
 

that is clearly superior in terms of all or at least the most important objectives.
 

The decision process is then rather simple and often choices can be made directly
 

by the project manager.
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in mo.-t cases, however, more than one alternative proves to be superior on
 

the basis of a least one important criterion. The decision process becomes more 

complex as the number of conflicting objectives increases. Defining weights for 

the various dimensions is difficult because of differences in quantifiability 
and 

measureability and because the different constituencies that are affected 
by. the
 

In many instances of this 
project will have substantially different preferences. 

trying to aggregate dissimilar measures.sort, project managers should avoid 

or a variety of constituencies are involvedWhen higher-level decision makers 

in the choice process, aggregation can hide real conflicts and tradeoffs 
that are
 

better resolved before the project enters the implementation stage. Frequently 

meetings that inilude representatives of different constituencies, 
such as sup­

porters and beneficiaries, will 4nduce sufficient participation to assure 
that
 

the final choice represents a negotiated position acceptable to all £nfluential
 

parties.
 

factor affects the process of choosing between alternativeAnother important 

the degree of uncertainty may be so high for all known alternatives, and
methods-

success of the project may be so important, that no single alteraative 
can


the 


be chosen. Rather a strategy of pursuing several alternative methods simultaneously 

This
 
must be adopted in spite of the obvious disadvantage of increased costs. 


condition is particularly common among experimental projects in which success
 

The pursuance of parallel methods

depends on discovery of appropriate technology. 


of uncertainty are political instabilities
is equally justifiable if the sources 

or vagaries of funding sources.
 

If several parallel methods are adopted simultaneously at thib stage of
 

is project managementdelay choice. When this done,planning, the net effect is to 


must establish frequent control check points at which the relative uneertainties
 I 
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of each method are reassessed. In this manner, the choice of the "best" method
 

will not be delayed beyond the point where uncertainty has been reduced to
 

tolerable limits.
 

Step 5. Elaboration of Project Activities: Defining the Project Work (Task)
 

Structure
 

In order to develop schedules and budgets in later stages of planning,
 

the chosen method (or methods) of pursuing project objectives must be trans­

formed into specific activities that will be performed by the project
 

To the extent that project managers have been involved in
organization. 


similar projects in the past (which is most likely to be true for demonstra­

tion projects), management can define the activities in considerable detail
 

without external assistance. The appropriate level of detail for activity
 

1) the budgetary
specification at this point in time depends upon two factors: 


money, personnel, facilities, scarce materials) accuracy that is required for
 

funding decision making and 2) the required articulation of .Mportant relion­

ships between activities to ensure coordination.
 

Defining the work structure of the project requires first the establish­

ment of the logical bases for dividing the total work into specific activities,
 

A common basis for division is
tasks and subtasks in a hierarchical fashion. 


the items in the project output system. Thus a simple irrigation system project
 

might be divided, on the first level, into construction of a pumping station,
 

digging of flow channels, and establishment of the administrative authority.
 

Another related common basis divides the project work into the functions of
 

items described above (hardware, service, operations). Other bases include
 

the required skills of labor for the project or geographic divisions. Different
 

bases may be used for dividing the work at each level of the work structure.
 

Siuce budgets and schedules are defined, in later planning steps, on the basis
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of the work structure, analysis and proper choice of the structure can save
 

considerable replanning at later stages. For example, if the work is first 

divided on a geographic basis (which it might be for a transportation project), 

In contrast, abudgets and schedules will be prepared for each region. 


division by item may call for separate budgets, etc., for the bridges, road­

ways, and signs and support systems. The implications of the choice of this
 

first breakdown level are frequently substantial for the selection of further
 

breakdowns into tasks and subtasks.
 

In many experimental projects, personnel will include a high proportion
 

It may be
of professionals such as engineers, physicians, or agronomists. 


necessary for project managers to solicit the consultation of members to these
 

If possible,
professions in order to define activ'Lties in sufficient detail. 


those professionals eventually selected to staff the project should be used
 

in this earlier stage of planning. The exact specification of how tasks are to
 

be performed should be left to individual professionals responsible for task
 

performance during implementation. Activity planning can become overly detailed
 

prematurely, thereby confining and demotivating professional staff riembers.
 

Step 6. Obtain forecarts
 

Estimates must be provided to forecast potential performance levels of
 

the output system (the number of patients processed by a health clinic with
 

certain quality standards or the number and grade of pineapples per hectare),
 

costs for operating the output system, capital investments during and after the
 

project, time for project completion and operating horizons for the output
 

system. For each of those activities defined during the planning step, time
 

and cost schedules should be obtained, preferably from thor, Individuals who
 

will be responsible for implementation.
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Step 7. Calculation and Review of Output, Cost, and Time Schedules
 

After individual project activities are budgeted and scheduled, aggregate
 

In this first attempt,
budgets and schedules can be calculated for the project. 


the total cost or scheduled time may often turn out to be excessive. Reviews
 

of "critical paths' or inordinately expensive activities frequently reveal
 

to reduce budgets and schedules to sources of tradeoffs that may be made 

feasible proportions. 

Step 8. Securing Approvals: Sumary Plans and Proposals 

the dispersion ofSecuring the approval of a project proposal and assuring 

the project planning process depending
funds may occur at quite different points in 


One such factor is the source of the funds. If private

upon several factors. 


capital is used, internal approval will often be granted by top management in
 

stages as the potential returns from the project become more evident 
from
 

market surveys, prototype testing, and pilot plant operations. If funding is to
 

be provided by indigenous governmental agencies or development banks, 
credit
 

a multinational assistance organiza­worthiness may be less of a problem than if 


a loan. In the latter case, substantially more financial and
tion provides 


a loan will be granted. Even within
economic analysis maybe required before 

a specific assistance agency, differences in approval requirements 
and timing
 

from the World Bank are frequently approved at 
may exist. For example, loans 

an earlier stage for projects that are primarily in "social" sectors 
such as
 

education, population, or nutrition as compared to more traditional 
"bricks
 

and mortar" projects such as are usually found in the transportation or
 

industrial sectors.
 

Securing approval of the project proposal is the first step 
in securing
 

If project managers have been properly interacting
formal commitment of resources. 


with important constituencies to formulate plans in earlier 
stages, then the
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approval process can be more readily expedited. A formal "chain of comand" often 

ezists in public sector project approval processes to secure legal ratification, 

political legitimization, and the allocation of funds. However, project managers 

cannot ignore those constituencies that are not part of the formal review and 

In someapproval process but who can influence the success of the project. 


instances, the project approval process cau be influenced by encouraging bene­

to form power groups and lobby for necessary legislation, fundiug, andficiaries 

support. In the private sector, development banks are frequently influenced in 

decisions (especially on loans to small and medium-sized firms) iffunding 

.or
advance orders or commitments can be secured from future clients customers. 

Step 9. Communication of AgUegate Plans; Elaboration of Activity and Task Plans 

Once approval and funding is secured, project managers can begin organizing 

the project.18 As management begins staffing, it adds additional managers and
 

As the work force, professionals, and
stnff specialists for large projects. 


additional managers join the project, the aggregate plan must be amplified to
 

determine how and when elementary tasks and subtasks will be performed. If the
 

project is large enough to require more than an individual project manager and 

his immediate staff, a project management organization must be formed. As this
 

formal planning increases rapidly.
organization grows in size, the importance of 

For each manager to develop plans for that portion of the project under his 

understand aggregate objectives, assumptions, and policies,responsibility, he must 

Thus formal planning not only assures that the individual project manager 

develops plans in a complete and logical manner, but it facilitates comunication 

and coordination with others working on the project.
 

18. This extensive subJect, the organizing of projects, is covered
 

in another learning package.
 

http:project.18
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In some instances project activities are programmable; that is, decisions con­

cerning specific use of methods and tools, and resource allocation can be better made 

individual performing the work. Lower level projectby top nmsment than by the 

managers provide supervision to lov-ekilled laborers by providing detailed descrip­

tions (plans) of tasks and subtasks. The participation of the individual or group 

in task planning will be lower if management has greater expertise for deciding 

hew it is to be done. This form of planning is sometimes referred to as 

spells out the 'detailed procedures toprocedural Plannins because management 

bii used; task performers have few decisions to make. if, however, the majority 

of the tasks are not progrmmmble but rather require considerable skill, profes­

sicaal knowledge and judgment on the part of the performers, then project manage­

ment must seek th.ir participation in task and activity planning. Mnzgement 

must than use a form of participative planning sometimes referred to as declara­

tive planning. Using declarative planning, management specifies what is fo be 

accomplished as well as the time znd other resources available to perform &.e 

task. How the task is to be accomplished and the methods and approaches that 

are most appropriate are decided by the task performers. Figure 4 sumarizes 

the main advantages of each form of planning. The respective advantages will 

suggest to project management 4Whither elaboration of specific tasks should be 

more declarative or procedural. 

Just as different forms of planning are appropriate for various project 

task situations, so are different methods of communicating plans. If a. plan is 

accuratecomplex or involves considerable tochnical knowledge and language, 

cmmunication may be difficult if a noninteractive form of comunication is chosen. 

is communication -- as in the distribution of
Noninteractive coamunication one-way 

written memoranda or a message over a loudspeaker -- in which the receiver of the 
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Procedural Planning: 	 specification, in a detailed step-by-step sequence, of 
a set of actions which will result in the accomplishment 
of a desired outcome. 

Advantages: 1. efficiency in imparting expertise to less trained 
.or 	skilled subunits. 

2. 	 may be communicated quickly in a non-interactive 
mods to large audiences. 

Declarative Planning 	 "spacification of a desired outcome and organizational 
resources available to accomplish Lt. The actions for 
achieving it are to be determined by subunits responsible 
for 	implementation. 

the 	planning process usuallyAdvantages: 1. greater involvement in 
means higher motivation to accomplish desired outcome. 

2. 	 novel and creative methods may be discovered to accomp­
lish the outcome. 

3. 	 better matching of capabilities to methods (if desired 
outcomes are reasonable given the resources available). 

Figure 4: Advantages of procedural and declarative planning processes 

plan has no opportunity to test his understanding by interacting with the sender. 

Interactive counmication allows the receiver to question or paraphrase the 

com­message to test his understanding with the sender. Each of these forms of 


inFigure 5) for the trans­munication has its respective advantages (as shown 

mission of plans.
 

Thus as project implementation begins with staffing and structuring of
 

the project organization, planning continues with the elaboration of aggregate
 

planning into project tasks and subtasks. As the organization grows, the planning
 

process expands to include the intentions and actions of new members and groups. 

For 	those new groups with substantial responsibility for planning their own
 

activities, a similar sequence to that described above for project management must
 

be performed at the appropriate organizational level.
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e Advantages of Interactive
 

- Greater massage content transmtssin accuracy 
- Receivers more satisfied, can test for errors 

a Advantages of Nonintractive
 

- Faster 
- Transmitters more satisfied, not under attack for 

.poor " cunication 

Figure 5: 	 Advantages of interactive and noninteractive forms
 
of cumuniction
 

Step 10. 	Development of Progress Monitoring 
and Control19
 

Monitoring of Internal Progress and Environmental 
Chanae19
 

Step 11. 

19
 

Step 12. Measurement of Progress


Step 13. 	 Identification of Problems and Obstacles
19
 

Step 14. 	Replanning of Project Activities and Resource Reallocation
 

In almost all development projects, progress deviates considerably from
 

plans. Most plans turn out to be overly ambitious, and tend to understate
 

resource constraints, delays and capability to accomplish acti,ities. Some of
 

this ambition is necessary to provide motivation and secure approval. However,
 

as obstacles and schedule slippages are identified by control processes, project
 

managers must respond positively to the situation by seeking solutions to specific
 

problems and replanning schedules, resource allocations and final outputs. So
 

many sources of unanticipated problems exist for development projects that
 

19. These 	elements are normally considered "control" functions but are included
 

here in order to emphasize their close relationship to the planning logic. They are
 

described in detail in the learning package entitled Project Management Control
 
Processes.
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implemuntation planning frequently requires creative problem solving on an almost 

continual basis by both project managers and technical experts. 20 Much of this 

replanning takes place at the task or activity level, but frequently no solution 

can be !ound that does not require modifications of schedules and budgets. If 

are resources canthe ramifications of plan modifications known early enough, 

sometimes be reallocated from activities containing slack or be augmented by 

additional funding. Scheduling techniques can be incorporated in the planning 

areprocess to facilitate plan modifications and operational changes. Those 

discussed in a later section.
 

Step 15. Termination Planning and Preparation for Transfer of Project 	Results 

orXany development projects are not terminated at the proper time in 

an effective manner. Because projects are limited in scope with specific output 

and performed by temporary organizational arrangements, managers must design 

project termination well in advance. This is a form of planning rarely done 

by those who manage ongoing organizations and hence, few =nagers have adequate 

skills or experience in planning for project termination. To improve the process, 

In defining resource
termination planning must begin at the outset of a project. 

requirements, for example, the expected life of the project should not be 

unless management plansconsiderably less than the life of physical equi.pment 

for the transfer of 1.his equipment to the project output system, to another 

can be resold. If bulldozers, for example,project, or to a market where it 


are purchased and maintained with the intent of securing ten years of service,
 

but the life of a dam building project is only three years, then project managers
 

must plan to transfer the unused portion of these resources to another activity.
 

20. This subject is elaborated in the learning package on project
 

management problem solving.
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managmnt must also plan for termination before the expected completion 

date because many development projects should be terminated for reasons other than 

successful attainmmnt of objectives. These reasons include the discovery of more 

effective alternatives, shifts in client or donor support, unsatisfactory progress 

or proven infeasibility, or the loss of critical capabilities such as key personnel. 

Although these reasons may be fairly obvious to the objective observer, projects 

are unlikely to be terminated unless management accepts this as one of its primary 

responsibilities and, thus, plans appropriately. Without proper planning and 

control processes, managers may overlook unsatisfactory progress. The process 

of planning for termination, whether tha project is successfully completed or not, 

should include the experts who are providing professional irnuts to the design 

of the project output system. Often they resist termination of unsuccessful 

projects for fear of damage to their professional reputation. They may also 

resist termination when objectives have been accomplished for fear of a premature 

"design freeze;" they may wish to increase quality or reliability beyond a point 

that is economically justifiable. Providing participation in early termination 

planning and providing other opportunities for their professional involvement 

may overcome some of this resistance. 

Planning for termination means more than preparation of a final report. 

aAs discussed earlier, the project output system muse be designed in such 

manner that it can be transferred easily to those who are responsible for its 

routine operations. This may include training and development of the "acquisition 

system." Reallocation of =nconsumed project resources must be planned, particularly 

for project personnel because they will often have i-roved capabilities as a 

result of the project experience.
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In smmary, following the logie: of project planning described above
 

.(or some similar process), a series of planning documents will be generated
 

including statements of project objectives and output system specifications,
 

a project proposal, schedules, budgets, and diffusion plans. These documents 

may be prepared with inputs frau a variety of sources but it is the responsibility 

of the project menagers to ensure that they are consistent and that no major 

gaps occur in the planning process. * 

* For Discussion Ouestions and Recommended for this section see pages 71-72. 
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Project Scheduling * 

in the last decade, a wide variety of scheduling techniques have been 

developed for the management of projects. Use of these techniques has spread 

of management and combinations of the techniques are
rapidly to all levels 

used to assist in many different functions and phases of project 
manage-


Su aary or milestone charts are used by top management to plan
ment. 


These projects
coordinate the activities of lower-level projects.
and 

of activitiesoften use scheduling techniques.. to pi: vide detailed descriptions 

within the project and activities requiring coordination with other projects 

or with project subcontractors. The techniques are used to formalize many of 

the planning, control, and implementation functions of management. At the 

the definition of the logic of the networkinception of a program or project, 

or chart requires planning of activities to the level that facilitates the selec­

tion of technical problem solving approaches. At this stage, alternate plans 

may be generated using these techniques in ordertto judge the cost and schedule 

of performing project activities. After theimplications for different methods 

selection of one method, time and cost tradeoffs are made to affect the scheduled 

completion date or by introducing additional planning factors (such as the use 

of scarce human or physical resources). This may be accomplished through the 

of additional scheduling techniques, such as resource reallocation, manpoweruse 

loading, and responsibility charting methods. 

to manage-Control techniques are used to monitor progress and issue reports 

ment for corrective planning, if necessary.21 In the highly uncertain environment 

21The process of control and its relationship to planning is elaborated
 

in the learning package entitled "Project Management Control." 
from this section*For outline of cognitive learning outcomes expected 

see page 73.
 

http:necessary.21
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of program and project management, schedule and budget slippages ocuur fairly 

frequently within some of the activities. Management can use the scheduling 

techniques as cools for determining what managerial actions are appropriate. In 

other words, if the slippage is minor and does not affect the completion of other 

activities, mauagemnt can deal directly with the implementation problems of 

Perhaps staffing is insufficientthe work group responsible for that activity. 

or de.linquent materials can be expedited. Technical problemsmight be solved 

by holding problem solving meetings with the work group or provi4ing expertise 

t1o Problems of leadership or moraleand consultation from outside work group. 

within the work group might also be alleviated in an analogous fashion. The 

scheduling techniques may, in fact, indicate that even with slippage, the project 

not critical in the schedule. Inwill be completed on time if the activity is 

such a case management may simply choose to ignore the slippage (using the 

exception principle) thereby directing its attention to areas which are more 

im'ortant to the success of the program or project. 

If the slippage indicates a major problem in terms of completion within 

the scheduled time or budget, the techniques may be employed again to facilitate 

It mayreplanning efforts tz reallocate and redirect prrject resources. 

For example, different
 even be necessary to change the previous planning process. 


the management functions chatscheduling techniques might be used to improve 

are most needed to correct problems encountered in implementing the proj act. As 

of their simplicitly, were usedan illustation, if Gantt charts, because 

as the major planning device,and if the project appears to be suffering from 

a lack of co-munication and coordination between activity work groups, a network 

greater recognition of thescheduling technique might be used to introduce 


relationships between activities.
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In this discussion, the work scheduling is used in a special context. 

In the most comon context (the scheduling of the repetitive production and 

distribution of current goods and services), the required activities are wall 

known and the available resources are also well defined. Scheduling is then a 

relatively simple process of assigning the activities to the facilities and 

ot?.T*resources. Because program and project activities generally involve more 

inique, novel, and perhaps even highly creative kinds of activities, little is 

known in advance about the specific work to be performed and the resources that 

will be required. For that reason, scheduling involves a great deal of planning 

which defines the necessary activities for successfully reaching the objectives 

of the program or project. This initial planning effort of defining the activities 

is often done in a highly iterative and participative mode, particularly involving 

those experts who will be performing work activities that generate novel, creative 

results.
 

Because many of the scheduling techniques may be used in a variety of ways 

with great differences in detail, both program and project managers should under­

stand the purposes of the techniques, the potential benefits from their use and 

the costs associated with their implementation. Program and project managers 

must not only select the proper combination of scheduling methods but also 

educate and motivate the project tam to use them. This must be accomplished 

not only for the initial planning but also throughout the implementation end 

control phases during the life of the project. To do this, managerint must be 

actively involved in the following four functions: 

1. 	 Selection of appropriate scheduling techniques. This implies 
an understanding on the part of the management of the diversity 
of the techniques and the benefits and costs associated with the 
use of each. 

2. 	 Education of personnel in the use of the techniques. 
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3. Assurance of uniform use of the techniques by project personnel 
to develop a coordinated plan of sufficient detail for identifi­

cation of major points of coordination and potential technical 
program and projectdifficulties. Management must motivate the 

tea a to plan, in order to avoid the false starts that are encountered
 
when development projects proceed without adequate planning.
 

4. 	 Establishment of progress monitoring and reporting procedures 
using the techniques to facilitate replanning as technical and/cr 
administrative problems are encountered. 

perceived as using and supportingIn addition, project managers must be 

the planning and control activities. In the control process, project management 

must be perceived to react in a positive manner. Correction of schedule or 

budget slippages should be the purpose of control, rather than an emphasis on 

fault finding and punishment. Unless the control function is perceived as being 

fair and objective, activity progress and other information will not be reported 

accurately and the control system will be ineffective. This does not imply that 

incompetence should be tolerated but rather that project management should
 

demonstrate the proper tolerance for project uncertainties and events that are 

outstde of the control of those whose performance is being evaluated. 

a set of criteria are described
To assist in the selection process, 


in Figure 6 and the various techniques as they are discussed will be evaluated
 

on the basis of these criteria.
 

When considering the costs and benefits of using any scheduling technique,
 

one must be careful to specify how it will be used and the detail which is
 

needed at each level of management'. A common error of project management is
 

to try to use the scheduling documents, charts, and reports with the same level
 

of detail that is needed for lower levels of aztivity management. In addition
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Benefits
 

The 	technique facilitates:
 

1. 	derivation of output specification
 
2. 	delineation of required activities
 
3. 	coordination and communication between work groups and levels
 

of management
 
4. 	determination of type, amount, and timing of necessary resources
 
5. 	recognition of high-risk elements and assessment of uncertainties.
 
6. 	suggestion of alternate courses of action
 
7. 	delineation of effects of resource level chanxes on schedules and
 

output performance
 
8. 	assurance of coupling between planning and control
 

Costs
 

The 	technique requires:
 

1. 	 new forms of information from additional sources and incremental 
processing (managerial time, staff time, professional time, 
computer 	 expenses) 

control to free managerial time2. 	 additional staff or smaller spans of 

for planning tasks (increased managerial overhead)
 

and 	analyses or services by external consultants3. 	 special studies 

or staff (salaries or consulting expenditures)
 

4. 	 trainivI of the project team in the use of the technique (cost of 
training time and materials)
 

5. 	 time for preparation and review of reports (professional, staff, 

and managerial time) 
6. 	development of new systems to support the technique (budgeting, cost
 

accumulation, information, computer software. 

Figure 6 Criteria for Project Planning Technique Selectio-­

costs, the detail obscures the most pertinent issues fromto incurring excessive 

the 	attention of top management. Different levels of management may require 

different combinations of techniques. For example, the highest level may require 

use 	 of CPH because of the problems of coordinating many subcontractors while a 

task leader may find a form of Gantt 	chart to be sufficient because his small 

group works closely together and frequent modifications are made in their plans.* 

*For Discussion Questions and Recommended Readings for this section
 

see pages 74 and 75.
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Charts as representations of schedules
 

Scheduling techniques facilitate the review of project plans and progress­

through the use of charts and graphs to dka.pct activities, their relationships
 

to each other and to time schedules. The kind of chart or graph constructed
 

depends upon the specific technique being used; the procedures for generating
 

the different forws of hharts or graphs are described below. 

Regardless of the technique, generating the visual display which represents 

the plan is an integral part of the planning process. To plan, coordinate, and 

control the tass of each work group, the project must be divided into work 

activities which, when completed, will assure achievement of the objectives. The
 

detail which must be used in defining these activities depends upon the level 

Thus, at top levels of programof management and the purposes of the plan. 


administration, summary, milestone, or integrating charts consisting of a 

dozen or two activities may be adequate. At-the lowest operating levels, a 

single activity on a sumary chart may be elaborated into an operations chart 

of 50, 100, or even more tasks depending upon the complexity of the project.
 

Usually the simmary graphs or charts are developed first in planning processes 

by toi planning officials or project administrators. As projects are organized
 

to initiate implementation, the people responsible for subactivities can develop
 

more detailed charts for their work or join management in adaing detail and ex­

panding the smnmary charts. 

In deciding how to break the efforts of the program or project into 

activities to be charted, a first attempt should concentrate on operationally
 

defining objectives and sub-objectives. Tc' management should meet with
 

functional specialists, consultants, and other experts in deciding the best
 

approach to reach the goals. The methodology or approach should be aunarized
 

by working backwards from objectives to determine the activities that must be
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performed before objectives can be attained. This summary logic can then
 

be detailed by other planning teams to whatever level is necessary. (This
 

establishment of the project work structure was previously described in the
 

discussion of the project planning logic.) Enough detail must be evident in
 

the 	summary chart itself to depict the points where coordination is necessary.
 

Expansion of the charts for operating detail should involve the participation 

of those vesponsible for the implementation of activities. 

A project can be divided into smaller activities according to a variety
 

of criteria:
 

1. 	The nature of work involved (when the activity groups need different 
types of resources for their accomplishment); 

2. 	Place and time of work (when work undertaken at different locations
 
or at different times may be considered as different activities);
 

3. 	Supervision or responsibility for work; 

4. 	Method of financing the project (when a project is financed by.
 
several agencies);
 

5. 	The physical items or output subsystems upon which work is being
 
performed. 

In the preliminary stages of planning theslogic, the times for comp­

f activities should be ignored until the sequencing, relationships
letiotr -­

of activities and significant events or milestones can be incorporated 

Once this logic is developed, the activity leaders or experts should participate 

in estimating the time and resources necessary to complete each activity.
 

Wherever possible, the checkpoints or milestones should be defined in terms of
 

measurable, specific criteria which leave no doubt of degree of accomplishment
 

during the control process. This ismost iasily attained if the events can be
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a adefined in terms of some observable, physical output such as machine, 

new school, a plot of ground cultivated, or a written report of test results.
 

Gantt Charts 

simplest scheduling technique. On a GanttGantt charting is the 

name and the estimated time for comple­
chart, the activities are listed by 

tion of each activity is represented by a time-scaled bar. The bar is
 

the bar is at the
positioned on a time-dimensioned axis so that the start of 

The format is illustrated in the example shown
earliest possible start date. 


commonly used in the scheduling of repetitive
in Figure 7. Gantt charting is most 

been performed as a routine.operations, where the activities breakdown has 

such project tasks, the Gantt chartingApplied to non-repetitive operations as 

technique provides less assistance in planning and directing activities because 

it neither allows for expression of uncertainty nor reveals relationships among 

activities in a project. If relationships are not explicitly revealed by the 

scheduling technique, project management isunaware of the degree of 1lexibility 

that isallowable in scheduling each activity without affecting other activities. 

In the example below, is activity A a prerequisite for B? Does activity C 

require the partial completion of B? If any event affects the start of C, how does
 

that affect the whole project? These types of questions are unanswerable by
 

simple Gantt charts. However, because of their simplicity, Cantt charts are
 

very useful in those types of projects in which the inherent uncertainty is ao
 

great that almost constant replanning is required. Activities can be added
 

or dropped from the chart or rescheduled with a minimum of paperwork. Gantt
 

charts are therefore particularly helpful on small, experimental projects. 
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Activity 

A/I 
i 

Activities A and F are behind 
schedule. 

c 

Activities C,D,E and G are 
ahead of schedule. 

I I 
G 

Calendar Time 
Review Date
 

Percentage of activity completed 

Percentage of activity that is 
scheduled but not completed. 

Figure 7 An example of a Gantt chart 
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Summary: Gantt Charting
 

DATA REQUIREMENTS: -- number and type of activities 

-- activity duration (best estimate) 

-- activity schedule date 

-- activity progress to date 

OUTPUT INFORMATION: -- activity status -- delayed, on time, ahead of schedule 

ADVANTAGS: -- simple: easy to understand, easy to change 

-- minimal data required for construction of chart 
and updating. 

DISADVANTAGES: -- doesn't show interrelationships of activities: has 
little predictive value 

-- no opportunity for sensitivity analysis 

-- no explicit recognitLon of uncertainty 

Network Analysis
 

&nuber of scheduling techniques which rely on network models have been
 

developed and widely used in program and project management over the last decade.
 

Before examining the specifics of each technique, several general aspects of
 

network models will be discussed.
 

The models in network diagrams are composed of arrows and nodes. The
 

meaning of the arrows and nodes differ from one method to the other but they
 

represent mainly the activities and their relationships. In this example, the
 

arrows;represent the activities and the nodes represent the events.
 

BuildRoad Plant
_Build 
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It is important at this point to clarify the distinction between activities 

that resourcesand events. Activities are subdivisions of the project work consx=e 

such as time and money. An activity for a land reclamation project may be the 

four months and cost $70,OOG.construction of a dike. This activity may take 

something significant is scheduledAn event is a particular point in time when 

or the end of an activity.to happen; n event is associated with the beginning 

There are no resources associated withThe completion of the dike is an event. 

events. There exist two types of network diagramning: arrow diagramning and 

precedence diagmming,
 

1. 	 Arrow diagrnling. 

The activities are represented by arrows. 

The nodes represent events.
 

This is the case for PERT
 

In this method, it is sometimes necessary to introduce dummy arrows 

to indicate activities that have no physical significance, zero timein order 


duration, and require no resources. The dummy arrows are used to show the
 

when this cannot be done by bringing the terminals of
correct relationships 


the arrows involved together at a common node.
 

Activity A Activity C
 
o ,-)o 	 o 

o Activity B )o Activity, D >0 

C could 	begin but Activity DActivities A and B must be completed before 

does not depend on the completion of A. 

2. 	 Precedence diagramming. 

The nodes of the network represent activities rather than events. 

Activity A Activity B 

0 	 >0 
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The events are sometimes described on the chart in terms of measurable 

happenings that are particularly important in the project implementation. The 

key activities are identified by a special notation such as the square indicating 

activity 20 below. 

Recruit Train Complete Assign Workers 
Workers Workers Training to Task 

18 	 Prepare training
 
programs and facilities
 

The first procedures for CPM were precedence diagraming but now CPM is commonly 

considered the same as deterministic PERT which is arrow diagramming.
 

Critical Path Method (CPM) 

The basic elements in CPM are: 1) the flow diagram or network, 2) critical 

paths, and 3) slack or float. There are two basic versions of CPN. The earliest 

version was based on precedence diagraming. Later versions are based on arrow 

diagramming and are treated essentially as a form of deterministic PERT 2 2 Since 

PERT 	is discussed below, precedence diagramming form of CPM is explained here.
 

An example summary network for a project designed to introduce a new project is 

given below as a precedence diagram.
 

The Network 

Events are depicted by arrows. Activities are represented by nodes:
 

Activity 1: Activity 2:
 
develop engine @ test engine
 

looping is allowed.A grouping of activities and events form a network. No 


The direction of the arrow indicates the precedence relationship between events.
 

22 For a description of arrow diagraming CFM and example networks applied 

to development projects, see Kenneth F. Smith, Project Management Systems for 

Economic Development (Washington:AID). 
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-in the above example, activity one must occur before the activity "test engine"
 

can start. The langth of the arrow may or may not be time-scaled; it usually 

is not because of the difficulty of redrawing the network at each progress 

reporting review date. An example of a time-scaled network for a development 

project is provided in Figure 8. 

The Critical Time Paths 

The critical path is the path requiring the longest time from the start
 

to the finish of the network. In the initial planning, management should devote 

resources along the path to reduce the time requirement necessary to complete 

the overall project. In the implementation and control stages, management should 

continually scrutinize the activities on the critical path. 

Slack 

Some leeway exists for scheduling the start of activities that are not
 

on the critical path; that is, the non-critical activities can be delayed some 

amount of time without causing a completion delay for the entire project. The 

amount of slippage is called "slack." (The term "float" is more commonly used 

in CPM and "slack" in PERT but since the concepts are similar, the single term 

"slack" is used here. 

There are several forms of slack associated with each activity. Total
 

slack (also called "primary" or "path" slack) is the amount of delay which is 

possible without delaying the completion of the project. Free slack (also
 

called "secondary" or "activity" slack) is the amount of delay which can be 

To calculate
tolerated before the start of the next activity will be delayed. 


these slack values for a given network, four time values must be computed for
 

each activity. The calculations are illustrated for a simple CPM network in 

Figure 9. The first two time values for each activity, the early start (ES) 
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TVC Coure BgNAA ApovedAlA Approved 

TVG GraduationNAR RevAIO Drafted 
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CW Commodities In Warehowse 

Figure 8 A time-scaled PERT chart
23 

2 3Reproduced from Kenneth F. Smith, Project Management Systems for
 

Economic Development. (Washington, D.C.: AID), p. 41. 
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and early finish (EF), are calculated by a "forward pass" through the network. 

left of the network (the first project activity),That is, starting at the 

are computed for each activity such that all predecessor activitiesthese times 

must have these values associated with tham before they can be calculated for 

time that an a given activity. The early start time is the earliest possible 

activity can begin given that all its predecessors also began at their ES times. 

it takes tu accomp-The early finish time is simply the ES time plus the time 

These two values are
lish the activity, the activity duration time, ADT. 

following rules:calculated on the forward pass using the 

Forward Network Pass, activity i 
i -S-Maximmn: {Predecessors' EFs} 

E~i - ESi + ADTi 

In the example network, activity G has two predecessors, D and E. The EF of 

The second two time values 

D is 25 and the EF of E is 29. Thus the ES of G is the maximum of these 

predecessors' EFs, that is 29. The EF of G is the ES, 29, plus the ADT of G, 9, 

for a total of 38. 

associated with each activity, the late st-: 

(LS) and the late finish (LZ), are calculated on a "backward network pass" 

using the 'jllowing rules:
 

Backward Network Pass, activity i 
L'i - Minimum: (Successors' LSs) 
LSi - LWi - ADTi 

The backward pass starts at the right, the last activity in the project, and
 

proceeds to the left, towards the first activity. To start the backward pass,
 

the LF of the last activity is set equal to the EF so that the slack on the
 

critical path will be zero (as shown by the e.ample calculations). In the
 

example network, activity B has two successor activities, D and E. The LS of 

D is 25 and the LS of E is 21. Therefore the LF of B is the mini=,- of these 

The LS of B is the IF, 21, minus the ADT of B, 6, for a value of 15.
LSs or 21. 
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The total slack for each activity is calculated using the following rule:
 

TS i - LSi - ESi 

In the example network, the total slack of activity F is 33 - 25 - 8. The free 

slack is computed using the following rule: 

FSi - Minimum: Successors' ESa - EFi 

Thus in the example network for activity B, the ES of successor activity D 

is 21 and the ES of successor activity E is also 21; the minimum of these two 

ESs is the same, 21, so that the FS of B is 21 minus the KF or B which is also 

21 so that the FS of B is zero. 

Sometimes another kind of slack, called schedule slack, is used if the 

scheduled time for completion is not set by calculating the early finish of 

the last activity. Perhaps for reasons beyond the control of the project, 

the scheduled completion time, SCT, is set in advance of planning the project. 

The scheduled time for completion will then most likely be larger or smaller 

than the EF of IF of the last activity. Schedule slack may then be computed 

using the rule for total slack except that the backward pass must be redone with 

a change in the first computation step. Instead of setting the LF of the last 

activity equal to its EF, the 1. is set equal to the scheduled completion time, 

SCT. Thus, if the SCT is less than the EF computed on the forward pass, the 

Ls, and LSs of all activities will be less than when computed using the F 

rather than the SCT. In this case the critical path will initially have negative 

schedule slack. In an analogous manner, if the SCT is greater than the computed 

EF, the schedule slack for activities on the critical path will be positive. 

Because CIM shows the relationships between activities and presents the
 

planning information that is necessary for reallocating resources between 

activities, it is a very useful planning tool for projects that require careful 

coordinati on. Thus, if the activities are performed by a diverse group of 

subcontractors or governmental agencies, CPH can help project management communicate 
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Care must be taken
the role of each subcontractor or agency to its management. 


tc define activities 	so that the work to be performed in each includes only
 

that for which the separate subcontractor is responsible. Although replanning
 

requires substantial work for the revision of a large network, this effort can
 

be minimized by the proper development of a hierarchy of planning networks for
 

If top management develops only a sumnary, integrative network
larger projects. 


and the major activities on it are expanded to subnetworks by lover levels of
 

management, only the affected portions of the plans must be revised during planning
 

Thus very large projects such as construction of hydroelectric systems,
changes. 


or xtensive irrigation or transportation systems may profit considerably by
 

the u'le of CPM. 

Sumry: Critical Path Method
 

Data Requirements: 	 - number, type, and relationship of activities
 

- activity duration (best estimate)
 

- activity progress during operating pha:ie
 

Output Information: 	 - project expected completion time 

- critical activities - delays here will delay the
 
project
 

- activity slack - the amount of delay possible before
 
other activities or the project schedule is affected
 

Advantages: - explicitly depicted relationships aid project
 
coordination
 

- output information is vital to project management 
resource reallocation decisions 

complexity adds to implementation problems
Disadvantages: ­

- fairly extensive data requirements
 

- change in activity relationships require an
 

entire new 1;raph drawing
 

- no explicit recognition of uncertainty
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Program Evaluation Review Technique* 

The 	Concept 

PERT is a network technique. it is designed for planning and control 

of activities in a wide variety of program and project environments. Like 

CPH, it identifies critical paths and slack but it is more sophisticated than 

CPH because it introduces the notion of uncertainty in estimating the time. 

Use in Initial Planning Phase 

1. Develop the network. This is done in a manner analogous to that 

described previously for CN except here the nodes represent events instead
 

of activities. 

2. Develop three time estimates for each activity in the network: 

a 	- optimistic time (the shortest time for which 
there is a one-in-ten chance of completing 
the activity) 

m -	 most likely time 

b - pessimistic time (the longost time for which 
there is a one-in-ten chance) 

These three estimates should be made in conjunction with the personnel who are 

responsible for performing the work in the activity. 

3. TheJ distribution is used in the PERT estimation process. The time, 

te , is the estimated mean of the distribution of possible elapsed times that 

may 	be required to complete a given activity.
 

= a+4m+bte 
6 

The 	mean, te, is computed for each activity in the network. For calculations of 

slack and expected start and finish times, te is substituted for the Activity 

Duration Time (ADT) used with CPM. With tha exception of this substitution, 

the calculation rules are the same. The critical path is the longest path of 

expected times through the network. 

*Authorities in networking with experience in developing countries do not 

recomend PERT with 3 time estimates. Many of them feel that it complicates 

the task unduly and also provides an excuse for non-performance. 
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4. Calculate the slacks associated with each activity. The different
 

as was used above forforms of slack are computed for PERT in the same manner 

CPM, with the exception that slack is now associated with the arrows rather 

than the nodes. Instead of the one time estimate for CPM, the activity duration 

computed in the above step is used in the formulas.time (ADT), the te 

5. Compute the probability of meeting the schedule. First a variance 

is calculated for the random variables, the times to complete each of the 

activities, using the following formula: 

- (b-a) 
2 

VAR(t) 
36
 

The probability calculations in PERT assume independence between all the t's, 

and thus the variance of the time to complete any path in the network is simply 

the path. Using the meanthe sum of the variances of all the activity times on 

the critical path expected total time, TE, to completion andtimes to calculate 

summing the variances of the activities times in the critical path, provides the 

mean and the standard deviation (the square root of the total variance) of a
 

normal distribution. This normal distribution is completely defined by the mean
 

and the standard deviation and thus may be used to calculate the probability
 

For example, if the critical path has
of completion by any scheduled time, TS• 


an expected total completion time of 140 days and the variance is 100, one
 

might wish to know how certain the completton of the project is by the end of
 

150 days. The standardized normal probability table could be used by calculatiag
 

the Z value, 

Z TS-TE 150-140 . 10 

TE '7100 10 

From a normal table, the probability is 0.84 of being completed on schedule. 

Computer programs may be used which calculate the probabilities associated
 

The big advantage of PERT over CPM
with different paths through the network. 
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is that itdirects project managers' attention to highly uncertain areas of
 

the project (paths having relatively large variances) as well as the longest
 

paths. Thus the sequence of activities on the critical path may have a slightly
 

longer expected time for completion but a much lower variance than another path
 

with some very risky activities on it. The probabilities of completing by some
 

scheduled date may actually be lower for the non-critical path and thus more
 

managerial attention is warranted for these "non-critical" activities.
 

Sumary: Program Evaluation and Review Technique (PERT' 

Data Requirements: CPM plus the following 

- three time estimates by activity experts 
likely, pessimistic, and optimistic 

- most 

- project scheduled completion date 

- activity schedule dates 

Output Information: CPM plus the following 

- the probability of completing on time and the 
variability in the possible completion dates 

- the probabilities of meeting activity schedule 
dates 

Advantages: CPH plus the following 

- a knowledge of the likelihood of compl.tion times 

Disadvantages: - additional complexity 

- additional data requirements 

- high cost of replanning - new activities or changes 
in relationships necessitate constructing new graph 
and getting new estimates 

Line of Balance (LOB)
 

Line of balance is a technique using a time scaled network to predict 

the effect oa end-item delivery of delays in components or subsystems. As such 

it is used when there is repetitive production of physical goods or service 
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systems such as test models or prototypes at the end of a demonstration project. 

It pinpoints production problems by predicting delays in the final product which 

result from slippages in the components and subassembly stages. With this 

knowledge of eventual delays, the program or project managers can expedite 

late items in sufficient time to recover the schedule. Application of the 

technique requires the generation of 	 four charts: 

1. the objectives chart or output delivery schedule, 

2. the project plan and control point network, 

3. the physical inventory progress 	 chart, and 

4. 	 the line of balance chart. 

Figure 10 and explained below.Example of each of these charts is showu in 

The objectives chart simply plots the scheduled dates of delivery objec­

tives in terms of the number of units of production planned. The solid line 

represents the planned delivery schedule. The actual deliveries are plotted and 

coiLpared to the planned deliveries on each review date. The example shows the 

status of the chart as of the June 30 review. At the end of May, one unit was 

deliveries were back on schedule.behind schedule but by the end of June, 

time scaled to r'ov the key operations orThe control point network is 

placedactivities to be performed on each unit. The symbol for each activity is 

on the network in such a position as to illustrate the lead time necessary to 

accomplish the remaining activitiesi if a unit is to be completed on schedule.
 

on the
'Completion of each key activity is a control point which will be used 

remaining two charts for examination of progress. 

The progress chart shows the actual physical inventory as of the review 

date at each of the control points. The inventory is no: a numerical count 

of items but given instead in terms of copleted fabricat.ion of a type of com­

ponent for which three are required in the f4.nal product, and if thirty components 
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LOB Output 

Review
 
June 30
 

p , II 
12 4 3 2 1 0 

Schedule Months Prior to Completion 
10 Curve " 

1. Purchase order placed, subsystem A. 
8 

2. Fabrication completed, subsystem B. 

3. Testing completed, subsystem A. 

4. Testing completed, subsystem B.
 

2 i / "j-Delivery 
5. System Assemply completed.Curve 

Sdhedull Dates 6. Installed at customer.may June 

I. Objectives Chart 

Il. Control Point Network 

8-o 

WI" 

4;, 

8 

4' 

1 2 3 4 5 61 

Control Points 

2 3 4 5 6 
Control Points 

III. Physical Inventory 
Progress Chart, June 30 

IV. Line of Balance Chart, 
June 30 

Figure 10 Example line of balance charts 
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are available or shipped at the review date, the uMuAtivu production units 

shown on the chart for control point three would be ten. 

The line of balance chart translates the '=ulative production requirements 

at each control point from the objectives chart and superimposes this line of 

balance on the progress chart. To construct the line of balance, the quantities 

required to support the 	delivery objectives are detarmined from the objectives 

chart and the control point network. In the example shown below for the June 

30 review data, cillative production of four completed units is needed to be 

to on schedule. At control point four, a lead time of two months is needed 

finish processing equivalent units at that stage. By August 31, eight units 

=ust be completed so on 	June 30 there must be the equivalent*of eight units at 

or pest control point four for the necessary two 	months lead time. The line of 

the requirements at each controlbalance translates the scheduled production into 

point. As can be seen in the example, when proTesa is compared to planned 

three is behind schedule and will resultproduction, progress at control point 

in a slippage on one unit by August 31, unless corrective action is taken. Since 

at control points Wo, four, and five is ahead of schedule, resourcesprogress 


may be taken from the activities associated with these control points if their
 

use will expedite progress at the third control point. 

Suary: Line of Balance (LOB) 

Data Requirments: 	 - Output delivery schedule 

- Program plan and control network 

- Physical inventory progress information, 

the 	 neededOutput Infozmation: 	 - A line of balance or production quantities 
at each subsystem control point to support the output 
delivery schedule. 

- At each review point, the effect of subsystem slippages 
on the final schedule is determined. 
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Advantages: - Pinpoints production bottlenecks and potential 
slippages for prototypes and demonstration or 
replication programs 

Predicts effect on production quotas of delays 
in subsystem development 

- S=pler than other network techniques to understand 
and Implement 

Disadvantages: - Useful in its present form for repetitive activities 
within projects, particularly with physical output 
involved 

- Considerably more complex vith greater information 
requirements than Gantt charts 

PERT/Cost 

Planning and controlling projects so that time schedules are met may 

not be enough to assure successful completion in terms of budgets. Frequently 

schedules are compressed to avoid slippages by allocating more resources and 

overrunning the budget. Some sort of formal system is needed to relate the time 

schedule to the budget. One such method is PERT/cost. 

The need for formalizing project budgetary control varies considerably 

depending upon the budgetary procedures and practices of the organization in 

which the project is housed. In many instances, projects are defined as part 

of the activities of organizations or governmental agencies where budgetary 

and cost accounting system are based on fixed time period planning and reviewing. 

Project budgets ahoul4 be reviewed against activity progress rather than expen­

ditures in a fixed, budgeted time period. For this reason, special budgeting 

and cost control techniques, such as PERT/Cost, may be required. 

Once a network has been defined in enough detail so that the work involved 

in each activity is known, estimates of time and cost may be made in collaboration 

with the people responsible for accomplishing the activity. Tn most cases, 

resources required for the activity will be translated into monetary values for 
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the budgetary process. 	 Sometimes special scarce resources such as personnel 

are budgeted separately 	in terms of an additional measure, such as man-hours. 

This is discussed below 	 in terms of the manpmer loading technique. Once a 

monetary value is budgeted for the resources necessary to camplete a project 

activity, that monetary value must be "loaded" or assigned against a time 

the time span when that activity is expected to be in progress.schedule during 

This is done by using the activity scheduled time from the PERT schedule. 

There are several ways of doing this. One computer program simply assigns 

linear manner over the expected activity durationthe activity budget in a 

starting at the earliest start time for the activity. Other programs use non­

schedule pointlinear functions and may assign the budget starting at some 

One program requires a weeklybetween the earliest and the latest start dates. 

for each week that the activity is expected to be in progress.cost estimate 

The output of all of these methods, however, presents the budgeted cost on a 

Thus during the progresstime schedule associated 	with activity progress. 

reviews, expenditures to 	date are compared to progress to date, not some 

In this manner, projects 	whose expenditures are
artificial budgetary period. 


considerably over the projected budget will be happily accepted as well managed,
 

if accomplishment is commensurately ahead of schedule.
 

Sumary: PERT/Cost 

Data Requirements: 	 - PERT plus 

- activity budgets (planning) 

- expenditures by activity by cost account (control) 

Output Information: 	 - PERT plus
 

- cash flows and budget schedules (planning)
 

- actual-budgeted expenditures (control) 
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Advantages: - PERT plus 

- cost control information - ties expenditures to 
schedule progress 

Disadvantages: - PERT plus
 

- additional data requirements may be unreasonable 
unless simplified cost accounts are established 

Manpower Loading 

If a development project is being implemented by an organIzation or agency 

which is responsible for other projects as well (perhaps in a matrix-type stzuc­

ture), it may be very helpful to management in the organization or agency to have 

a detailed schedule of requirements for particularly scarce recources from
 

project management. This is particularly true if the larger organization is 

functionally structured and each functional area must make temporary assignment 

of its resources to different project organizations. One technique which may 

be applied is called manpower loading although it may be adapted to other kinds 

of resources than personnel, such as scarce facilities. 

This technique requires gathering estimates of resource consumption 

(specifically the number of man-hours per week) for each activity for each kind 

of. resource which is not interchangeable with another kind of resource. In many 

cases where resources are generally available or interchangeable it is sufficient 

to control monetary expenditures. if not, then the critical skills should be 

"loaded" against a time schedule by adding the resource requirements for each 

of the activities in the project in the same manner as monetary values were 

assigned using PERT/Cost. A computer program can be used to summarize by each 

skill class (if human resources are the scarcity being loaded), the requirements 

for all activities in each week when they are scheduled to be in progress using
 

either CPM or PERT. An example output is shown in Figure 11 for the network
 

illustration provided in the section on CPM. From the example, it can be seen
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Man-hours: 

100-

Project X Total Manpower Requirements by Skill 

Design Engineer 

0 10 Weeks 

Man-hours: Market Analyst 

100- w 

0 10 
Weeks 

Man-hours: 

100­

0 

Production Engineer 

Ti..I 

10 

Weeks 

Figure 11 Example manpower loading output charts 
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how helpful this type of information would be for heads of the functional areas, 

such as design engineering, if they were required to support a number of projects
 

simultaneously.
 

Simmary: Manpower Loading 

Data Requirements: 	 - CP14 or ISRT plus 

- the required man-hours for each activity by 
skill categories
 

Output Information: 	 - CPM or PERT plus 

- schedules or required manpower inventories for
 
each skill by week for the 	duration of the time 
schedule
 

Advantages: 	 - CPM or PERT plus 

- information for personnel recruiting and assignment 
(particular valuable in matrix organizations). 

Disadvantages: 	 - CPH or PERT plus 

- even greater data requirements 

- project replanning necessitatos functional 
departnent replanning 

CPM or PERT Resource Reallocation
 

As was noted in the sections describing CPM and PERT, knowledge of the 

slack associated with each activity can be of tremendous assistance in directing
 

man Zerial and project resources to potential problem areas. Formal procedures
 

can be used to analyze a network and switch funding resources from activities
 

which have a great deal of 	slack to more critical activities. To use these
 

techniques, two assumptions must be valid. First, the resources must be reasonably 

interchangeable between activities. Secondly, some of the activities must have 

an inverse relationship between time and cost and it must be possible to extend 
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or reduce the 	time whic1%would normally be required by assigning fewer or more 

resources, respectively. 

If these assumptions are valid and a formal procedure is desired, three 

time estimates and three cost estim tes urst be generated for each activity to 

be involved in reallocating resources. (Some procedures use only two estimates ­

"1normal" pace and a "crash" pacn.) One set of estimates pertains only to the 

normal time and budget as used by PERT/Cost. Two additional sets of estimates 

are needed. One set is the shortest possible time for completion of the activity 

on a "crash" basis and an associated higher cost. The other sat assies that if 

more tasks in the activity ware done in a sequential Manar rather than in 

parallel with more rescurces or capacity, then the cost could be reduced by 

method of presenting theseextending the time by some amount. An alternate 

estimates is to give an incremental cost per week (or some other time period) 

and the limit on the number of waeks which the normal time could be shortaned 

by assigning more resources. The extended time and associated savings could 

be presented In a similar manner. 

searched forOnce the reallocation data are estimated, the network is 

opportunities 	 to switch resources. This reallocation may be done by visual 

khe network and trial and error switching or it may be done byinspection of 

computer using one of the several heuristic programs available. If the budget 

for the project can not be increased, a first pass is usually made to extend the 

noncritical activities and see how much savings can be made. Care must be taken 

in this step not rn extend these activities to the point of causing them to 

become critical schedule items. Once the savings are known, they may be applied 

the critical path starting with those activities with the lowestto ectivities on 


saved. This search continues until the
incremental cost per unit time period 

savings are depleted or some sort of budget constraint is met or until the schedule 

is shortened to a satisfactory time frame. 
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Sumary: CPW and PERT 	 Resource Reallocation 

Data Requirements: 	 - COW plus 

- for each activity: normal pace and cost, 
collapsed time and cost, extended time and cost 

Output Information: 	 - COW plus 

- the allocation of resources to minimize costs 
for a given scheduled completion date 

Advantages 	 - CP14 plus 

- greater knowledge of tradeoff between completion 
dates and project costs by trying a number of 
runs with different schedule dates 

Disadvantages: 	 - CM plus 

- more data again 

- computation costs may become significant. 
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Planning Processes for Development Project
 

Management
 

Planning for Implementation
 

Cognitive Learning Outcomes include:
 

1. 	expanding the concept of project planning beyond a priori
 
appraisal of the project worth to include planning for and
 
during implementation,
 

2. recognizing the artificiality of separating planning
 
and implementation,
 

3. identifying organizational mechanisms and planning processes
 
which may enhance the integration of planning and implementation,
 

4. 	examining the role changes required for project managers
 
who 	participate inplanning for implementation.
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Planning for Implementation 

Discussion Questions
 

If learners using these materials have experience in managing projects 

and 	knowledge of the indigenous planning process, these questions should be
 

directed toward the specifics of their own country, sector of experience, and
 

current projects. If not, the concepts of the paper could best be discussed
 

in the context of a "=ase" situation. It is suggested that one or more 

guest "lecturers" who can describe the current project planning processes
 

be invited to give brief presentations and to become involved in the
 

discussion.
 

1. Give a comprehensive description of a planning process which
 
integrates a priori analysis and planning with implementation.
 

2. 	List and note the major differences between the current planning
 
processes and the description provided above.
 

some3. 	 What organizational changes would be necessary to eliminate 
of the differences noted above? 

4. 	 How would the role of the typical project manager be changed if 
he were to become actively involved in integrating planning 
and implementation? 

5. 	 Can project managers be supplied to perform this new role? How 
is a project manager typically selected for important development
 
sectors? How scarce is the supply? Are cureent project manageru 
adequately trained in project management to guide comprehensive
 
project planning processes? Is a special training program
 
needed locally to develop this body of project managers? Where
 
and how might such a program be established if it were necessary?
 



69
 

Planning for Implementation
 

Recommended Readings
 

In order to increase the learner's understanding of the relationship
 

of project planning to the more highly aggregated planning of national,
 

regional, or sectoral development, the following articles are recommended
 

for their reading.
 

"Annual Planning in Pakistan," Journal of Develoyment
Hag, Mahbul ul. 

Planning, Nuber 2, 1970, pp. 81-113.
 

I, Lee Bes. "Project Selection and Evaluation: Formulation of an_
 
Irma Adelman (Ed.), Practical Approaches
Investment Program," 


to Development Planning (Baltimore: Johns Hopkins Press, 1969).
 

"Comments on Methods of Reporting and Evaluating
Millikan, Max F. 

Progress under Plan Implementation," in United Nations, Planning
 

and Plan Implementation (New York: United Nations, 1967).
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Planning Processes for Development Project
 

Management 

Elaborating the Logic of Project Planning
 

The desired cognitive learning outcomes of this section of the paper 
include: 

1. 	a conceptual development which promotes the readers' view of 
project planning as an integrated, continuous process. In 
this conceptualization, the reader should see the role of 
project management as coordinating all of the individuals and 
institutions who provide managerial and technical assistance 
by contributing to the project planning process. 

2. 	 knowledge of one prescribed sequence of steps for the development 
of a comprehensive plan for project implementation. This knowledge 
would include an elaboration of the project management role within 
each of these steps.
 

3. 	 a conceptualization of the primary factors to be considered in 
the development of an individualized planning sequence which 
addresses the particular needs of the country, sector, and 
management style of the trainee. In other words, this concep­
tualization will help the reader plan the planning process before 
planning the project. 



71
 

Planning Processes for Development Project Management 

Elaborating the Logic of Project Planning
 

Discussion Questions
 

Learners should discuss the following questions and issues after reading 

their knowledge andthis section. The discussion can best be directed toward 

in a given sector or project. If the learners have little experienceexperience 

an 	 invited speaker should describe thewith development project managemut, 

usual planning process for one or several development sectors.
 

1. 	Check off those steps of the plnning sequence described in the 

paper if they are comonly accomplished comprehensively in the 

learners' situations and experience. 

the 	logic derived from the above exercise2. 	 Add steps or elaborate 
if it does not fully describe the typical planning process as 

experienced by the learners. 

3. 	For each step, describe the involvement of various organizations
 

and groups such as ministries (planning and other), special
 

interest groups, multinational assistance organization, et
 

cetera.
 

4. 	How might the process described in the above steps be improved
 

(for example, would increased participation of various groups
 

be desirable)? 

5. 	What value might be derived by using such a set of planning
 

steps as a checklist?
 



72
 

Elaborating the Logic of Project Planning 

Recoamended Readings 
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Richard D. Irvin, Inc., 1963), Chapter II. 
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Planning Processes for Development Project Management 

Project Schedulinx
 

This section of the paper is provided for the purpose of accomplishing 

the 	following cognitive learning outcomes for the trainee: 

1. A conceptual development which assures that the trainee will 
consider both the costs and the benefits of project scheduling 
as this portion of the planning process is designed. 

2. 	 Knowledge of the variety of techniques and methods of scheduling 
and an appreciation of the need for careful selection and use. 

3. 	 General knowledge of techniques and methods mot frequently used. 
This general knowledge emphasizes what each technique does 

(and does not do) and its advantages and disadvantages for assis­

ting in the project management process. 

that is necessary to use the techniques4. 	 Preliminary knowledge 
(for example, what informational inputs are required). 
Additional knowledge !_s necessary for the actual use of the 

techniques is provided in the accompanying exercises... 
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Planning Processes for Development Project Management 

Project Scheduling
 

Discussion Questions
 

The learners should discuss the following questions and issues in 

the 	context of a project with which he has intimate familiarity. If this 

is not possible, an outside resource such as a project manager of an existing
 

project should be scheduled to describe his project and join the discussion.
 

Another alternative is the use of an extensive case if such exists for the
 

appropriate sector and culture.
 

1. 	 For a given project, choose three possible scheduling techniques. 

For each level of project management, define the effort and detail 
that would be appropriate for the techniques. List the benefits 
(in terms of improved decision making) and the costs associated 
with the technique. Which seems to be the most appropriate? 

2. 	How widely used are the various techniques in the experience 
of the participants? 

3. 	 What assistance (in terms of planning staff, computers and 
software, etc.) is available to managers who want to make greater
 
use of formal planning techniques?
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Planning Processes for Development Project Management
 

Project Scheduling
 

Recommended Readings
 

In order to increase the knowledge of the learner in the detailed 

use of 	network planning techniques, the following readings are recomanded. 

Packard, Philip C. Critical Path Analysis for Development Administration
 
(Paris: The Hague, 1972). 

Peart, 	Alan T. Design of Project Management Systems and Records (Boston: 
Cahners Books, 1971), Chapter 2. 

United 	Nations Industrial Development Organization, Programming and Control
 
of Implementation of Industrial Projects in Development Countries 
(New York: United Nations, 1970).
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Introduction to the Exercise Section
 

This section contains several exercises and cases. They are included
 

here as material which can be used to simulate some of the planning process and
 

related issues. It is expected chat use of this material will assist the 

their r-oject plavaing knowledge and tkills.participants in the development of 

Each of the exercises contain detailed instructions of the procedure 

so can be an excellent simulationfor using them. The '"ollow Square" exet 

separated from implementation.of the dynamics which can occur when planning is 

"Preparing the Network" allows the participant the opportunity to apply net­

vorking to som activities with which he is very familiar. The "Comuunication 

Plans" exercise can be used to illustrate the differences in the procestiesof 

The "Role Analysis
and results of interactive and non-interactive planning. 

tool chat can be utilized during and after the training sessionTechnique" is a 

to clarify role responsibilities ci the project. 

suggested procedure forThe case discussion exercises are preceded by a 

The cajor utility of eachchair use which is applicable to all the cases. 

case is presenced in thu s mary preceding the cases. 

All of the smircises, including case discussions, are presented here 

for use by trainers in project management workshopsas supplementar7 macerial 

and training sessions. le is the trainer's responsibility to dectda which of 

the exercises are most appropriate 1or his vorkshop and particular learning 

used can be added to the backlog of trainingobjectives. Those *xercises not 

v cerial which will be available for use in future training sessions. These 

exercises can be best used by assisting the participants work through them, 

concicually helping the participants to relate what they discover and learn' 

to Lhair own experUences in project management. 
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Introduction to the "Hollow Square" Exercise 

The "Hollow Square" exercise is a very good tool for illustrating the 

group attempts to plan some activities fordynamics that occur when 1) one 

others to implement, and 2) a second group attempts to implement plans made 

by another. The task used in the exercise is relatively simple compared to 

adevelopmental project tasks. The construction of the hollow square is 

a clear point f termination. Yet the taskprogramable, finite task with 

a very simulation of whatis sufficiently novel and complex to stimulate good 

happens when the planning and operating groups are separate groups. 

times assumes the existence of numerous con-The planning group many 

on their freedom to interact with the operating group. These assump­straints 

tions greatly inhibit creative, effective responses to the problem. The plan 

resulting from the planning group's activities is generally not clear enough 

to implement without interactive communication.for the operating group 

This exercise usually stimulates a great deal of interaction among the
 

The excited involvement of the participants in the exercise is
participants. 


exercise withoutvery productive but it can detract from the value of the 

It is important that the groupsome facilitation on the part of the trainer. 

at the end of the exercise to a discussion of how the dynamicsdevote some time 


occur their work situations on the project.
of this particular exercise in 

What is the significance of what they've learned here to their work? 
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The 	"Hollow Square" Experiment*
 

Goals
 

I. 	To become aware of the dynamics involved in planning for the
 
accomplishment of a task which will be carried out by others.
 

I1. 	To become aware of the dynamics involved in carrying out the
 
planned instructions of others in accomplishing a task.
 

III; 	 To become aware of the crucial role of communications when
 

giving or receiving instructions for carrying out a task.
 

Group 	Size
 

No more than twenty-three members in a single er;,arimental group.
 

Two or more groups of up to twenty-three members each may be used if a
 

competition situation is desiree,
 

Time Required
 

Approximately one hour.
 

Materials Utilized
 

[I.] 	Observation Team Briefing Sheets and Observer Notes for each
 

individual on an observing team.
 

II. 	Planning Team Briefing Sheets for each individual on a planning
 
team. 

III. 	 Hollow Square Patterns for each individual on a planning team. 

IV. 	Hollow Square Key for each individual on a planning team.
 

V. 	Envelope.containing four of sixteen puzzle pieces for each
 
individual on a planning team. 

VI. Operating Team Briefing Sheets for each individual on an 

operating team. 

VII. Pencils for all group members 

VIII. Small table...for each experimental group. 

*J. W. Pfeiffer and J. E. Jones, Structured Experiences for Human
 

Relations Training, Volume II, (Iowa City, Iowa: University Association Press,
 
1970), pp. 35-38.
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Physical Setting
 

Room large enough to accomodate the experimental groups comfortably 
with access to other rooms where the planning and operatialg teams can be 
isolated. If wto or more experimental groups are competing, choose the size 
of the room in proportion to the number of participants. Tables thould be set 

up to become the center of activity; individuals should be able to move freely 
around them. 

Process
 

1. The facilitator selects four people for the planning team and sends 
them out .of _the room to be isolated. 

11. The facilitator selects four people for the operating team and sends
 
them to another room. This room should be comfortable, since this 
team will have a waiting period. 

III. The facilitator designates those members left (up to fifteen) as 
the observing team. He gives each individual a copy of the Observing 
Teem Briefing Sheet and allows the time to raid it. Eac mmber 
of the observing team chooses one member of each of the other teams 
to observe. 

IV. 	 The facilitator explains to the observing team that they will 
gather around the table where the planning and operating teams will 

be working, and that their job will be to observe, take notes, and 

be ready to discuss the results of the experiment after the operating 
teem 	has finished. 

V. 	 The facilitsaor then brings in the planaing team, gathers them around 
the table, and distributes puzzle pieces envelopes, Planning Team 
Briefing Sheets, Hollow Square Patterns, and Keys to each individual 
on the 	 team. 

VI. 	Following this distribution of materials, the facilitator explains to 

the planning t*m that all the necessary instructions are on the 
Briefing Sheet....The facilitator answers all questions, if raised,
 

with the phrase, "All you need to know is on the Briefing Sheet."
 

VIZ. 	The facilitator then cautions the observing team to remain silent
 

and not to offer clues.
 

71II. 	The experiment proceeds of its own accord, including summoning of 

the operating team without further instructions from the facilitator. 
If a competition situation has been established, the facilitator has 

the responsibility of timing the experimental groups from the moment 
Step Seven has bean completed until the experimental groups have 
completed the assembly of the hollow squares. 
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IX. 	 Following the completion of the experiment, the facilitator organizes 

a discussion arotnd the points illustrated by the experiment. He 

calls on the obser-ers for coments, raises questions himself, and 

gradually includes the planning and operating teams as they gain 

insight into their functioning. 

An example of a discussion point lies in an evaluation of the Planning 

Team Briefing Sheet. The rules established are by exclusion, i.e., 

all other actions by the planning team are acceptable, such as drawing 
Square Pattern, drawing a templatea detailed design on the Hollow 

on the table, or on another sheet of paper, numbering the pieces of 

the puzzle, etc. Has the planning team restricted its efficiency 

by setting up artificial constraints not prescribed by the formal 

rules? Have .they called in the operating team early in the planning 

phase, an option which they are free to choose? 

has 	been a competition between or among experimental groups,if there 
to the winning team's efficiency maythe 	elements involved which led 

be discussed.
 

all 	the important pointsX, 	 The facilitator may wish to sumnarize with 


raised during the discussion period.
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HOLLOW SQUARE OBSERVING TEAM BRIEFING SHEET
 

You will be observing a situation inwhich a planning team decides 

how to solve a problem and gives instructions to an operating team for 
imple-

The problem consists of assembling seventeeu pieces of cardboaA'd 
mentation. 

into the form of a hollow square. The planning team is supplied with the 

is not to assemble the parts itselfgeneral layout of the pieces. This team 
but is to instruct the operating team on how to assemble the parts in a mini-

You will 	be silent obseivers throughout the process.
mu= 	amount of time. 

SUGGESTIONS:
 

the general pattern of
I. 	 Each member of the observing team should watch 

comimnication but give special attention to one member of the planning 
one of the operating team 

tam (during the planning phase) and member 


(during the assembling period).
 

the 	planning period watch for the following behaviors:2. 	During 


Is thare balanced participation among planning team members?
 a. 


b. 	What kinds of behavior block or facilitate the process?
 

team divlde its time between planning and 
c. 	How does tne planning 

it invite the operating team to come in?)
instructing? (How early does 

3. During the instructing period watch for the following behaviors:
 

Which member of the planning team gives the instructions? How was
 
a. 

this decided? 

orienting the operating team to the task? 
b. What strategy was employed in 

assumptions made by the planning tem.are not comunicated 
to the 

c. 	Wl',


operating team? 

d. 	Ho effective were the instructions? 

e. 	Did the operating team appear to feel free to ask questions 
of the planners?
 

4. 	During the assembly period, watch for the following 
behaviors:
 

a. 	What evidence do the operating team illustrate that instructions 
were
 

clearly understood or misunderstood?
 

b. What non-verbal reactions did planning team members exhibit 
as they
 

watched their plans being implnmented or distorted?
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OBSEUV !R'S NOTES 

This Hindared
This Helped 


U 
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in 
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HLLOW SQUARE PLMW TEAM BRIEF7NG SHEET 

Each of you will be given a packet containing four cardboard 
pieces which, when properly assembled with the other pieces held by 
members of yoow team, will make a hollow square design. 

Your Task 

During a period of 35 minutes you are to do the following: 

1, 	PISA how the seventeen pieces distributed among you should be assembled 
to make the design. 

2. 	 Instruct your MUTING TEAM on how to implement your plan (you may 
begin instructing your OPERATING TEAM at any time during the planning 
period--but no later than five minutes before they are to begin the 
assmblingprocess). 

General Rules 

I. 	 You must keep all pieces you have in front of you at all times. 

2. 	 You may not touch or trade pieces with other members of your team
 
during the planning or instructing phase.
 

3. 	You may not show the RY at any time. 

4. 	You may not assemble the entira square at any time (this is to be left 
to yur operating team). 

5. 	You are not to mark on any of the pieces.
 

6. 	Members of your operating team ust also observe the above rules. 

7. 	When time is called for your team to begin assembling the pieces, you 
may give no further instructions, but you are to observe the operation. 
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HOLLOW SQTTAB PATTERN
 
properly assembled, the 17 vieces make up the following pattern:
 

/* 



C 

85
 

HOLLOW SQUARE KEY 

(the 17 assembled pieces:)
 

CD B 

A 

BA 

DD B 

D A CA C 
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HOLLOW SQUARE OPERATING TEAM BRIEFING SHEET
 

1. 	 You will have responsibility for carrying out a task for four people 
according to instructions given by your planning team. Your planning 
team may call you in for instructions at any time. If they do not 

you, you are to report to them anyway. Your task is scheduledsu-on 
to begin exactly thirty minutes from now. After that, no further
 
instructions will be permitted. 

2. 	You are to finish the assigned task as rapidly as possible.
 

3. 	 During the period when you are waiting for a call from your planning 
team, it is suggested that you discuss and make notes on the following 

a. 	What feelings and concerns do you experience while waiting for
 

instructions for the unknown task?
 

b. How can the four of you organize as a team?
 

The notes recorded on the above will be helpful during the discussion
4. 

following the completion of the task.
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Introduction to the Preparing a Network Exercise 

Network construction is an important aspect of effective project 

planning and implementation. The following exercise is designed to provide 

individuals with the opportunity to increase their understanding of and skills 

for network construction. The exercise requires that participants develop a 

network of a series of activities with which they are familiar; those they 

engage in between getting up in the morning and leaving their home. 

The general outline of the exercise can be modified where necessary and
 

used for constructing networks of other activities. This flexibility makes 

this a very useful exercise. 
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Preparing a Network
 

!uzuoes 

To provide participants with the opportunity to further davelop their 
understanding of the network construction process. 

To provide participants with the opportunity to develop their networking 
they 	are alreadyskills by constructing a network of a life activity with which 

familiar. 

To reinforce the lecture material through an experience-based learning 

exercise. 

Group Size
 

Any 	 size toup will be appropriate for this is an individual level exercise. 

Tim Required 

Approximately 45 minutes 

Materials 

Paper and pencils are required for each participating indivdual. 

Be. should inform 

Physical Settin 

A room sufficiently large for the group size is 
And writing space for each individual will be needed. 

appropriate. A chair 

Process 

1. The facilitator should explain the general purpose of the exercise 
and review the concept of a network if necessary. 

a precedencethe individuals that they will work alone and construct 
network of activitits that each person performs in the morting between 
rising and leaving for work. Start with the last activity, "leaving 
the door" and ork backwards. 

11. 	The first step is to list all of the major activities that take 
place between leaving the door and rising. 

1I1. 	Once all seem to be finished, the facilitator instructs them to 
construct the network of these activities. 

V. 	Each person :ihould add to the activities listed those of the other
 

membors of his household with whom he interacts. 

V. 	 These activities that are performed by others should be indicated 
with a double line bordering the activity box. The interactions 
should be noted.
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VI. Times for the activities should be 
and slack should be calculated. 

estimated. The critical path 

VII. Once all are finished, the participants may wish to have a discussion 
session on network costruction. The facilitator should be available 
to answer all questioas raised by the participants. 

NOTE: It may be necessary for the facilitator to clarify each step in the
 
process by giving an example.
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Planning Exercise by William M. O'Keefe
 

Vanderbilt University
 

Comunication of Plans: Interactive and Non-interactive Modes*
 

The following cuo nication exercise is included to provide participants 

the opportunity of experiencing non-interactive and interactive comunication 

for a relatively simple problem. It is expected that through this experience 

they will develop a better understanding of the value of both of the communica­

tion modes. It is important they they relate this understanding to the process
 

of planning in projects. Through discjision, it is hoped that the participants
 

will also develop a better understanding of the role of couounication in both
 

declarative and procedural planniug.
 

*Adapted and significantly modified from "One-way and Two-Way Communication" 
in Structured Experiences for Human Relations Training by J. W. Pfeiffer and
 
J. E. Jones, Iowa City, Iowa: Uiversity Associates Press, 1969. 
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Purpose: 

1. To damonltrate the strengths and weaknesses of non-interactiveand interactive co-munication. 

II. To provide an experience upon which to base a discussion of 
non-interactive and interactive commnication in procedural 
and declarative planning. 

Group Size: eight or more participants 

Tim Required: 	 as much time as the trainers think is useful (minimum of 45 
uinu'"es) 

Materials:
 

I. Chalkboard, chalk, and eraser or newpring and marking pen. 

II. 	 Two sheets of paper and a pen or pencil for each participant. 

III. Copias ifCharts I and 2. 

IV. 	Tio or more copies each of Observer's Handout, Chart 1 and 
Observer's Handout, Chart 2. 

V. Copies of Tables 1, 2, and 3. 

Physical Setting: The participants should be seated so that they are facing
 
the demonstrator of the chart. It is helpful if the
 
participants are seated in such a way that it is difficult,
 
if not impossible, for them to see each other's drawings.
 

Process:
 

I. The trainer may wish to start with a discussion of the differences
 
between Procedural and Declarative Planning, which were presented 
in the paper on Planning. He should then discuss the issue that
 
just as different forms of planning are appropriate for various
 
project task situations, so are different methods of comut.,cating
 
plans. Non-interactive communication is one-way communication:
 
the receiver of the plan has no opportunity to test his under­
standing by interacting with the seuder. Interactive communication 
is two-way communication: the receiver of the plan has the 
opportunity to question or paraphrase the message to test his 
understanding with the sender. 
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II. Phase One: Non-interactive Comnunication
 

The 	trainer should indicate that the participants will experiment
 
with the two different types of communication by partiocipating in 
the 	following exercise.
 

1. The trainer selects one person to demonstrate one-way comuni­
cation and one or two others to act as observers. Each of the 
participants is supplied with a pencil and two pieces of paper, 
one labeled Chart 1 and the second piece labeled Chart 2. 

During this phase, the demonstrattor stands with his back to
 
the 	group or stands behind a screen so that the participants
 
cannot see his face.
 

2. 	The trainer tells the group that the demonstrator will give
 
them directions to draw a series of squares. He instructs
 
the participants to draw the squares cxactly as they are
 
told by the demonstrator on the paper labeled Chart 1. The
 
participants are told that they may neither ask questions
 
nor talk with each other.
 

a. 	The trainer gives the demonstrator Chart 1, Non-Interactive
 
Communication, and asks him to study the diagram of squares 
for 	a period of two minutes.
 

b. 	 The trainer gives the observers their Observers' Handout --
Chart i -- and asks them to take notes on the behavior and 
reactions of the demonstrator and the participants. 

c. 	 The trainer places the three tables on the chalkboard or 
on newsprint in full view of the participants. (It is
 
more efficient to prepare the tables before the exercise
 
an." have them ready for use.)
 

TAUX 	 I 

MZDIAUS A~ 2 
Time 	 rlapled 

Guess Accuracy 

Actual Accuracy 

TABLE 2 . 3 

cormc 
-

Guess 
-

Actual 
-r 

mber 
Correct 

Guess 

5 5 

4 4 

3 3 

2 2 

1 1 

0 o 
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d. The facilitator tells the demonstrator to start after the
 
two 	minute period finishes. He reminds the demonstrator to 
tell the participants to draw the squares as quickly and 
as accurately as he can. The trainer should again remind 
the participants that they should not ask questions or make 
any noise. 

e. 	The trainer keeps track of the time it takes the demonstrator 
to complete his instructions and records this time in Table 1, 
columzi 1 under Time Elapsed. 

f. 	Then each participant is asked to estimate the number of 
squares he has drawn correctly in relation to the other 
squares. He then -writes the number in the upper right 
hand corner of the page. 

Phase 	Two: Interactive Commmication 

g. 	 Repeat the experience but make the following changes: a 
second demwjntrator is selected and he uses Chart 2. He 
stands facing the group. He seeks and responds to questions 
from the group. Thre is a great deal of interaction. 

h. 	 Once the demonstrator is finished, the trainer asks the 
participants to guess the number they have correct for 
Chart 2. In Table 2 he will fill in the GUESS column with 
the number of squares the people think they have correct 
from Chart 1. In Table 3, he will place the number of
 
gue-_-,: about Chart 2. He will then add each of the sets
 
of guesuss and put the average guess in Table 1 just below
 
the 	Time Elapsed for each exercise. 

i. 	He then shows the participants the original copies of Chart 1 
and Chart 2 and asks them to determine their actual accuracy. 
He totals up the scores for each Chart and gets the average 
number of correct scores for each participant. He then 
places the-average results in Table I. 

I1. 	The discussion of the results should be concerned with the following
 
questions:
 

Which type of comunication was fastest?
 
Which type was more accurate?
 
Which 	type was more difficult for the sender? For the receiver?
 
Which 	 type of communication appeared to be mgre orderly and 

controlled?
 

It will be helpful to have the observers of both exercises share
 
their observations with the participants.
 

IV. During the final phase of the discussion, the trainer should
 
facilitate the prncess of the participants' relating this experience
 
to their planning and commuication experiences in their work.
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The trainer should emphasize tne fact that interactive 
couunication contributes considerably less to accuracy after 
a problem has become more programable and routine. He 
should also emphasize the fact that interactive comunication 
is even more important in Declarative Planning than in 
Procedural Planning because the task situations are less 
well defined and need more clarification. 
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Chart 1. Nou-Interactive Comunicatiou 
(To be given to first demonstrator) 

Directions: 	 The person selected to present non-interl-ti'e comuunication 
should study the figure above. When finished, he should 
stard with his back to the group and instruct the 
participants how to draw these figures. Ee should begin 
with the top square, describe it and then describe the 
sectnd one, and then the third, etc. It is important
 
that the person describing the figures emphasize the 
relationship of the lower ones to the upper ones. 
No questions are allowed. 
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Chart 2. Interactive Communication
 
(To be given to second.demonstrator)
 

Drections: 	The person selected to present Interactive Comnuication
 
should study the figure above. When finished, he should
 
stand ficing the group and instruct the participants how
 
to draw the figure. He should begin with the top square,
 
describe it and then describe the second one, etc. It
 
is important that the person describing the figures
 
emphasize the relationship of the lower ones to the 
upper ones. 	Encourage people to ask questions.
 
Answer all questions from participants and repeat
 
information if it is necessary.
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(To Be Hauded To The Participants For Non-Interactive Communicat.on)
 

Chart 1 	 Guess Correct
 

Actual Correct
 

http:Communicat.on
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(To Be Handed To The Participants For Interactive Coauunicaon) 

Chart 2 Guess Correct 

Actual Correct 
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Observer's Handout - Chart 1 

1. Observe the demonstrator. 

Does he appear confident and sure of his presentation?
 

Does he indicate through his behavior that he is making any mistakes? 

Does the demonstrator appear to be aware of any hostility? 

2. 	 Observe the participants. 
Do they appear confident about the content of the message they are 
receiving? 

How do 	they behave?
 

Do they display any hostility toward the demonstrator? now do they
 
do this?
 

3. 	Observe the general environment. 
What is the general noise level in the room? 

How fast is the exercise being conducted?
 

Do you think the participants are receiving the message correctly?
 

4. What other observations do you have?
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Observer's Handout - Chart 2 

1. Observe the demonstrator.
 
Does he appear confident and sure of his presentation?
 

Does he indicate through his behavior that he is making any mistakes? 

Does he appear to be aware of any hostility from the participants? 

How does he respond when people ask him questions? 

2. 	Observe the participants.
 
Do they appear confident that they are receiving the maiage accurately?
 

Do many ask questions? 

Do they appear more frustrated or less frustrated than before?
 

Do they display any hostility toward the demonstrator?
 

3. Observe the general environment.
 
Is it noisier now than before?
 

Is the exercise going slower or faster than before?
 

Does there appear to be any signs of frustration in the room? 

4. What other observations do you have? 
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Introduction to Role Analysis Technique (R.A.T.) Exercise
 

Developmental projects can be characterized by a great deal of role
 

ambiguity and conflict. Many times project personnel do not clearly understand
 

their role or the set of behaviors and activities that are associated with a
 

particular project position. Pcrsonnel are not clear as to what is expected of
 

them in their role and others do not understand or they misinterpret an
 

individual's perception of his role obligations. Role ambiguity is associated
 

with the complexity of the task, the rapid rate of change in the proj.-ct, and
 

the required high degree of interdependence among the personnel. 

Conflict can result from the interactions of project participants in
 

part because of the stress coming from the requirement for innovative solutions 

to non-routina problems. Conflict also arises when one or more people are held 

responsible for the work of others. Some of this role ambiguity and conflict 

can be diminished if attention is paid to more clearly defining the roles of 

individuals at the early stages of the project. It is also helpful to define
 

roles when new personnel join an on-going project.
 

The role analysis technique (R.A.T.) outlined in the accompanying exercise
 

can be of great use when elaborating the project activities. It is important
 

to define more clearly what.kiads of performances are expected from the different
 

individuals involved when elaborating project activities. Greater role clarity
 

helps people understand and develop greater consensus for individual roles. This 

can reduce ambiguity and diminish the potential for conflict.
 

The purpose of the R.A.T. is to help individuals develop a better under­

standing of the purpose of various people's roles and how they contribute to
 

the project. R.A.T. can also contribute to the development of interdependence
 

in the project through better coamnunication and a clearer understanding of
 

mutual obligations and responsibilities.
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The R.A.T. should not be used to describe exactly what an individual's
 

authority and responsibility are in highly non-routine developmental projects.
 

Too much detail at a premature point in the project can be disruptive to the
 

task by increasing conflict and demotivating personnel. Role definitions are
 

usually very general in the early design stages of a project but become more
 

specific as the project develops.
 

The role definitions developed with the R.A.T. are temporary and need
 

periodic updating and reformulation as the project task activities change. The
 

purpose of role definition is to facilitate problem solving through a clearer
 

understanding of and consensus for a particular role's obligations and expec­

tations. It can assist in the identification of special conpetencies and can
 

result in greater individual role flexibility by influencing individuals to
 

define their roles in sufficient depth and breadth to meet the special demands
 

of development projects.
 



103 

Role Analysis Technique*
 

purposes:
 

o 	To assist project personnel in developing a better understanding 
of the purposes of each individual position and how each contributes 
to the project. 

o 	To contribute to the development of interdependence through better 
connication and a clearer understanding of mutual obligations 
and reasposibkilities. 

o 	 To minimize future misunderstanding and conflict through a clari­

fication of roles. 

Staff Size: One staff person for each group is desirable. 

Group Size: Groups of up to eiaht. or nine individuals can be utilized. 

Time Required: 	Approximataly one hour or more depending upon the interests 
and needs of the group. 

Materials:
 

A pencil and some paper are needed for each person. There should be
 
a sufficiently large amount of newsprint, masking tape and at least
 
one marking pen 	for each group. In addition, there should be an easel
 
or 	blank wall on which to hang the sheets of newsprint.
 

Setting:
 

A chair is needed for each participant. Tables may be used by each
 
group. If the room isvery large, two or more groups may share the
 
same room as long as they do not interfere with each other while
 
working.
 

Special Note:
 

Use of the R.A.T. can be dysfunctional if too much detail is sought 
prematurely. The trainer needs to assist the group in determining 
what on appropriate amount of detail is for the analysis of a role. 
For example, in experimental projects, the role definition' would be
 
relatively general when compared to demonstration projects. This is 
because the tasks c.nnot be as w1l defined in an experimental project 
because there is less experience that is directly applicable to the
 
experimental tasks than in the demovcration. 

*This exercise was developed by William O'Keefe of Vanderbilt University
 

with partial support of the Brazilian Governent. The exercise is reproduced
 

here with the permission co the Government. The exercise is originally based on
 

the work of Ishwar Daysl and J. i.Thoman, "Operation KPE: Developing a New
 

Organization," Journal of Agplied Behavioral Science, Volume 4, Number 4, 1968.
 



104
 

Process:
 

1. 	The facilitators ask each group to be seated in its work area. 
The groups must be comprised of people who normally work together 
in a project. It is very useful to have the leader of the group 
or of the project present in the group. Once the groups are seated,
 
the 	facilitators distribute the materials to each group. 

2. One of the trainers should explain the purpose of the Rule Analysis 
Technique. Each group should then pick a person whose position in
 
the 	project will be the focal role for purposes of the exercise. 
It is best to start with an individual in a leadership position. 

3. 	 The group is asked to think a few minutes in silence about the purpose 
of the focal 'ioli they've selected. How does this role relate to 
the objectives of the project? What activities are required of the 
person? What activities can he choose to do or not to do? What is 
the relationship of this role to other roles in the project? 

4. 	 The facilitator asks each group member to write the title of the 
focal role at the top of his paper, e.g. Project Leader, Design 
Engineer, etc. He requests that the group members write statements 
of their expectations of the focal role's performance. What do the 
members expect the 	focal role person to do on the project?.- The
 
facilitator instructs the focal role person to write statements about 
what he perceives his obligations to be in his role. What does the 
individual perceive he is obliged to do in his role? 

5. When all have finished writing, the facilitator instructs the group 
to select a secretary or recorder who will write down the statements
 
read by each person from his individual list. The recorder will
 
place two sheets of newsprint on the wall. On one he will write
 
"Obligations" and on the other, "Expectations." 

6. 	The 2ocal role person will start the process by reading one statement
 
of a perceived obligation. The recorder will write this on the large
 
sheet marked "Obligation." Then the person sitting to the right of 
the 	focal role person- will read a statement of an expectation he
 
has for the focal role. The recorder will write this on the "Expec­
tation" sheet. The next person will read a statement which in turn 
will be recorded on the 'Expectations" sheet. When all have made one 
statement, the focal role person makes his-second statement and it is 
recorded on the "Obligations" sheet. Each member makes his second 
expectations statement which is recorded on the 'Expectations" sheet.
 
The group continues in this manner until all the members' expectations
 
statements are recorded on the "Expectations" sheet and all of the
 
perceived obligations of the focal role person are recorded on the 
"Obligations" sheets. 

During this process there should be no discussion of the role. 
Individuals may ask clarifying questions such as "I don't understand
 
what you mean; please explain." They may not disagree at this point 
or argue for some other viewpoint. 
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7. 	After all the statements have been recorded, the group reads them
 
in silence. Once they have finished reading them, the facilitator
 
encourages the members to discuss the obligations and expectations.
 

8. 	There should be a great deal of overlap between the expectations and 
obligations. After clarification of the points in common, the group 
should then discuss the important expectations that are dLfferent 
from the person's perceived obligations in the project. Discussion 
of these differences should be pursued until the focal role person 
and the group member reach some acceptable degree of agreement. 

9. 	The exercise should end with the focal role person agreeing to write 
a role description that slmtmarizes the information discussed by the
 
group.
 

10. 	The group may wish to continue the exercise at a later point in
 
time by selecting additional group members and developing their
 
role analyses.
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Case 	Discussion Exercises 

Outline of Case Discussion Procedure
 

The trainers are encouraged to utilize the cases for discussion of
 
the issues on project planning. Below is an outline of a suggested procedure
 
which the trainer may use, or modify, to fit his particular circtmstances,
 
when discussing the cases.
 

I. 	After selecting the appropriate case, distribute it sufficiently
 
in advance of the time that the case will be discussed.
 

I. 	 Review with the group the main reavons for utilizing the case. 
For examnle; "We will discuss the 'Preliminary Study of Tractor 
Demand' case because it illustrates the type of study which must 
be done in the early stages of the project to estimate the worth 
of the project." 

To encourage good case preparation, do not assign more than one
 
or two cases per session.
 

III. 	 The issues covered in the case can later be referred to ir 
apmopriate lectures or other discussion sessions. Participants cal 
be encouraged to present brief case discussions which relate to 
problems they've Lad in their project work. 

If the trainer asks the participants to prepare for a case discussion, 
it is important that the group devote sufficient time to the case. 
If the participants prepare for a case discussion and do not have 
sufficient opportunity to discusc it, they may become demotivated. 
The lack of motivation will inhibit good case preparation for future 
discussions. 

IV. 	The types of questions that may be asked by the trainer during a
 
case discussion include the following:
 

What are the.man points illustrated by this case?
 
How do they relate to project management planning?
 
What kinds of experiences have you had on projects that
 

similar to those presented in the case?
 

The last question is particularly important. The material in the 
cases can be made more valuable to the participants and enhance 
their understanding of project planning if they have the opportunity 
to relate the case to their own experiences on projects. 



108 

Planning Processes for Development Project Management
 

Exercises: Case Discussions
 

Preliminary Study of Tractor Demand: this case illustrates the type of study 
which must be made at an early stage of project planning in order to 
determine how much the project will contribute to development goals 
(i.e., a preliminary estimate of the worth of the project.) In this 
case, a market study is made to estimate the size of the national market 
for tractors. 

Choice of Technical Aiternatives in the Chilean Electrification Programme: 
this case illustrates the types of dimensions upon which comparisons of 
technological alternatives are based. Each alternative not only 
employs different technical approaches but must also be appraised on 
the basis of the effect upon demand, ecology, capital requirements, 
operating costs, et cetera. 

Influence of the Change of Fuel and of the Source of Raw Materials on 
Production Costs and Steel Quality in an Iron and Steel Mill: 

this case provides an excellent example of the kinds of changes that can 
occur between the formulation and implementat n of a project. Each of 
these changes, if they have a major impact on thrA project output as it 
was originally conceived, can become projects lu tieir own right. At a 
minimum, replanning of the original project itJ reruired to accomodate 
the changes as illustrated in this case. 

Size and Location in a Project for a Beet-Sugar Miil: this case illustrates
 
two factors (size or economies of scale and location) which frequently
 
offer alternative project formulations. These two factors, particularly 
size, are often closely associated with technological alternatives, but
 
even when independent of the technical methods present important consider­
ations in defining the project output system. 

Iran: Dez Multipurpose Project: this case illustrates a comnon occurrence in 
physical infrastructure development projects -- the multipurpose design 
which necessitates planning coordination between several ministries, 
agencies, and organizations. Many projects which are not justifiable 
on the basis of the primary purpose become inordinately worthwhile when 
slightly replanned to simultaneously accomplish ancillary purposes. 
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Preliminary Study of Tractor Deand-

This case (Case 6) was taken from the Manual 
on Economic levelomnt Projects, United Nations 
Publiat -E/N. 12/426/Add,/R iv~l 

TAA/LAT/12/Rev.1 

Ct,. 6 

hEuMiNARY STUDY OF TRACTOR DEMAND 

The case below correspods to a study made for the 
Chilean Agricultural and Transport Development Plan 
(Pine do Desarrollo Agricola y do Transtortel en Chile). 
This time it was not made from the point of view of a 
project to install an assembly industry or for the integral 
manufacture of tractors in the coantry, but rather for 
the balance-of-payments projection used in formulating the 
Plan. The same figures will naturally serve as a first estimate 
on the order of magnitude of the national market for 
these capital goods, and it is being used in that sense. 
Details that might vary from one country to another are 
omitted, in order to stress simply the method followed, 

x. 0luw: of projection 

The basis used was the total number of tractors imported 
into the country between z939 and 1953 inclusive, sub-
tractig from is amount those which have finished theiri 
useful life (cilculated at xo years according to a previous 
survey) and ,hose not used in igriculturi-work. Hence 
it was conclu led that at the time of the study there were 
10400 tractors working in Chilean fields. It may be 
observed that in the absence of an agricultural census or 
of direct statistical information, an indirect estimate had 
to be made. As the import figures recorded statistically 
make no difference between agricultural and non-agricul-
tural tractors, an additional estimate had to be made 
concerning the number of the former. 

2. Projection 

The projection was made according to the results shown 
in table iS. 

Column B of the table indicates the number of tractors 

that completed their useful life each year, according to 
the import -tatistics for previous years. Column C refers 
to tractor demand derived from ir..reases in the area under 
cultivation, in accordance with the objectives of the Agri. 
cultura. Development ilan. Column D refers to demand 
derived from a higher degree of mechanization, that is, 
from the substitution of other forms of traction-differ. 
ing froin that achieved with tractors-and has also been 
estimated in terms of the Plan's objectives. Column E r,­
presents total annual demand. 

Average annual demand for the different periods would 
be the ?Ollowing: 

Priedi Traarl p. f,, 

1954-37 1 400z958-6 2337 
t954-69 z 868 

The corresponding average annual imports were: 
PMiodi Trtorsip oea 

1946-33 1476 
438 

The figures in tbh last column of table i8 reflect 
the upward trend in the demand component represented 
by replacement. It can also be seen that the growth in 
the replacement percentage is not uniform, as shown by the 
demand points in columns B and E. This is due to irre. 
gulauity in the historic series of tractor imports. undoubtedly 
affected by the war. That is why, in spite of an assumed 
future uniform growth of agriculturl production, peak
demands are ecorded i some ya rs of the projection 

period. 
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3. Other dame 

The market study for tractors cannot be confined to 
obtaining the figures indicated in table 18. Other data must 
also be known, such as those relating to trading and tcd,.
nical services, for instance. In the annex on asricultural 
mechanization, the Plan explains that in i95o the Corpo.
racidn de Pomrnto undertook a survey designed to discover 
various fet-es of the market. Some of them are given 
below. 

The average tractor in Chile is of 32.. h.p. at the trac. 
dion bar and replaces or is equivalent to 24 traction units."
These equivalences make it possible to estimate that the
number of tractors needed for total mechanization of the 
country's cultivated area would be 26 ooo. Another calcula­
tion, carried out on the basis of farm sizes, reached a
sirmilar figure (almost 27 ooo). Approximatey tr tractor is 
used for every zoo hectares under cultivation, a ratio which 
can be wsed as an index of the degree of mechanization. 
On the basis of this index the additional demand for 
tractors can be calculated when an increased degree of 
mechanirtion is attempted. 

Tablt 18 

CASE 6. PROJECTION OF TOTAL DEMAND FOR TRACTORS 

Aaddimm f, rsfranet Prrew. 

T.rea b iplsee.y,. Tuer Thsb ma amtaPe r4 
Ya 7. fr.~ &I$,-. unbise. s ,s old 

igNt New vted icits deand 
IV" (100 B1)

(A (B) (C) (D) (E) 

1954 ...... .. 10400 199 820 156 1175 
 17
 
1955 . . II 376 482 652 x56 2290 37 
96 ..... . .. .12184 761 70t 156 16&S 47 

3957 ........ 13041 56a z6 1525 37 
1958 ....... .13996 1703 809 x36 2668 64 
1959 ... ..... 14 96t 12 57 785 z56 2o98 56 
x96o ....... 15902 775 796 16 1727 45 
1961 ........ 16 854 1915 J84 z56 285s 67 
z962 ....... 17794
 

seer.: Dlopowmat Caoraaioa (C rperiea I F.o..t d/a Prdearils) Chdl Atilbual and Tnaap"DMwloPmM Plan. 1934. 

19. The traction unit is a horse or its equivalent in oxen.
 



Choice-of Technical Alternatives in
 
The Chilean Electrification Prograzme
 
To Meet Demand in The Third Geographical
 

Region (1953 - 1964)
 

This case (Case 15) was taken from the Manual 
On Economic Delelo~nt Projects, United Nations 
ublication E .12/426/Add.l/Rev.1/ 

TAA/LAT/12/Rev.1 

vd many should be taken out of scrvice when the suplyC's*Z) 
isadequate.For hydrological reasons, others cannot produce 

CHOICE OF TECHNICAL ALTERNATIVES IN THE CHILEAN the total of installed wr in winter (glacier system of 
ELECTRIFICATION PROGRAMME TO MEET DEMAND IN THE rivers). To sum up, of an installed power of 338 ao kW, 

THIRD GEOGRAPHICAL REGION 289 ooo kW of firm power will be available only if no 
OEG (3-164) plant goes out of service for major repairs, assuming that 

thr will be a certain minimmm flow sunultaneously in the 
. Preuentdefirit 

different rivers.©
 
The forecasts of maximum demand for electrical energy
 

in the third Chilean geographicai region were explained
earlier.' A summary is given here of the technical analysis 2. Cr padron of AvilabilitY ,nd darMand 
which was made to choose the best alternative between the The total availability has been divided into the area 
possible power stations in the region. An appendix is added supplied under a concession to a private company, and the 
to simplify the text for those readers who are not familiar remainder (zones A and B respvctavely) o 
with the technical aspects. The region is divided into two ompnaring available power with the demand in the 
zones, north and south of the River apo, shown as A zones, it may be seen that zone B has a surplus, while A 

and. , whas 	 a considerable deficit. The magnitude of this deficit hasIn 1953, when the programme was formulated, the 

not been felt to its full w'ent, since a plant in zone B
hourly demand in winter in zone A ws 311 ooand 30 000o in zone B, giving a total of 341 000 for the delivers part of its output to zone A.
region. The total installed m thisztod frd whe The base load available in zone A in 1952 Came f'r 

. edpty tthe private enterprise (z54 8oo kW) and the intercon­
338 ooo kW, of which the winter base load was estimated nected plants of the system (estimated at 41 1oo kW). 
at only 289 ooo kW, so that there was an initial deficit. The available total was therefore some x95 ooo kW, to 

All the existing installed power stations in the region whichwihmybaddthsrpuinzeB.Ix9,thmay be added the surplus in zone In 1953, thewere listed, excludingonytoeotcnetdo hdi- B. 
tribution grid. Of the nly those not connected to the dis. following was the situation in zone A: the transfer of
tib station Oud later, it is a med that. industrial 63 000 surplus kW from zone B was added to the avail­
standby stations would not operate if power wr available able z95 o0 kW, giving a total availability of 260 000 
from the grid. The power station of a mining enterprise kW against an anticipated demand of 311 0oo kW. A 
operaing inthe region was omitted, since this mine's de. deficit of o ooo KW was therefore forese, which could 
mnand was also excluded from the consumption. only be reduced inpart by the private indstral -plants 

The list of plants included details of the type (hydro- (totalling some 9 5oo kW). 
electric or thermal), the date of installation and power The deficit ininstalled ower isonly part of the problem; 
(specifying the number of units and the installed caty the deficit in energy must also be consdroed. The latter 
of each lant, total installed power and winter maxim i deficit is caused by periods of extreme drought, when the 
base l , i.e., power available inwnter
the maximum regulating reservoirs do not accumulate sufficient water to 
during periods of maximum demand). meet the daily peak load and the winter peak power and 

Ienstallation dates show that many of these plants available energy, which depends upon te flow, are thus 
were old. During the project period (1953-964) they reduced.4 
would reach the age of 5o years. Others are uneconomic, In zone B new plan's are being constructed, which, in 

See cae .	 addition to ensuring the supply, will deliver their surplus to 
zone A as previously explained. Including these surpluses, 
the availability for zone A, consisting of the z95 ooo kW 
poduced by the private enterprise plus the inter-connected 

dstrial pl2.nts and the surpluses from zone B, will be as 
shown in table 41. 
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3. Capacity to be istdled 

The availability shown in table 41 indudes all plants, 

existing and under construction, except the small plants 

belonging o industries which cannot be connected to the 

system. As from z958, the availability will be definitely 

insufficient, and between r956 and 1964 a minimum of 

300 0oo kW must be put into service, 


4. Bauric criteria for choosing aternative! 

Three general types of alternatives were discussed to 

provide the necessary 300o o kW, using the water and 


S n i14
Inplants withut &reservoir, the powerd.epends en.tirey .on 
the volume of water fowing (see the technical appendix which 
follows this example).6 Explanations of technical terms are given in the technical 

appendices at the end of cae S and of this case. 


Table 41 

CASE 1s. DEMAND AND AVAILABILITY OF ELECTRIC 
ENERGY IN CHILE, ZONE A OF "'YHETHIRD GEOGRAPH. 

ICAL REGION, 1.s1-64 
(Thonsands ol kUl") 

'would__,,,,,,, ___,_,_,t,, 


Ptak.ni ,dill
rowds 

3951,. ..... .......... a68.9 

s95: . .... .......... 291.3 

955 ............ 310.8 

1954 ......... . 331.8

955 .......... ... .. 3 1. 


1956 .......... . . . .. 378.0 

1957 ... .......... 403.6
1958................ 431.0 

5959 . ............. 460.3 

2960 .... .......... 491.7 


1961 	 .............. 525.3 

1962 ..... .......... 561.: 

1963 . ... .......... 599.8 

1964 .......... .. 641.0 


a The 	 ailahility decmsd beauuse the
tsSoslner to - A.andeclining.
dat,uhe SeWY. 

nai,, ,rD,,N. 
_ 

a6.6 
a6z.2 
268.8 
266.4
356.: 
343.2 
339.9345.5 
378.8 
374.7 

370.2 
365.4 
3602 
$54-4 


surplus'of zone B. which am 
The Won "Pmit" tu u 

coal resources of the region: possible small and medium-
sized hydroelectric plants, and"theriial ones. The general 
criterion adopted tor selection may be summarized as 
follows: 


(a) Construct first a medium-sized hydroelectric plant, 
since the absolute increases in demand are less during the 
first stage, as may be seen from table 41; 

(b) Towards the end of the period, when the annual 
increases in demand are greater, construct a large hydro-
electric plant; 

(c) 1uring the intermediate years, construct thermal 
plants to meet the demand and add flexibility to the 
system. 

5.Dicea'sion of alternatives for the medium-sized plant 

The discussion Legan with an analysis of the alternatives 
offered by two power stations (called here I and II), 
which together could have an installed capacity of 5o ooo 
to 70ooo kW, the maximum base load in winter being 
some 35 ooo kW. Although these plants were interesting, 
since they would be nea the largest consumer centre, the 
idea 	was discarded since their construction was linked to 
the execution of certain water supply works, regarding 

which no firm decision had yet been reached. In addition,because of the length and situation of the conduit, the 

construction period would be too great. The analysis then 
examined possible alternatives IIl and IV (13 oo and 

5oo kW, respectively, of winter maximum base load).
These plants were not considered capable of construction
 
imediatly wecaue nthcosereodcan
immediately because the base load and winter output 
were 	 too small; the region already had a deficit and 
urgently required greater power.

Alternatives V and VI were examined later, but con­
sidered to be of little importance. Finally, alternatives VII 
and VIII were analysed; these were possible plants whose 

water was made available to a private enterprise under a con.
cession. Alternative VII could be developed to up to 58 ooo 
kM and VIII up to 22 ooo kW; VII was preferred and 
it was included in the programme, because of its greater 
power, although its construction was more diffcult. Its 
winter maximum base load would be 40 ooo kW and it 

enter into service in x96o. 
It will be appreciated that size and urgency were the 

nredominant factors in this case, but no choice would have 
been possible without previous studies which showed the 

-general characteristics of the alternatives. 

6. Decision between large hydroelectric plants 

The 	 following fourt alternatives of over 120ooo kWr repat 
were examined for the large plantf


A: Plant with sdo metres head, z3o ooo kW. 
B: Storage plant, 125 ooo kW. 
C: Storage plant (different 

stalled. 
river), x3ocoo kW in-

D: Storage plant (different river), minimum power 
i65 ooo kW 

Alternative D (on the River Rapel) was adopted for the
following reasons: 

(a) Because of the present level of electrical develop­
ment in the zone to be served, a plant was advisable which 
could supply both the winter output and the power required 
regardless of the hydrologi,7"l conditions of the year for the 
run-of-the.river plants already existing or projected. This 
double flexibility could only be achieved with storage or 
thermal plants. In the case of Chile, taking into account 
the minimum number of kWh which this plant must supply, 
the storage alternative is preferable.$ 
Inaddition to the general preference for the storage
 

7. 	The capital letters refer to plants at particular sites.
 

8. 	The "case of Chile" implies abundant water resources in relation to demand;
 
tight coal supplies; acute balance-of-payments difficulties. The fact that
 
hydroelectric plants are preferable to thermal ones does not imply that the
 
latter method should be discarded out of hand.
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Table 42 

OF THE THIRD
CASE z5. POWER AVAILABLE IN CHILE. ZONE A 

GEOGRAPHICAL REGION' 

(Tho a ts of IV) 

,4dFaie pa i~t; 

P"A From Ike tm * 
Bprigt# /ew sox* Toli Dolkilariwe dd as.. reo, dtnmd twri se wofho 

pluw; plafifi 

67.7 263.6 5.3 
.......... 268.9 :95.9 


1952. .......... 52.0
 
951z 	 261.a 30.1

291.3 195.9 65.3 
258.895.9 62.9 

953 ... ....... 310.8 	 734
'95.9 6156.4331.81954 .......... 
 z9 .9 130.3 346.2 7.9 
1955. .... ....... 334.z 	 34.8
147.3 343.3 
1916 ....... 378.0 	 195.9 63.7
339.9 
1957 .... 85.5

95.9 144.0 ..... 4036 
345.5 

1958 ....... ... 431.0 Z95.9 149.6 	 81.5
282.9 378.8Z95.51959 ... ...... 460.3 	 414.7 77.0
49.7 X95.9 218.8

1960 ........... 	 ZZ5.1
2z4.3 40.02525.3 295.9196t ............ 	 xoo-S
264.5 460.4 
... 561.2 195.91962 .... 	 69.83Z4.1 510.0599.8 '95.91963.......... 	 559.4 8,.6
 

964 ....... ..... 641.0 '95.9 363.5 

in 1952 and the two new hydoeecttic plants ccet mplAted fat this 
a l udia works under coton.ian 

gtpw in the pagmaam (1953.1964). 

alternative, plant A, which is run-of-the river, was dis. 
carded for other reasons: it cannot produce more than 
ao million kWh in winter (against 400 million with plant 

it depends greatly upon the future operatingD); and 
its river,conditions of a projected irrigation 	 reservoir in 

which cannot be sufficiently appreciated until it has been 
in operation for some years. This eliminates A for the 
period under consideration. 
(b) Past studies of alternative C show that the con­

river would bestruction of a dam on the bed of this 
rem­extremely costly and would limit the height of the 

voir. It would also have little advantage as a source of 
electricity supply, since the rises in the river are vet7 irreg. 
ular over a period of years, and the capacity of the 
reservoir would be insufficient to give complete control. 

(c) Plant B would obtain its water from the damming 
of a lake foihrigation purposes, which is at present under 
way, and depends on the completion of that work.' The 
probable 	power of 125 ooo kW is estimated from extra­

on overpolated hydrological statistics based observations 
relatively short periods. It is therefore not known precisely 
how much water will be available in the reservoir for 
generating electricity in winter. It was considered better to 
wait until some years after the completion of the reservoir, 
during which period hydrological observations would pro. 
vide reliable data on which to base studies of alternative B. 

(d) Plant B, although it has a reservoir, is a mountain 
plant. If this were to be built first, the supply to the main 
consumer centre in the capital of the country would depend 

whichon three mountain plants, all in the same area, 
would supply more than half the power required and 
which would be linked to the consumer area by 320 km 
of transmission lines, including zoo km through moun­
tainous country. This would be most unwise from the point 
of view of possible interruptions of 	the supply. 

(e)Alternative D (the River Rapel) has the following 
advantages over the others: 

9. A water adminiatration agreement was reached.
 



Table 43 

CASE t3. AVAILABLE WINTER BASIC LOAD IN CHILE. ZONE A OF THE THIRD GEGGRAPHICAL 

(Tboxmands of OW) 

REGION. FOR THE PERIOD 1953-64 

Year 

P 

wingr
demnd 

Exising Plans 

Ci . 
Chile- END "SA 
adi Siaz4d Os.j 

Efetgrj- CiprJstlfidiv; 
js 

Jed Uasl 
lgtsa
ATydi 

New wuahs 

Saxidulits 

der 

iJla 

oC90fcatios or planned 

Therma-l 
,f,,,, aitltId pei 

Ttrlr 
Themal 

il________________________-___ 

Tol.d Dricis Rserv 
letr0i 

1951 ..... . 

1952 . ....... 

1953 .. ..... 

1954 ..... 

1955 ........ 
956 ..... ..... 

1957 ..... .. 

1938 ..... .. 

1959 ..... .. 

196o ..... .. 

z96x ....... 

1962 .. ..... 

](963 ....... 
1964 ..... 

268.9 

291.3 

310.8 

331.8 

354-1 

378.0 

403.6 

431.0 

460.3 

491-7 

525.3 

2 

599.8 
641.0 

134.8 

154.8 

134.8 

154-8 

354.8 
1354.8 

354.8 
134.8 

154.8 

1354.8 

354.8 
13418 

354.8 
154.8 

67.7 

65.3 

62.9 

60.5 

150.3 

47-3 

144.0 

14o.6 

z36.9 

132.8 

328.3 
123.5 

18.1 

1125. 

41.1 

411 

41.1 

41 

41-

41.1 

41.1 

41.1 

41.1 

41 
-

41.1 

41.1 

43.1 

43.1 

-

-

.. 

. 

. 

40 

40 

40 

40 

40 

40 

40 

40 

-

-

. 

. 

-

9 

9 

9 

9 

9 

9 

9 

-

-

. 

-

-

-

-

37 

37 

37 

37 

37 

37 

-

-

.-

-

-

40 

40 

8o 

80 

80 

8o 

-

-

-

-

-

40 

40 

40 

40 

40 

-

-

-

.-

.-

-

-

-

-

-

-

53 

ito 

165 

82.9 

82.9 

82.9 

82.9 

82.9 

82.9 

122.9 

122.9 

x62.9 

162.9 

202.9 

202.9 

202.9 

202.9 

x8o.7 

178.3 

175.9 

173.5 

263.3 

26o.3 

257.0 

262.6 

295.9 

331.8 

327.3 

377.5 

427.3 

476.5 

263.6 

26t.2 

238.8 

256.4 

346.2 

343-2 

379-9 

385.5 

458.8 

494-7 

530.2 

580.4 

630.0 
679.4 

5.3 

30.1 

52.0 

73-4 

7.9 

34.8 

23.7 

45-5 

1.5 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

3.0 

4-9 

19.2 

30.2 
38.4 

S The 4 000 kW which the Caena plant supplies to zone B have been deducted. 

I.-, 
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(i) The possibility of building a large reservoir, with 

a darn on solid foundations, which would be low 
in cost and ensure an ample supply of power. 

(ii) 	 Greater capacity. (It has been seen that the size 

of the anticipated deficit calls for large capacity). 
(iii) 	 The transmission lines to the two most importintkmconsumer centres would be only about ioo 

e trnsmttedIt)long 	 ancoldthepowr 
and 	 the power could be transmitted tlong,

154,0oo volts, 

Alternative D would provide almost complete co.trol 
of the river, but it has the disadvantage that 27 000 

ofhectares of land would be flooded, of which 8 300 are 
first quality. Economic studies were therefore undertaken to 
find the optimum solution. Until such time as these are 
completed, a minimum height of 86 metres has been esti-

which would mean flooding only 6 400 hectares,mated, 

2 300 of which have no agricultural value (river bed). 


The plant would have 65 0oo kW installed power and 

would be capable of generating 6oo million kWh per year. 
It would be installed in three units of-55 000 kW each. 

Allowing for power availability from works under con-
. ruction and from the new hydroelectric plants selected 
on the basis oi the criteria described above, the situation 
in zone A daring the period 1953.1964 will be s shown in 
table 42. 

from table 42 that there will be a deficitIt can be seen 

of 52 000 kW in 1953, and 75 400 kW in 1954. This 


to 7 900 kW, when one of the plantswill fall in 1955 
under construction enters into operation. After that year, 

the deficits will be increasingly greater until, in t962-

t963, the second hydroelectric plant of the programme begin 

but not eliminate the dencit.
opeation. This will reduce, kW in xg6 	 andViable42 shows the deficit to be it5 ooo 

be necessary to
8 6o 	 in t964. To meet this, it would 

2oooo
build new generating plants to a total capacity of 

kW, so as to allow a minimum reserve percentage. 

It was, decided that the majority of the plants should 
be thermal for the following reasons: 

(a) In 	an extensive system, such as that in the example, 

much 	 of the output being generated by run.of-the-with an adequate
risrer power stations, it is advisable to maintain 

and elasticity ofpercentage of thermal plants for security 
supply. In r952, the available power in zone A 	 was 

wasa6o oo kW, of which 32 per cent (8x ooo kW) 
from thermal plants. If only the present plants were main-

in 1964 (the final year of the programme) thetained, 
would 	 be 14.5 per cent (thethermoelectric availability 

of a total anticipated supply ofsame 81 ooo kW, out 
It is true that by that time there would b two557 oo.) 

and 	that it would not be necessaryplants with reservoirs 
to maintain as high a percentage of thermal plants as in 

wouldz952. Nevertheless, the chief storage plant (Rapel) 
and 	 until then the thermalcom 	 leted until 196o,not be 

plant wouldbe necessary, since it would be inadvisable to 

reduce the percentage so rapidly. 
If the r20 ooo kW deficit in zone A is made up with 

thermal units, the proportion of about 30 per cent wouldbe re-established. If only 8o ooo thermal and 4oooo 	 hy. 

ndnsortinthermal 4whichbedrablinitshartdded.If only 8e 
are added, the proportion of thermal plantsdraulic unitswould 	be 237.per cent. 

(b) Another reason is urgency. None of the hydro-
electric plants studied could be in service before 1957, 
and any other project would require an even longer period, 
Meanwhile, the deficit situation is such that the t2o ooo 

must 	be brought into service very soon,kW 	still lacking 

in r956 if possible. This can only be achieved with I 
thermoelectric plant.thermoe ler plan 

reason 	 for the urgency is the completeA further which 	 is aggravated byabsence of reserves in the .ystem,
the fact that most of the plants have old machinery, many 

of them having been in use for nearly 5o years. 
This leads to the conclusion that the installation of at 

least 8o ooo kW of thermoelectric power is justified, and 
it is estimated that this could reasonably be divided be. 

of 40 0o0 kW each. The remainingtween two plants 
40 oo kW would be required in 196o, and some of the 

above 	could be consideredhydroelectric plants mentioned 
for this purpose.10 

Finally, the forecasts of the demand for power and 
energy and the dates of entry into operation of the plants 
have ben presented in figures, accompanied by tables show. 
ing the demand for power and energy and yearly avail. 
abilities according to the timing of the programme. 

The entire electrical development programme planned 
for the region during the period 1953-z964, expressed in 
terms of winter maximum base load, is presented in table 43. 

The study also contains figares which show the develop. 
ment in terms of energy. Finally, there is a figure show. 
ing hourly winter peak 16ads, annual consumption and 
availabilities. 

In order to improve the supply to the third geographical 
region of the country during the first years ot the eriod, 

utilize a transmission line 	 which will
it is 	 proposed to 

the 	 fourth geographicalcarry up to 5o 000 kW from 
region. 

Technical Appendix on the Engineering of Power
 
Stations
 

z. General conriderations 

to project demand, theWhatever method may be used 
first task in the approach to the technical problem of 

demand in terms of the installedsupply is to express 
capacity required. The difference between required and 

new generating capacityexisting demand will show what 
has to 	be installed. 

Having decided the amount of power which must be 

supplied and the capacity to be installed, the next problem 
is to decide between possible alternatives for the provision 
of this capacity. For this purpose the characteristics of the 
system 	and of each power station have to be defined. This 

a study of investment and production costs, andcalls 	 for 
evaluation of these alternatives from variousan economic

angles 
Power stations can be grouped into two general types 

according to the natural resources they transform 	 into
electric power. One type is the hydroelectric power station, 

the energy provided by the watercourses of the uses 
second 	 is the thermoelectric plant,country or region; the 

which transforms the thermal energy of fuels into dec. 
tricity. 

Therefore, considering the electrical system as a whole, 
the basic question is whether to use thermal or water 
resources to generate electricity. Three factors will affect 
the decision: 

were 	also
 
18. 	 Provisionally, and only for programing purposes, these 

40,000kw 

considered to be of thermal origin. 

http:purpose.10


(a), The natural sources of energy available; 

(b) The alternative uses of these resources, including
dhe possible export of fuels; 

(c) The facilities, limitations 2nd technical combina. 

tions possible in the uise of these sources of energy to 

meet the demand in question. 


When an over-all energy programme has been com-
pleted for a country, a large part of these problems will 
have been solved. It will then be known what electric 
production capacity is to be installed, and which part of it 
will be thermal and which hydraulic. The project-maker's

task will be to study specific plants within these points

of reference. 


2. Hydroelectric power stations 

(a) Hydroelectric power 

The energy utilized in hydroelectric power stations is 
represented by a combination of two basic factors: the 
volume of water available (also called the flow or dis. 
charge), generally measured in cubic metres per second, 
and the difference in levels between which this flow can 
be utilized (head).

The flow depends basically on the hydrological con-
ditions of the area being studied, while the head depends 
on technical and economic limitations. The geological and 
dimatic factors, in addition to topographical and hydro-
graphical conditions, complete the basic picture of hy-
droelectric potential from the point of view of natural 
conditions. 

Hydroelectric power stations can generate only accord-
ing to the availability of water, which usually varies in 
the course of the day, se.son, and year, in cycles which 
depend upon the general hydrographical conditions of the 
area, hence the concept of "hydrological security", i.e., 
the likelihood of obtaining a guaranteed flow of water 
over a certain period of time. The two main types of 
hydroelectric power station and run-of-the-river storage
plants depend on the possibility of controlling this flow-
by ondage. 

IC technical study of a hydroelectric plint covers 
essentially the following aspects:

(i) Research into the water resources and the pos.
sibility of using them according to local topographical,
geological and meteorological conditions and the nature 
of the watercourse; . 

(ii) Decision on the type of plant to be built and plan-
ning of the civil engineering works; 
-(iii) Planning the electrical engineering at the pro-

duction, transmission and final distribution stages.
The very nature of the water resources, depending as 

they do on hydrological cycles, necessitates observations 
over a long period of years. 

These three aspects are closely inter-connected, and,
in order to arrive at the final solution, all of them will 
have to be considered in the light of the general pro-
gramme and of the economic and technical elements of 
the problem. The electrical engineering of a power station 
includes the aspects relating to anticipated demand. Civil 
engineering must deal with the problem of utilizing the 
energy of the river, according to its natural characteristics, 
that is, utilizing the potential energy of the flowing water, 
Joint ulanning of these two aspects of engineering there-fe '. cimplies coordaton of the characterstcstank)
availability of useable energy and the demand for dec-
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tricity. This co-ordination is representcd physically by the 
common shaft of the turbine, through which the flow of 
water passes, and the electric generator, from whose ter­
minals the electricity flows to the consumer. 

In conventional language, therefore, in a power station 
there are a "supply" of energy and a "demand" for elec. 
tricity. The former is represented by the source of energy
employed and the installations for its utilization and 
transformation; the latter is equivalent to consumption
requirements. The supply varies in hydroelectric plants
according to the hydro-ofcal characteristics of the water. 
course. Since the demand is also variable, according to its 
own characteristics, special synchronization problems arise 
in hydroelectric plan.- which do not occur in thermoelec. 
tric ones, where the supply of energy/, represented by fuel, 
only depends on its procurement. 

M Storage basins 

The presence or absence of storage basins in hydro.
electric praits'constiiutes" the basic difference between the 
two types into which they were divided above: run-of.the. 
river and storage.

Run-of-the.river plants are characteristic of the upper 
or middle reaches of rivers, where the water is used with. 
out any large-scale prior storage (up to one day's con­
trol), or at best, with only a balancing tank. 

Storage plants consist essentially of a dam or retaining 
wall for the water, at the most appropriate place, (narrow
gorge) which will allow the accumulation of water up. 
stream. The amount of water accumulated wgill depend
partly on topographical conditions and the height of the 
dam and partly on filtration and evaporation (geological
and meteorological conditions); its capacity may also be 
affected by the accumulation of silt carried down by the 
waters. Storage allows better distribution of the water, and 
consequently better utilization for generating electricity.

The storage cycle is the period between two dates when 
it is completely full; the length of these cycles is very
important in defining the capacity of the plant and other 
characteristics. It may be a few hours, a dly, a year or
 
several years, depending on the hydrological conditions
 
and the rate of discharge of water, which again depends
 
on variations of demand. The balancing tank-defined
 
later-is in fact a storage basin with a one-day cycle,

which is often built in run-of.the.river plants, but some
 
such plants do not have even this limited pondage. In the 
latter case, the minimum load which the plant should be 
designed to carry is7'that of minmum flow; on the other 
hand, when there is pondage the minimum load may be 
greater than the minimum flow of the watercourse, because 
water can be stored. 

(c) Flow control 
The difference between power and energ o 

y from the 
point of view of demand may also be expressed in terms 
of hydrological availability. 

If the flow is controlled-daily, seasonally, or in cycles 
of several ycars-the possibility of synchronization be­
tween available natural energy and the energy demand, on 
one hand, and the maximum power available and de­
manded, on the other, will be greater. the wati 

In the case of daily control aanci 



117
 

may be accumulated during the day to meet the peak 
demand at certain hours; at the same time, less flow can 
be used during periods of low demand, so that the difference 
between tne water available and demand can be stored 
during these hours. In the case of seasonal variation, the 
possibility of control and synchronization with demand 
increases, since water can be accumulated not only during 
the day but during the year from one season to another. 
Surplus water during periods of low demand can be re-
taincd for the months of peak demand. 

This explairs why, in cases where there is control, the 
average flow o; a river does not represent the maximum 
pewer demand which might be expected. During variable 
periods, depending upon whether the control is daily, 
annual or longer, greater power can be generated than 
that represented by the average flow, since, as just seen, 
the larger volumes of water used are compensated by the 
surpluses produced during hours or months when the de-
mand requires a flow less than the average, 

The above explanations may be summed up thus: given 
a certain head, the total energy available is proportional 
to the average flow and the maximum available power, 
which is maximum fino. Control enables the natural 
energy available to be distributed in such a manner that dur. 
ing certain periods greater power is produced than that 
which the a"...gte flow would provide, and less power in 
the remr; ning periods. Studies of hydrological conditions 
and control possibilities will show what power ix utilizable 
with a given average flow, and this in turn must be 
synchronized with the peak -demnd for electricit/. The 
capacity to be installed will therefore depend on a study 
of available utilizable energy combined with a study of 
the demand to be met. Storage plants with high con-
trol possibilities are similar in this respect to thermo-
,lectrIc plants, which can work at full power over pe-
rinods as desired. 

Th; foregoing is very important in the case of net. 
works where there is inter-connexion of run.of.the-river 
plants and thermal plants, or high-capacity storage plants. 
-or 	instance, the run.of.the-river plants may be allowed 

to take the babic load, that is, the part which is always 
foreseeable and therefore less than the maximum. Thus the 
run.of-the.river plants would always work at the highest 
power which the flow would permit, wif" high load factor; 
the 	 storage plants take the rest of !ic load, with all its 
variations, since their surplus water is never lost but 
retained to supply peak demand. 

There are many possible dam designs-i-nd their height 
will 	be largely affected by economic considerations. The 
greater the' height, the greater will be the flooded area 
and 	also the storage capacity, i.e., the control possibilities 
and 	peak power demands which can be met. 

When 	 the flooded areas include farm lands, economic 
calculations become specially important. The productive 
possibilities deriving trom a greater availability of dec. 
tricity 	 raust then be compared Aith the drop in farm 
productioki. 

(d)Natural resources 

The natural resources required oy a hydroelectric plant 
depend on hydrological, geological, topographical and 
meteorological conditions. These factors are decisive in 
determining the sites and possible size of a plant and 
the characteristics of the turbine. 

Hydroligy. Hydraulic energy is directly related to the 
hydroloryical cycle of the area, and this in turn depends 
on solar energy. The latter produces the evaporation of 
smaU quantities of water from the planet, which, pas 
A29 to the atmosphere in the form of vapour, then falls 
to earth as rain, snow, hail or dew. Part of the -water 
which falls drains from the higii land towards the sea 
because of slopes. From the sea, thc water evaporates again, 
completing the cycle. It is possible to make use of that 
part of the cycle where the water drains and where the 
other natural conditions allow it to be accumulated ard 
used economically. 

Hydrographic basins-that is, areas whc.e water is 
attracted towards specific watercourses--may de.nd fun. 
damentally on snow or rain, which will affect the river 
cycles and the various possibilities of utilizing them so 
far as hydrological security allows. 

In addition to the physical limitations to the utilization 
of water flows, there are also economic limitations, since. 
the hydrological cycle has a decisive effect on other uses 
in fields such as irrigation, hygiene, transport and industry. 
In many cases these limitations necessitate the study of 
multiple projects to cover the various possibilities of use 
simultaneously. 

It is therefore absolutely indispensable that hydrological 
studies should be made. They consist basically in flow 
measurement at various points of the river and of the 
hydrographic basin in general. Information on rainfall or 
snowfall is equally necessary. These data, obtained over 
a period of years, are tabulated, systematized and plotted 
on graphs for analysis according to certain specially de. 
veloped techniques. The essential information is the aver. 
age available flow during a year or a number of years, in 
varying degrees of probability, since the available energy 
is directly proportional to the flow and the head. The 
degree of certainty of each of these flows is called hydro. 
logical security and it is a factor of considerable influence 
in determining the size of the plant."3 

The following are the functions of the hydrological 
service: 

(i) 	 Installation of limnometers and limnographs, rain 
$auges and recorders, snow recorders, snow drift 
indicators, evaporimeters and recorders, gauging 
stations, weirs, etc. 

(ii) 	 Checking instruments and the gauging stations 
mentioned above. 

(iii) 	Selection and training of observers or instrument 
readers. 

(iv) 	 Reception and systematization of readings. 
(v) 	 Preparation of statistics of average daily and 

monthly flows. 
(vi) 	 Preparation of seasonal rating graphs for flows 

and other data. 
(vii) 	 Stidy and application of different methods of 

interpolation and extrapolation of flow statistics. 
(viii) 	Special studies. 
Topography. The formation of the terrain is important 

in determining the most suitable point for installing the 
water take.off or reservoir. It will affect the planning of 
the reservoirs as regards the size and height of the dams. 
Transport possibilities rmust also be remembered in the 
study, especially during the construction period. 

18. 	There are two basic concepts of hydrological security; monthly, which refers
 

to the percentage probability of a specific flow during a given month; and
 

that which refers to the probability of a given flow at any time of the year.
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Geology. This affects several factors: base for founda- Francis or reaction wheel, for medium heads; and Kaplan 
tions; permeability of the soil (filtration losses); possi- or propeller wheel, for low heads. 
bility of using earth dams, suitability for tunneling, etc. The generators are coupled direct to the turbine shaft. 

Meteorology. This naturally affects the hydrological cycle Their specifications appear under electrical engineering, 
(Precipitation, flow cycle, evaporation). It is also connected since they depend on the characteristics of demand. The 
with the construction and operating problems of the power turbine speciications are a civil engineering matter and 
station, which must be considerea in the work schedule. depend essentially on local hydrological and natural con. 

ditions in general, which determine the possibilities of 
(e) Civil engineering in hydroelectric power stations reservoirs, heads, etc. 

Tail race. This is the discharge of water from the 
The fundamental aspects of a hydroelectric plant so far turbines after use. 

S civil engineering is concerned are as follows: Other works. The specific conditions of any plant may 
Catchment area. As the name indicates, this covers the require further works, which will vary in each case. 

works required for the retention of the waters to be used, 
so as to convey them to the site of the plant. (f) Electrical engineering of projects 

Sand and gravel removal. These works are often neces­
sary to avoidthe possibility of sand or gravel entering A distinction should be made between the aspects 
and damaging the turbines. Their inclusion in the work mentioned below, which will normally be the same for 
programme depends on local circumstances, both thermal and hydraulic plants. 

Conduits. These convey the water from the catchment I. Production, divided -into: 
area to the point of drop. They may be canals, flumes, Generating. This is the installation' of the generator,
 
pressure tunnels, etc.; siphons or other civil engineering whose characteristics will depend on demand.
 
works are sometimes necessary, all of which must be Switchboards. Control and instrument panels.
 
specified in the project. A problem of technical altema- Switchgear. Includes costly elements, since it must be
 
tives with considerable economic implications arises in capable of breaking on-load circuits carrying considerable
 
connexion with the study .4conduits. The object is to con- energy.
 
vey water from some point of the river, by means of Protection. Lightning conductors, etc.
 
conduits-canals, tunnels, etc.-whose gradient is less than Auxiliary services. Batteries, pumps, local lighting, etc.,
 
that of the natural river-bed, so that differences in height for the power station.
 
are obtained between the level of the conduits and that Transformers for raising the voitage generated to that
 
of the river into which the water will be discharged after which will be carried over the transmission lines.
 
use. It has already been explained that the available energy II. Transmission, consisting of the following:
 
depends on both the flow and the head of the water. The Pylo.rs, to carry the cables.
 
study on conduits takes this latter factor into account, Conductors and insulators.
 
and the decisions are reached by comparing the cost of the Substations. Transformers, switchgear and controls.
 
alternative methods with the amount of energy gained or Voltage regulation and power factor correction equip­
lost with the different heights obtained according to the ment (condensers, transformers, boosters, etc.).
 
various alternatives. Other natural conditions play an ir- III. Distribution:
 
portant part. For instance, in order to obtain a given Substations
 
height, a canal may be very long compared to a possible Distribution grids.
 
tunnel, but the cost per metre of tunnel may be much
 
5reater and may depend very largely on geological con- 3. Thermoelectric plants

ditions. 

Balancing tank. When it is desired to control daily the In these plants, thermal energy is obtained from vari­
water passing through the turbines and to ensure the vol- ous fuels. Until recently there were two general types: 
ume required for the daily peak load period, balancing those where the motive power was a steam engine (gen. 
tanks are built to provide pondage for possible variations erally turbine) and those with an internal combustion 
in the flow and demand during the day. Their inclusion engine (diesel or other). 
or omission will depend oi hydrographical and topogra- Progress in the utilization of atomic energy now heralds 
phical conditions and on the type of plant. They will be another type using nuclear fuel. A technical revolution 
unnecessary in the case of scage plants. is in progress, the outcone of which cannot be predicted 

Surge tank. This also stores water, but on a smaller and whose characteristics cannot yet be described, even 
scale, to regulate the intake into the delivery piping; it is broadly, in this Manual. The following explanations refer 
always installed. At times surge columns, which perform only to the two conventional types of thermoelectric plants. 
the same function, are drilled in the rocks. From the point of view of generating electric power 

Delivery piping. These are the pipes through which the for public service networks, steam power stations are the 
water falls into the turbines. They may be of steel, most important. Diesel plants are used only in special 
reinforced concrete or concrete, and they lead from the cases and generally supply specific services, such as iso­
surge tank to the power house. The difference in level lated mines or small townships distant from the more 
between the two ends of the delivery piping provides important networks, where transport is a fundamental 
the head or power drop of the water. problem and where hydroelectric possibilities do not exist. 

Power house. This is the building where the actual gener. reight is also an important item in thermoelectric plants. 
ating equipment is installed, the most important being the The technical elements of the study-the installation 
turbo-generators (combinations of one turbine and one and operation of a thermoelectric plant-are usually less 
generator). The turbines are normally of one of three com licated than for a hydroelectric plant. On the other 
types: Pelton or impulse wheel, suitable for large heads; han, the equipment of a thermal plant is more complex. 



Individual consideration of a thermal plant does not 
require a careful study of the hydrological, geographical 
and topographical featum'es mentioned earlier,, It may be 
installed more quickly, which is an advantage in urgent 
cases. 

The total cost of iv7stment, transmission and distribu-
tion per kW installe , *' anally lower for thermal than 
for hydraulic plants, 'lt.'ough favourble local conditions 
may reverse this. The foreign exchange component of the 
investment per kW is otten higher for thermoelectric 
plants since the equipment is mok-e complex. This point 
will be dealt with in more detail when investment is 
discussed. 

A fundamental economic and technical problem in this 
type of plant isefficiency in the use of fuels, which is 
mesured interms of calories per kilowatt-hour generated. 
The equivalent amount of coal per kWh varies in relation 
to this efficiency and the quality- of the fuel.s The eri. 
cienc of each project must ie estimaed on the basis of 
sound background data; in general eiciency will be higher 
with better quality equipment, which means a higher level 
of investment. The fixed expenses of depreciation increase 
in direct proportion to the initial costs of the equipment 
and tend to reduce the advantages of hiher .fficiency. 
This also depends to a great degree on the relationship 
between the annual production of energy (!zWh per year) 
and the total rated capacity, i.e., the plant factor. 

From this aspect local conditions determine the optimum 
points, 	 which should also be considered inthe light of 
their effects on the balance of payments. Spares and main-
tenance costs will gcnerally be in foreign currency, while 
those of fuel may be in either national or foreign currency 
depending on local conditions. This type of analysis will 
therefore affect the technical specification of the equip-
ment. 

4.Int1rro.M.xio~n 
The economic and technical conditions which determine 
the iaity of cawtionsehe p emeava enyinc 

the availability of enerky in each case raise the problem 
mentioned earlier of seeking optimum combinations in 
the utilization of fuel sources to meet a given demand. 
The most common solution to such problems often con-
sists in integrating thermal and hydraulic plants in systems 
which 	may'be predominantly either thermal or hydraulic. 
In other words, there will be optimum combinations as 
regards 	the utilization.'of either typizand there will also 
be optimum utilization s regards the combined use of 

the use and control of electricboth types. Flexibility in 
power 	and the possibilities of interconnecting plants open 
a wide 	field for technico.economic analysis. 

The desired solution is one where the base load is 
acarried 	 by a high-etcicncy plant, which operates with 

high load factor, while the additional power to meet peak 
loads is supplied by other plants which operate only part 
of the 	time. In general, the newer or more efficient in­

sUlaons carry the base load, since they work con.in­
uously; less eicient plants, or those with high operating 
cost are usually left to carry the peak loads. It may thus 
be advisable to project a run.of.the-river installation with 
a high load factor, even though maximum utilization of 
the flow is sacaificed, leaving the peak loads to be carried 
by low-efficiency thermal plants. Conversely, it may be 
preferable to plan the project so that new thermoelectric 
plants carry the base load, leaving the peaks to the hy­
droelectric plants if hydrological conditions and demand 
chuaceristics make this desirable. 

It is.therefore advisable to consider power station pro. 
jects not as individual plants but rather in relation to the 
possibilities of intcrconnexion with an electrical produc­
tion, transmission and distribution grid or network. Ex­
cept in special isolated cases-such as some mines--the 
normal procedure will be to examine the electrical situation 
of a region or a country as a whole and to project indivi­
dual plants in a way which will lead to the greatest efli­
ciency in the operation of the system. 

The advantages of interconnexion ate dearly seen when 
considering the installation of new plants in an area 
where 	 there are old, small and inefficient plants, which 
often occurs in under-developed countries. Similar plants 
may have been installed by industries in order to supply 
their power needs from their own resources during the 
early stages of industrialization, but it must be pointed out 
that a 	 number of small plants is always less e'"lcient than 
one plant with equivalent power. When large power 
stations are installed, the oldet plants can often be utilized 
by connecting them to the common $rid and using them 
only to meet the peak loads. In this case, the new in­
stalla-tions would carry the base demand. 

It must also be remembered that it is often possible to 
make 	 use of electric power generated by using the hot 
gases 	 or steam produced by many industrial processes. 
Much 	of this power is used for the operation of the same 
industry, but there may be surpluses which could be 
utilized by connexion to the general network. 

To sum up, the technical possibilities of interconnexion 
will require sector programmes to be drawn up to satisfy 
electrical demand, i maximum utilization of each plant

ei ean i tiz o h
 

Finally, the possibilities of interconnexion are not lim­
ited by national frontiers and may be international id 

have ben borne out by expe.scope. 	 These possibilities out in Latinrience in Europe but have not yet been tried 
America. 

14. 	 In cases of interconnexion, hydrological cycles will also affect a thermal project 
thermal project. 

15. 	 Technical improvements in the design of boilers and the utilization of
 

steam for generating electricit7 have led to a considerahle improvement
 

in efficiency. In the United States, fuel consumption per kWh (inkg
 

of coal equivalent) decreased from 0.626 in 1939 to 0.562 in 1949 and
 

0.453 	in 1954. These figures show that, in the period 1949-1954, efficiency
 
Larger units have
increased more then during the previous ten years. 


temperatures
also influenced e.lficier-c7, and. so has the use of higher steam 


and pressures. These latter, however, appear to have reached a stage of
 

decreasing efficiency. Finally, the quality of the fuel used will also
 

affect efficiency.
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Iufluence Of The Change Of Fuel 
And Of The Source Of Raw Materials 
On Production Costs And Steel
 
Qualit7 In An Iron And Steel Mill
 

This case (Case 21) was taken from the Manual 
On Econemic Develogment Projects, United Nations 
Publication E/CN,1 267Add.1/Rev.l 

TAA/IAT/12/Rev.1
 

C&* 2 ZThe 

INFLUENCE OF THS CAN.GE oF FU/EL AND OF THlE 
RAW ONSOURCE OF C^THRIAGSPRoDUctioN COST AND 

STEELQUALZTzittAI s N RO ADSEsary
STEEL, IQUArY IN A14 IRON AND STEEL. MILL. 

This case is taken from studies for the expansion of an 
iron and steel mill and shows the possible effects of tech. 
nial changes on the evaluation of a project. It deals in a 
ger way with the expansion othe productin Of . mill 

frm0000to560to epn000n tons yearly,millionbearingtons. Ininadditionmindsafrom 3 rt o 
probable further expansion to I tand 
to the acrtal plant expansion, the project also anticipates 
a change in the source of fuel and iron ore in order to 
improve output quality and decrease production costs. Each 
of these changes is a project in itself, which, although 
related to the other studies, may be approached and pre* 
sented separately.

It is proposed to replace the domestic fuel at present 
used by natural gas, also domestic. There is a project to 
begin working a new mine, owned by the enterprise, which 
would supply ore to rplace that from the present sup-
plier. The examples given below refer to these two 
supplemen ry prgojets Iashow. te influence th2t tech-
nical changes may have on a project. 

I. Chag, of ptme 

conversion process in the steel plant was com. 

placated by the high sulphur content of the fuel oil
(average 4 per cent) to the point where it became neces. 

for a time to import fuel. 
After many tests, it was found possible to beg:i the 

conversion process by using a low.calory light oil to melt 
the charge in the open hearth furnace and afterwaids to 
use the higher-calory, high sulphur oil. In this way a steel
of satisfactory quality could be made, although with a loss 
of output, which meant lower tonnage ppr hour fromthe open hearth, a lower proportion o ingots per charge

heavier wear on the refractories. 
The use of low-sulphur fuel would increase tb.; output 

from the same furnaces by 5 to zo per cent of better 
quality steel, which in itself would be a considerable 
advantage. In the case presented to justify the project, 
however, no attempt was made to weigh this advantae, 
since the other factors were .sufficient to prove its merits. 
The change of fuel, which could be achieved by means 
of a 248.mile gas pipeline between the natural gas wells 
and the plant, implied sufficient savings to justify the 
investment. 

At the projected expanded output rate, blast furnace as 
could be use to generate electric power, and r6.a5 million 
cubic feet of natural gas would also be ,mequired daily.
Fuel-oil at present costs the enterprise- 30(-doltar) cents 
per million BTU at the plant, whereas natural gas would 



cat only half of this. Heance at an annual production 
te of 56o oo toas of stee,-stvings would amount to 

socooo doiltAv tehical tat SmAvailable data show 
reserves should meet the steel plant's needs for 20 ye= at 
lThe gas pipeline would be the property of th s 

nd s would ofpl gan inost oooodth ollar, he stl 
plant and cost 56powhdoala of wich 2 507 5 
while the remainde would be tee edr =n t of xps e 

e te rsent, 
thel6 miuin cubic feot 7 lin Could supplycms 
t lon cuic ftrequi daily foe the projeted

of steel in cudint transformation of 5-6o ooo tons 
ofteeld be ino fni-s 
It whcbeh possible later to instl two pumping sta-

tions, which would increase the line's capacity to 32 
miof cui feet dlaily, sufficient to produce:i million tonsIno 	 d t the naturl gs reo ents and 

tor6determine th aua a c tmnsadon 
the extent of the savings the technical stuy presented a 
series of thermal balance sheets for "VTigannual steel 
production. Table 57 gives examples for outputs of 36o oca 
and I minlion tons of steel per year. 

a. Cmge of oi, 

Th" increase in steel production could be obtained 
using the present ore, but the technical and economic 
advantges of opening a new deposit lW to the inclusion 
of the project within the expansion programme. 

The ore at present used has a high iron cont-at and 
little sulphur, and can be- obtained at reasonable prices. 
If, however, it is used to provide the entire terr": 
charge of the furnace, the resulting pig iron contains 
approximately z.x5 per cent phosphorus;. Thi is a medium 
qity product, with a phosphorus content too high for 
the satisfa=,tory operation of an open hearth (Siemens 
Martin) and to low to use in a basic converter (Thomas). 
The enterprise has to use a maximum of So per cent of 
this ore, completing the charge with a phosphorus.free 
ore from small mines which does not guaranitee. a con. 
tinuous supply. 

The uncertainty of achieving a parallel increase in the 
output of the large number of small, mines producing low-

121 

hosphoru ore constitet.an-tSde to the expansion plan.
Thne= itt "priposd inCthe-o.pject-solve-th-probler 
satisfactorily since they enable pig iron of 0.23 per cent 
phosphorus to be obtained as compared with the 0.70 per
cent resulting from the 80 per cent high-phosphorms md 
20 per cent low.phosphoms mixture. The cost of the ore 
would be approximately the same as for that used at pre.

and the iron content would be the same, but without 
the drawbacks arising from the phosphorus.

The new pig-iron quality would save one hour in each 
nhearth cha=e, and with six furnaces working this 

an annual saving of 4 z6o hours of open-hearth 
operation.

A most ctious estimate would give an average of io 
ton of steel ingot per hour of Open-hearth operation.The 	dihect savings resulting from the use of the new 

arn estimated as follows: 
Dlo 

(a) Saying of one hour of heat per chuge of 
steel (4:60 hours annually) at 28 dpllars 
per. hour .............................. z:65o 

(b) During these 4 160 houM, n output in. 
camni of so tons per hour may be estimated. 
which gives an annual production increase of 
4: 6o tom; with 7o per ceni ediency, = 
additional a9 2oo tons of steel would be 
obained. The profit on this production 
would be the difference between -he direct 
production costs and th- net selling value. 
since all overhead would be covered by pr. 
sent production. If the difference is taken at 
48 dollars per tot, this would give an annual 
saving Of .............................. 1400 000 

Total t~z6co 

Apart from *these benefits, the increased assurance of 
supply and the better quality of the product were taken 
into 	 account. 

The operation of the mine would require a railway to 
be constructed, which must be charjed to the project. The 
total 	investment for the purchase of properties, equipping 
the mine and constructing the railway would be 8 1z3 200 
doilars, of which 3 214 000 represents expense in local 
currency. 

Table 57 

CASE as. SUMMARY OF MAT BALANCE 

(M oliuof BrU per day) 

Heat reqxired
I. For direct production .............
 

U. To generate electric nergy ............. 

IlL 	 To produce steam for blowing the blast 

furnace............... . 
IV. To produce steam for other operations 

V. Total heat required.... ......... 


VI. 	 Total available from blast furnace gases 
VII. Thermal requirements obtained from nat­

ural gas . . . . . ...... .5 . 
VIII. 	Equivalent in cubic feet of category VII 

gas (t cubic foot = 936 BTU). . . . 

j6o : noo 

ra "a aa 84o 
.6 z o 

2948 46M 
2500 5 Sao 

27 220 49 490 

2 ooo ipgoo 

o220 29790 

6ao0ooo 3 z9oooo 
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Size And Location In A Project
 
For A Beet-Sugar Mill
 

This case (Case 25) was taken from the 
Manual On Economic Development Projects, 
United Nations Publication 

E/CN.12/426/Add.1/Rev.1
 
TAA/LhT/12/Rev.1
 

Cu 23 

SIZE AND LOC4TION INAPROJECT FOR ABRET-SUCAI MILL 

X.Appeoah
T sAs a. wh uswice 

This is a cuse of an ndu which must be located 
dose to its basic raw matuial, the sugar beet which is not 
economically transportable over long distances. 

The problem was approached by selecting a beet-ow­
ing area for the installaton of the first plant. Agricu0tural 
research on the crop in various purts of the country, in-
dicating possible beet-growing areas, was taken to ac. 
count. The first task was to determine which of these 
areas was most suitable for the initial plant. At the same 
time, the question of size was considered, since the cxtent 
of the sugar beet crop in the distriact would also decide the 
capacity to be insalled. 

To determine the size, maximum and minimum limits 
were established, based on European experience, which is 
that daily capacity of oo tons is sma hilst 200 
tons is large. The maximum size is fixed by supply con-
ditions; the industry works only during the harvest period 

ays echech
yar).sectorsyar),margin 
The investment was not proportionate to the size. 

(somezoo(somezoo ays 

2.7 millionEquipment for a plant of 8oo tons daily cost 
dollars, and for i 6oo tons, 35 millions. These data con-
firmed the need for installing the largest possible p t 
compatible with the supply conditions. It ws concluded 
that a plant for 800 tons daily, designed with a view.to 
doubling its output later, was the most suitable in view of 
expected supply conditions. It was hoped to reach the Soo 
tons output during the third year of operation. An industry 

tons daily would cost very littleroducing less thdn 8oo 
oess same in installationin equipmen most the 

socosts; genel production costs wa-ld be almost equal, 
that the net return would be very much less. The 8oo-ton 
plant in normal operation-at full capacity-would give 
to-perlcent net return, increasing to x8 per cent when the 
size was doubled. 

2.Sdefruo of bht.groVWuhg Ari' 

The selection of the beet-growing area was based on the 
following considerations: 

(a) Sufficient flat, irrigated land to supply a plant
M 'sze of that projected, if the who[e area re 

used for routed crops. The selected area covers 28 000 
irrigted hecurs; die tota irrigated su.ae i th pro­
vine, thais,the selected ar and adjoing land,isspm.e 

700oo hecutres, to which irrigation works at present in 
prore will add another 20000. The province would 

of 9g0 hectres. Fotherefore have a flat, irrited area 
anual production of 8o oo tons of-ugar-beet, with anan 

Average Yield Of 30 tons per hectare-an estimate based on 
5 ye eXonCent-2 oo hectares of beet wld hive 
to be sown, which, with a rotation ofi in , would require

o0't ted hebtares.totl available ae of 13we 

If the size of the plant were doubled, 5 200 hectares of 
beet would be require and 26 ooo hectares of land. Since 
there are 700o hectares in the province suitable for the 

fa 


crop (a figrev which would later rise to go00), it was 
se that even with longer rotation periods, and some 

not growing beet, there would be a sufficient safetto supply a plant twice the size of pme7~a
that projecte 

Inother words, the selected size was compatible with the 
available natural resources within the factory's zone of 

to introduce the cropinuence, and the real problem was 
au agriculturalon an industrial scale. This aspect formed 

project, parallel with the industrial one. 
(h) Mechanization would be no problem in these fia 

lands; in this respect, they had an advantage over more 
hilly territory. 
() It was not ed to obtain the whole supply 

from any one district during the first years. It would there 
fore be necessary to bring the beet from more distant 
areas, even though freight costs would thus be higher; for 

was to be sited so as to utilizethis reason, the factory 
more distant crops. These possibilities would be lost by 
locating the plant elsewhere, since the distance would be 
much greater. 

1. Demand in this case did not constitute a problem, since it was an impo%t
 

substitution industry, and its maximum capacity would not exceed 10 per
 
cent of the existing market,
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)Theagricultural yield was g r in the seted () Other important raw materials are coal, limestone 
district during the experimental stage. ad coke. The largest coal mines in the country are close 

(0) Beet-growing must always be dose to livestock to the proposed location; coke and limestone will be 
fams, and it is precisely this combination which gives a puchuedsrorn anmiron and steel plant in the same area,
better agricultural production. In the selected ares, dairy wi'ch gives further advantages over other locations. 
farming is well-d'eloped..Three plants already enag d (i) Comparing transport conditions with other possible
in d r o o form m 0a- area, the selected district is again the most favourable, 
market for the expected increase in-milk ou sinc it is.more compact and has an acceptable road net.­

(I) Agricultural studies in the trea showed that it work which will not be expensive to maintain.
 
would be possible to obtain labour. The mecmaniztion

of wheat-growing, and other types of crop.farming in- 3. $iSing
cluded in the parallel agricultural project, would free a Having selected the beet-growing area, the precise site
large proportion of workers, who would be available for was discssed. The problem was finally reduced to two
the intensive cultivation of beet. Furthermore, the beet- alternatives, linked to the only railway in the area. These
growing operations which req6re a heavy labour input- two possibilities were first campard for the following
thinnin and harvest-are carried out at times of thea points: fresh water, disposal of residual water, labour,

e ano needs of other farm sectors a housing, roads, land, electrical and rail connexions, and
lowest, administrative facilities. None of these factors presented

(g) There is no market problem. In the proposed rbstantial differences, so no attempt was made to quantify
location, the plant will be close to large purchasing centres; them.
this will also reduce freight costs. Once the various factors had been analysed, Table 6o 

showing the more favourable location for each was pre­
pred. Since there was no great difference, it was assumed
ttthey all carried the same weight, so new factors were 
added, which gave location B six advantages.

The freight problem was examined next, including all 
products brought into or sent out of the plant. Incoming 

Table 60 freightstary units per tonthe offollowingbeet: figures, expressed in mone-Table gave 
CASE a. COMPARISON OF LOCATIONS LocationA LocdtionB 

FOR A BEET-SUGAR MILL Sugar beet ........... 41.80 31.50 
Larao,, Aeiw Other materials ....... 22.44 2340 

Fresh water ........... X Total ............. 6324 34.90
Residual water ...... X...........

Labour .............. X 
 The difference in favour of B represents a reduction of
Housing............- o.5 per cent in total production costs. Outgoing freights
Roads............... X produced no appreciable difference between the two loca-

Electrical connexion ... . X ions, although B again had a very slight advantage. Finally,Administrative facilities. . X Ow expansion factor was considered, and the areas whereRailway situation ..... ... X - ncreased beet production was planned to supply the plant 

once more favoured location B. 
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CASE 10. 

Iran: 

Dez Multipurpose Project 

(This case illustrtesproblems in choosing sources of energy) 

From: 	 Economic Development Projects and Their 
Appraisal by John A. King Jr., Johns 
Hopkins University Press, Baltimore, 19670
 
reproduced by permission
 

Early n 1960 the World Bank lent Iran US$42 million equivalent to help 
finance a nithipurpose project-,or power, flood control, and agricultural develop­
ment-in southwestern Iran. The project as originally proposed raised a number 
of difficult problems and was considerably modified before the Bank made its loan. 

In Septeriber, 1957, the Iranian government first asked the Bank to help finance 
a prorosed multipurpose project based on the Dez River, which was intended to 
be the initial step in a long-range program for the development of the Khuzistan 
area in southwestern Iran. Although the extensive oil fields of the area and the 
refinery at Abadan then produced about 80 percent in value of Iran's exports, the 
area was very poor, and the standard of living and the level of education of its 
150,000 inhabitants were generally very low. As proposed, the project had three 
main aims: (a) to provide electric power to the towns of Ahwaz, Abadan, Khor­
ramshar, Dezful, and Andimeshk from a hydroelectric power plant which was to 
have two 65-MW units initially and from six to eight ultimately; (b) to irrigate 
the potentially productive land along the Karun and Dez Rivers; and (c) to regu­
late the flow of the Dez River in order to diminish periodic but serious flood 
damage, particularly between Ahwaz and the Persian Gulf. It was not, however, 
until a year later that enough data had been assembled on the project as a whole 
to permit it to be reviewed in the field by an appraisal mission. This mission con­
cluded that, although the project was technically feasible idi its broad outlines, it 
had some doubtful aspects. 

First, the economic justification of the irrigation scheme was not clear. As pro­
posed, it was to provide irrigation for 110,000 hectares with an investment in 
irrigation facilities estimated at more than SlOO million, over and above its share 
of the costs of the dam. To be successful, the scheme would require drastic-changes 
in customary methods of farming, landlord-peasant relationships, agricultural credit. 
and the organization of agriculture generally. In view of the size of the investment, 

210
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the problems presented, and the tin~e likely to be required in making these changes, 
the Bank suggested that alternative iiivestments might be considered. Even assum­
ing that the necessary changes could be achieved within a reasonable time, the 
mission calculated that the agricultural aspects of the project would earn an average 
return of only about 3 percent over the period 1962-85. 

Second, there was a question about the economic aspects of the proposed hydro 
plant, because there was an obvious alternative to a hydro project in the form of 
a thermal plant using natural gas, large amounts of which were being flared off 
unused at the nearby oil fields. The Bank, therefore, retained consultants to study 
the alternatives.forsupplying power to the area. 

In the fall of 1959 the Iranian authorities came forward with a revised project. 
The major change was in the irrigation scheme which, in its revised form, was to 
be carried out in two stages: a pilot scheme, involving some 20,000 hectares, 
which would test the feasibility of large-scale irrigation and determine the sort of 
organizational and educational programs needed to carry it out, to be followed, if 
the pilot project were successful, by the full development. In appraising the revised 
project, the second appraisal mission was faced with many questions, but these 
pages present only the question of whether this project was the most suitable means, 
undcr the circumstances in Iran at the time, for meeting the demand for power in 
the four or five most important urban centers of Khuzistan. The total investment 
for the revised project, e:cluding interest during construction, was roughly estimated 
as shown in Tablc 10.1. 

In 1960 the largest producer and consumer of electric power in the area was 
the consortium of oil companies operating the exploration, production, and refining 

Table 10.1 1959 Estimate of Costs of Dez Multipurpose Project 
(million USS) 

Completion offullscheme 
Pilot stage (up to 1966) (1967.74) 

Foreign Local Foreign Local 
currwncy currency Total currency currency Total 

Dam and others works cooion to 
all purposes 14.4 19.6 34.0 - - -

Power facilities of authority 21.2 9.4 30.6 7.9 1.2 9.1 
Irrigation facilities: 

Public works 4.4 9.8 14.2 25.1 38.1 63.2
"On farm" ­ 3.7 3.7 - 9.3 9.3 

Total 40.0 42.5 82.5 33.0 48.6 81.6 

Sugar Cane Company- - 11.3 11.3 - 0.3 0.3 
Distribution systemsb 4.0 - 4.0 - - ­

aThe Sugar Cane Company project had been started as a project distinct from the pilot scheme, 
but it would draw water and receive farmer-grown cane from the full scheme. 

bContribution of the Plan Organization toward rehabilitation and expansion of the electric power 
distribution systems of the five principal towns. 
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facilities in southern Iran. It owned and operated an oil and gas-fired thermal plant 
of 110 MW, to be enlarged in 1961 to 140 MW. Under the terms of its agreement 
with the government, the gas to fire this plant was free. The government was plan­
ning to buy power from the consortium to supply Ahwaz until Dez power became 
available, and the mission recommended that the consortium and a Khuzistan 
Water and Power Authority (an agency to be created to operate the project) estab­
lish a standby agreement for interchange of power, so as to be able to pool reserves 
and thus reduce the total investment in generating facilities. 

ECONOMIC ASPECTS: SOURCES OF ENERGY 

In approaching the problem of whether the hydro project was the most suitable 
means of meeting the needs for power in Khuzistan,_the second appraisal mission 
asked itself three questions. In answering thcm, it relied heavily on the report of 
the consultants engaged by the Bank to review this problem. First, it asked whether 
the principal objectives of this project might not be met more economically during 
the first few years. Perhaps irrigation needs could be met by pumping water from 
the Dez and Karun rivers and power neecL ,.ould be satisfied with a thermal plant. 
Then building the Dez dam and powerhouse could be deferred until the demands 
for irrigation and power had become larger and their future development had been 
established with more certainty. Second, the mission asked a more limited question: 
how the cost of power from the proposed hydro scheme (after an appropriate 
allocation of common costs) would compare with the cost of power from a thermal 
alternative. Third, it asked whether the needs of the area for electricity might not 
be met more economically by a thermal scheme, even if a dam were to be built in 
any event for purposes of irrigation and flood control. 

Before these questions could be answered, the power project had to be allocated 
its appropriate share of the cost of the dam. It is always difficult to attribute ap­
propriate shares of the cost of a multipurpose project to the several purposes. In 
the case of Dez there was an additional problem because it was planned to operate 
the reservoir in the early stages of the project to meet the requiremen'ws of flood 
control and electric power in that order; but in later stages both flood control and 
irrigation, if the latter proved successful, were to have priority over e1sctric power. 
In the light of the demand forecasts, this system of priorities meant that thermal 
power facilities would have to be installed after the installation of six hydroelectric 
units, to provide firm power in dry years or seasons. 

The government's consultants had allocated to each purpose roughly one-third 
of the costs of the dam and other works common to the three purposes, on the 
basis of an analysis of the cost of alternative single-purpose facilities. The mission 
observed that other methods of allocation might have produced somewhat differenrt 
results, but accepted this allocation as reasonable. It also pointed out that bccause 
the cost of the dam was a relatively small part of the total investment in the schemle. 
a somewhat different allocation would not have significantly changed the mission', 
conclusions. 
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The general concept of the alternative. The Bank's consultants had determined 

the capacity and layout of the thermal alternative in such a manner that it would, 
peak demand and consumption as forecast forduring 1963-83, supply the same 

the proposed Dez scheme. They concluded that technically and economically the 
would be to build a thermal plantmost advantageous way to meet this objective 

at Ahwaz, supplied by natural gas from the nearest oil fields northeast of Ahwaz, 

or, possibly, from a gas field recently discovered jus t outside Ahwaz. 

The technical characteristics of the alternative thermal scheme were made as 

nearly equivalent to the proposed hydro scheme as possible. It was designed to 
re­meet the same-loads in the same locations, with the same criteria regarding 

serves. The consultants believed that with a thermal scheme, the towns of Dezful 

and Andimeshk could probably be served more economically for the first few years 

by local diesel plants instead of by a transmission line from the principal thermal 
expected to be very small. Both possibilitiesplant, because their initial load was 

were considered in the comparison of costs. 
The number, size, and timing of the installation of the units of the 'alternative 

thermal plant at Ahwaz were determined so as to obtain, on the one hand, a 

maximum of standardization and efficiency, and on the other, a minimum of excess 

capacity (see Table 10.2). In determining the reserve necessary at the plant, the 

were made for the hydro scheme regarding interconnection,same assumptions as 
the standby agreement with the consortium, and necessary reserva in the inter­

connected system. 
For a number of technical reasons, 60 MW was chosen as the maximum size of 

the units. Initial steam pressure and temperatures were taken to be 600 pounds per 

square inch anc" 8001 F, resulting in a relatively high heat rate. More efficient and, 

consequently, more expensive units were not considered justified in view of the 

low fuel costs. A 132-kv single-circuit transmission line on steel towers was as­

sumed to supply the area of Shushtar, Dezful and Andireshk. 
The fuel. The consultants concluded that fuel s4;pplies were ample. They ex­

pected that the fuel for the thermal plant at Ahwaz would be natural gas from 

the oil fields w.ich were already in productiorn about 130 km to the east and 

northeast. Gas was being produced in these fields in connection with oil production 

at the rate of-833 cubir-feet per barrel of oil. Some 260 w.illion cubic feet per day 

of this gas were then being wasted from the fields of Naft Safid, Haft Kel and Agha 
a thermal plant of 1,100 MW. When the adjoining fieldJari alone, enough to fuel 

gas, which would otherwiseof Gach Saran began producing in 1962, even more 
be wasted, would become available. The consultants noted that only a fraction of 

the oil reserves of these fields had then been used, and the fields were expected to 
or so. Inproduce at least at the present rates for another twenty to thir.y years 

huge gas cap above the oil deposit whichaddition, each of these oil fields had a 
reserve. Finally, a wellwould become available for use after depletion of the oil 


producing only gas but not oil had just been brought in on the outskirts of Ahwaz.
 

This discovery suggested that there were separate gas fields in the area.
 
that the thermal schemeThe consultants estimated the needs of alternative 



Table 10.2 Des: Peak Loads, Sales, Installed Capacity and Estimated Costs of Thermal Alternative, 1959-84 
(million Rh) 

Total 
all 

Yeas 1t0 1I 1962 IN 1964 1963 1966 1967 1968 1969 1970 1971 

PIak load in MW 
Saks in million kwh 
Requited glc.ating Capac tyIn MW 

Installed genmraline capacly In MW 
Number and size of units 
Total in MW 
Facess capability In MW 

Costs at year or opcratirnw
GencrainF p ant 

b 

Trannimosan plant-
Gas supply system 

Total 

Exrendituies by year 

3.357 
210 

1.117 

4.614 

4.614 132 333 493 

49 
215 
52 

IXG 
60 
a 

602 
313 
I11 

963 

94 

52 
228 

55 

60 
5 

237 

56 
246 
59 

60 
1 

256 

90 
394 

95 

IX60 
120 
25 

531 
-

36 

581 

94 

96 
422 
101 

120 
19 

237 

103 
451 
109 

120 
II 

318 

110 
483 
116 

1x60 
Ito 
64 

531 
-

168 

119 

-

It3 
516 
135 

330 
55 

-

126 
$$1 
133 

180 
47 

-
17 
-

17 

I? 

W Opcraling costs 46 46 46 51 51 Sl 61 61 61 

1972 1973 1974 1975 1976 1977 1971 1979 1980 1981 1982 193 1984 

Peak load in MW 
Saks inmilliotkwh 
Required generating capacity In MW 

35 
591 
143 

145 
633 
153 

155 
677 
164 

165 
725 
174 

IT/ 
715 
It7 

189 
830 
199 

203 
8 
214 

217 
950 
229 

232 
1.016 

245 

248 
1.087 

262 

266 
1.164 
231 

234 
1.245 

300 

304 
1,332 
321 

Installed genclating capacity InsMW
Number and sizeo'unilts 
Total inMW 
Excess capabilily In MW 

Costs at year of operation'
Gcneratlni plant-
Tranunission plant* 
Gas supply system 

Total 

E"tcwlidturcs by year 

O tating costs 

It0 
37 

94 

61 

3g0
21 

231 

61 

IS0 
16 

378 

61 

I x60 
240 
66 

351 

I58 

709 

-

7S 

240 
3 

-

75 

240 
41 

94 

73 

240 
26 

217 

73 

240 
33 

50 

75 

X 60 
300 

53 

53 

281 

339 

94 

93 

300 
33 

237 

93 

300 
19 

519 

93 

1l X 0 
360 
60 

551 
20 

279 

ISO 

-

III 

360 
39 

-

Ill 

* I..tt tns,mlirtdattling consll 
I l~wt,.t~s~t.. st P1.111. 

csOs * Inchades tansmlsdsoa facilities as faras I I-kv Ide o subslaion. 

00 
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would be only about 50 million cubic feet per day at full station load in 1973; this 
requirement would be only a fraction of the gas being wasted, without taking into 
account other gas reserves of the area and future increases in production. The 
mission pointed out that a thermal scheme would thus make use of a raw material 
which was otherwise being wasted; yet the reserves were such that the use of this 
amount of gas for the thermal scheme would still leave enormous quantities of gas 
available for industrial uses. 

The consultants assumed that the gas supply system of the plant at Ahwaz would 
initially consist of about 130 kilometers of 12" pipeline taking the gas from the 
fields of Naft Safid and Haft Kel at the pressure of the separators. Later, the 
capacity of the line would be increased by compressor stations. In case the gas 
well near Ahwaz could be used, the supply system would consist only of the equip­
ment of the well and a very short pipeline. The calculation was based on the as­
sumption that the longer pipeline would be needed, because not enough was known 
about the new gas field near Ahwaz. 

Estiated ,.?v of construction and operation. In estimating the costs of the 
generating equipment, electric power and gas transmission lines and substations of 
the alternative thermal system, the consultants used the upper range of current 
European prices, which were then about 80 percent of the corresponding U.S. 
prices. The mission believed this to be a conservative approach because a number 
of European manufacturers were offering comparable equipment at 60 to 70 per­
cent of U.S. prices. 

The consultants based the costs of etection of the equipment on European wages 
for the supervisory personnel and for certain skilled labor. Local labor cost was 
assumed to be about 60 percent of the U.S. labor cost for similar work, a figure 
arrived at by taking into account the lower wage rates and lower productivity of 
Iranian labor as compared with those in the United States. This assumption was 
supported by the experience of the consortium. 

To the estimates thus arrived at there was added 10 percent for contingencies, 
wh;ch was comparable to the allowance made in the estimates for the hydro 
s *,em. 

The mission pointed out that these estimates resulted in a total cost per KW 
ristalled which was very close to that of a new thermal power staion at Karachi, 
recently ffnanced by tie-Bank, and of similar plants recently built elsewhere. These 
estimates were, therefore, accepted as reasonable. 

The consultants based the costs of operation, maintenance and administration 
on normal requirements for staff, labor and materials in plants of this kind, and 
on wages and material prices then paid by the consortium. 

Determining the price of the gas posed special problems. The mission concluded 
that under all the circumstances the appropriate price at the wellhead, for the pur­
pose of making the thermal comparison, was zero. Its reasoning was as follows. 
Under the oil agreement, any gas which the consortium did not need for its own 
operations belonged to the National Iranian Oil Company (NIOC). Because all 
gas was then being wasted in the enormous quantities described above, because 
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there was no alternative use in sight for many years, because NIOC would not incur 
any cost in supplying the gas to a consumer at the wellhead, and because the cal­
culation of costs was being used for a comparison made frow, the viewpoint of the 
national economy, it was considered proper not to assume any cost for gas at
the wellhead. The mission noted that this conclusion was valid whether or not the 
electric power authority in fact had to pay a charge to NIOC for the gas at the
wellhead, because, as far as the economy was concerned, this cost would be offset 
by an equal net income to NIOC. The costs of building and operating a system of
pipelines, pumps, and auxiliary equipment for collecting, cleaning, and transporting
the gas to the plant were, however, included in the capital costs of the thermal 
scheme. 

Comparison of the costs of the hydro and the thermal schemes. The mission 
concluded that the most suitable method for comparing the costs to the economy of
the alternative hydro and thermal schemes would be to establish for each the"present worth" of the capital costs plus operating costs over a suitable period of 
time (see Table 10.3). The principal elements entering into this present worth 
calculation were as follows: 

a) 	 The forecast of the capital costs (excluding interest during construction) was 
carried to the point where the Dez powerhouse would have installed six 
units of 65 MW each. According to the forecast of peak loads and sales, this 
stage would be reached in 1984. After that date, no provision was made for 
adding capacity to either scheme, because thermal capacity would then have 
to be added to the Dez scheme in order to provide firm capacity, and any
further capital investment in either sc.-me would, therefore, be comparable.
These forecasts of capital costs included a third of the common costs in the 
case of the hydro scheme, and the cost of the gas supply system in the case 
of the thermal alternative.
 

b) 
 The forecasts of the cost of operation included only the cash expenditures
for operation, maintenance, and administration (labor, lubricants, spares
and materials, maintenance, and the like), because the cost of gas for the
thermal plant. other than the capital costs mentioned above, was assumed 
to be zero. After 1984, the operating costs were held constant in each 
scheme, because any additional operating costs for plant to be added after 
that date would be the same under either alternative. 

c) The period of comparison was limited to thirty years, the useful life of the 
initial installation of the thermal scheme, because the present worth factor 
beyond thirty years becomes so small in any case, with the rate of interest of
8 percent used for these calculations (see d below), that extending the cal­
culations beyond thirty years would make less of a difference in the final
 
results than the likely viargin of error in the initial assumptione.
 

d) 
 The rate of interest chosen for the present worth calculations was 8 percent.
This figure was believed to be within the range of a composite of the rate at
which the government might be able to borrow a part of the funds for the 
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project and of the rate of interest which the government's own contribution 
could earn in an alternative investment. 

From the projections made on the basis of these assumptions (see Tables 10.2 
and 10.3) the mission drew the following principal conclusions about the thermal 
alternative and answered the three general questions it had raised about, the eco­
nomics of the hydro power aspects of the project: 

a) 	 During the first few years, the capital plur operating expenditures of the 
alternative thermal power scheme would be very much lower than those of 
the hydro scheme. Together with an alternative pumping irrigation scheme, 
it would thus serve the power and irrigation needs of the area during the 
initial six to ten years or so as well as the proposed high dam, but at a 
considerably lower total expense. The mission pointed out, however, that 
before deciding whether it would be more economical, as matters then stood, 
to proceed with this alternative thermal power and pumping irrigation 
scheme, account had to be taken of the investment of roughly $15 million 
already made in the dam and generating equipment. 

b) 	 The present worth of the capital expenditures plus operating expenditures 
of the alternative thermal scheme would, over the entire thirty-year period, 
be some 22 percent lower than those of the hydro scheme (with the latter 
including a third of the cost of the dam and other works common to all 
purposes). The thermal scheme would compare even more favorably with 
respect to the present worth of revenues over the same period of time. The 
mission pointed out, however, that the figures for the differences gave at best 
an order of magnitude; variations in the demand forecasts and cost estimates, 
within the margin of error inherent in them, and changes in the method of 
comparison and the rate of interest used for calculating present worth, could 
change the results of the comparison quite considerably in favor of either 
alternative. For example, if the cost estimates for the hydro scheme in­
cluded a part of the diversion dam, and the estimate for the thermal alterna­
tive excluded the costs of the transmission line to Andimeshk and Dezful 
(assuming these towns to be initially supplied by local diesel plants) and the 
gas pipeline (assuming that the gas field near Ahwaz would be suitable), the 
difference in total cost between the hydro and thermal schemes would be 
substantially larger. 

c) 	 The third question, whether it would not be more economical to provide 
power by a thermal plant even if a dam were built for irrigation and flood 
control, was more difficult to answer. In addition to the calculations discussed 
above, the mission con :luded that it would be necessary to estimate also the 
changes in the tM.al cost of the civil works arising from a reduction in 
the height of the dam, the elimination of the diversion dam, the introduction 
of alternative tunnels and canals, and the like. Nevertheless it believed that, 
at least in order of magnitude, there would not be a large difference between 
the present worth of capital plus operating expenditures of the two solutions. 
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In spite of tht doubts raised by these comparisons as to the cconomic justifica­tion of the project for power generation, the Bank decided in 1960 to make a loan
of about $42 million out of a total cost estimated at ,$82.5 million for the first phase
of the scheme. This phase was limited, as far as irrigation was concerned, to apilot project only. A. number of factors were responsible for the decision to lendfor the project including the hydro power plant. These included a recognition thatchanges in the assumptions made in calculating the comparison of the hydro andthermal alternatives would have altered the results significantly and that, if a dam 
were to be built for irrigation and flood control in any case, there was not muchto choose between the hydro and thermal alternatives (see c above). But probably
most important was the fact that the Bank's freedom of choice had been consider­
ably reduced by the investment already made by Iran of the equivalent of aboutS15 million in the dam and geneiating equipment. 


