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To Potential Users of AID Project Management Training Materials

. Thesa materials were developed by the Graduate School of Manage-
ment, Vanderbilt University under comtract to' the Technical Assistance
Bureau (Development Administration Division) of the United States Agency
for International Develonment. The present uanit is one of eight units:

An Integrated Approach to Devclopment Project Management (Overview)

Learuning Packages

Planning Processes for Project Management
Volume 1 _Narrative and Exercises
Volume 2 Readings '

Organizations and Project Organizing
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 Enviromnment
One volume

Project Management Control Processes
Volume 1 Module 1 (Introduction to Control)
Volume 2 Module 2-3 (Formal Project Control Systems and Techniques
Behavioral Aspects of Control)

Technolcgy Assessment, Transfer and Adaptation

Volume 1 Module 1 (Managing Development Project Technology)

Volume 2 Module 2 (Technological Factors in Development Project
GCeneration and Preliminary 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)

Volune 5 Module 3 Bibliography, Cases and Exercises

. Project Management Information Systems
One volume

]

i



To benefit from these materials, users ghould recognize the inten-
tions and limitations éf their development and intended use. First, the
materials were developed to reorient the training that is currently asso-
ciated with devzlopment projects. The reorientation of these materials
provides a perspective with an increased emphasis on management as a
discipline, implementation of projects rather than improved or increased
a priori plauning and appraisal, and innovation as a necessary ingredient
for succesaful developmeht projects. A second inteation was to supplenent
areas where other training materials were sparse rather than to add to
those areas, such as economic and fiuancial analysis, in which good materials
already exist. However, since the areas purposefully ignored by this
materials development effort are also crucial to improved project manage-
ment, references are made to other sources. The intention is that these
newly~developed materials would supplement previously existing materials
to ?tovide a move comprehensive training program potential.

The materials are not intended for self instriction although the
introductory papers and readings in the various learning packages could
certainly be used by individuals to increase their knowledge about project
management. The materials have been developed for use by trainers who will
make selective usage and modificarion as necessary to meet their specific
training needs.

Finally, it is suggested that the overview volumeon project management
be used to introduce the subject matter of any learning pacxkages that are

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



framework which places the content of a particular package into an overall
perspective of project management. This does not mean to imply that the
volume must be read by all trainees; it is merely a suggestion to trainers
that an overall framework be provided initially By some means since each
learning package treats only one of many crucial aspects of project

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 devaelopmental
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 soclety.

This package is divided into three sections: narrative and exercises
in volume one and readings in volume two. In the narrative, project planning
i3 described as planning for implementation. Planaing is viewed as a contin~-
val management activity which occurs throughout the project as problems are
encounceredf Project planning is distinguished from centralized planning as
a "bottom-up" rather than a "top-down" planning approach. The planning-
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 plamning.
The narrative concludes with a conclusicn 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 lssues discussed
in the narrative section.

The second velume 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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Plamning for Implementation
Introduction

Project planning is often described as a process of analysis that defines
the scope ard feasibility of a project and its ralationships'co other projects,
programs and development plans. In thi: context, plans and programs idemntify
davelopuent needs and define project outputs; fessibility studies are made and
funding propocals generated. Project planning in wany lesi developed countries
is considered completed when these analyses have been undertaken., Implemantation
is then seen as a separate and distinct activity to be performed by an oparating
agency or production organizatiom.

The pecrspective of project planning that is presented in this paper differs
radically from truditional approaches, The process of project planning described
here is planning for ggglemantaﬁion. it includes the definitiom of the projecF
and its relationship to more highly-aggregated plans., But planning is viewed
ag an integral part of manajement. Therefore project planning continues as
problems are encountered that. necessitate modification of initial plans. Planning
cannot be neatly separated from implementation; it is a 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 diffused throughout

society.

Project Planning and Centralized Planning

The development project planning process is initiated with the identification

of a development need. Frequently this need is discovered by a centralized national



planning system or a sectoral planning model.1 In a "top~-down' planning process,
analysis is based primarily on macro-ecomomic 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 nationms with a central planning organizationm, national
economic development planning follows a rather standardized set of procedures
that have been described by Tinbergen:

1) Reconnaissance of the economic structure and its posgible future
development;

2) A provisional choice of the optimm rate of growth implying a
necessary rate of savings;

3) An est.imation of the expansion of demand, both internal and external,
in varicus sectors of the economy;

4) 1Identification of industrial investment projects to fill sector
production estimates in the national economy and to maintain a
favcrabie balance of payments in foreign trade; and

5) Designation of implementation procedures and review techiques.z

Analysis, using input-output models or similar techniques, derives sectoral and
industry demand from interindustry demand. This demand is based on estimates of
future exports, import substitutions, and private and govermmental consumptionm.
1f investment is to be made by the govermment, project proposals are often

{nitisted by a central planning agency. If the increased productive cupacity is

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

1. For a description of how such a model was used to gsolicit and evaluate
projects in developing the Rorean Second Five-Year Plan, see Lee Hee Il, "Project
Selection and Evaluation: Formulation of an Investment Program,” in Irma Adelmen
(Ed.), Practical Approaches to Development Planning (Baltimore: Johns Hopkins
Press, 1969). For a description of the historical evolution of centralized
development planning to a current annual planning cycle in Pakistan (and how
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 Laven: Yale University Press,
1964), Chapter 4, The reader should note that Tinbergen's description is somewhat
out of date. More elaborate models of the economy are now frequently used and
Step 4 usually includes other sectors than industry, particularly agriculture.



private firms or industrial aasociﬁtiona.

Centralized development planning may also agtablish a set of objectives
for directing the search for projects and evaluating proposals through the
analysis of the national development process.3 Objectives such as the reduction
of unemployment, income redistributionm, 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" projecte.

Examination of the frequent failures of centralized national planning
has led some experts to suggest the need for a "Bottomrup" approach to planning
or at least the combination of central plamming and scctoral planning.4
Particularly in those developing economies in which the private‘;eccor can
provide a substantial proportion of the capital required for growth, market
needs must be identified by entrepreneurs who are willing to invest resources
to satisfy those needs. When the size of the required investment or the rale of
retu;n 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 loauns,
tax advantages, and othcr economic aids are frequently ineffective in diracting

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

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 Waterstom, "An
Operational Approach to Development Planning," International Development Review,
September, 1969, pp. 6-12.




centralized planning does direct the investment of both private and public
funds into the formulatiom 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
to implementation to comtrol and back to planning., In too many instances,
however, development project planners divide these functions artificially among
different institutions at different stages of project executionm. Project planning
is often done by planning ministries or agencies, sometimes assigted by experts
from various development assistance organizations, This stage of project planning
usually consists primarily of economic analysis and appraisal of project potential
in terms of various development criteria. 1f the funds for the project are
provided by the goverument or multinational donors, market, technological, aﬁd
economic feasibility studics may be performed by a planning staff (to the extent
that they are done). This planning staff will usually bear no responsibility
for actually implementing the plans. Because the implementation is to be
assigned to some other jndividual or institution, there is little incentive for
planners to assure the practicality and feasibility of the plans. Thus,
frequently plans become unrealistic aspirations rather than pragmatic guides
for action,

In the private sector, the gituation is usually somewhat lifferent ==
the entrepreneur who does the preliminary market, technological, and financial
feasibility studies will most likely execute the project. Private entrepreneurs,
however, often lack formal management training and have few skills for generating
complete and realistic project plans. Frequently private capital must be

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



entrepreneur to supplement his initial analyses with additional economic studies
80 that proposals conform in format and content to the requirements of the bank.
This additional analysis often results in some gznuine planning by the entre=-
preneur., Sometimes, however, Lt becomes an exercise in finding those forecasts
and projectiors 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 leas developed couutries "planning” is completed and the funding
secured before project managers =re assigned to implement the plans, Managers
with experience in implementing projects are scarce in most less ﬁeveloped
countries. The search for implementation managers often overlooks locei personnel
(who lack training and experience) in favor of either expatriates who have been
involved in training or technical assistance, foreign consulting firms, goveruﬁent
officials, or those professionals with technical expertise related to the sector.
An aéronomist working.in a regional agricultural exteasion 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 bf 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,



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
attract private entrepreneurs)., These project managers could be responsible for
both the planning at the project level (with the collaboration of planning
specialists, ministries, commissions, or assistance agency experts) and the
execution of plans., In this manner, planning and implementation would be
closely integrated. In many less developed countries, the inadequecy of
project management talents is a basic deterrent to improving the development
process., Few comprehensive training programs exist to address this scarcity,
especially for project managers with a particular sectoral orientation and
expertise. In most instances, local training capabilities are not sufficient
and must be developed themselves before training can begin on a wide scale. In
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’learniﬁg 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 plamnirg and implementation. Periodic review
is not sufficient to control the dynamic enviromment of most development projects.
During the process of implementation, project managers must provide intermnal
control that identifies unsatisfactory intermediate results or unanticipated
problems and initiates remedial action through changes in project plans and

activities.5

5. The process of managerial control of development projects is elaborated
in the learning package on project control,



Planning for Implementation i

Much confusion exists among writars and prectitioners with regard to the
use of terms such as project planning, sppraisal, scheduling, and evaluation,
Indeed, in many cages, it is not clear that thare exists a common conception of
a project. For that reason, it is necessary tc explore briefly the concept of
s project, as it will be used here, before discussing the elemunts that are
included or excluded from project planning.

Projects are commonly defined as development activities that innovatively
{nvest scarce rasources in order to increase the capability of society to produce
additional goods and services. Projects have a specified output (the development
of new capability); a limited scope in terms of time, inputs, anA space; and an
clement of novelty or uniqueness. Within this definition, the constructionm,
staffing and supplying of a public health clinic, for example, is a project
until it begins routinely ppocesaing patients. The project consists of the
ac:i;icias that developed this new health delivery capability == the analysis
of needed health services, the generation of the funding proposal, the comstiuc~
tion of facilities and the training of persomnel., A crucial point to.note is
that project activities are almost all investments; few direct benefits accrue

during the life of the project. The result of the project iy an output system

(the clinic) that has a potential for providing new services ouce ozerations
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
provide a continuous stre.m of goods or services. To be consistent with this
definition of a project, one must reach the somewhat startling conclusion that
the financial or economic rates of returm of most development projects themselves

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

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

* For outline of cognitive learning outcomes expected from this section
see page 67.



project output system, not of the project. Consider what is commonly viewed

as the identification and preparation of projects, as the terms are used by
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.
What is really accomplished by these activities is, however, the determination
of new productive capacity if the project is succeasfully'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 commonly meant by the appraisal of a project. It is
not the appraisal or feagibility analysis of development activities. It is the
appraisal of the value of the stream of goods and services (usually discounted)
that are generated by the project output system after the project is completéd,
comprred to the imvestment made during the project.6 Figure 1 depicts the
relationship between a project ( and its associated output system) and the
stesdy-state operations that utilize the new capability. The distinction batween
project management and steady-s{ate management is critical. The forwer requires
the generation of changes that develop human, physical, technological, and
structural components of the new capability, The managemont of routine operations
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 temm is
used here, is contained in J. Price Gittinger, Economic Analysis of Agriculture
Projects (Baltimore: John Hopkins University Press, 1972.
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In Figure 1, the time period from T, to '1‘1 is spent on appraisal =--
analysis of development needs, prelininary specification of the project output
system, and generation of feasibility studies == of the elements that constitute
the'poc.ntial value of the increased capability resulting from successful
implementation of the project. This is the period often referred to as planning
the project ‘as was discussed earlier). This, however, does not constitute all
of project planning. It provides an initial configuration of the project
output -- a configuration that will most probably change considerasbly during
project “"implementation." Comprehensive planning of a project imvolves the
design of a set of activities as well as of the output system, Thus, project
planning in additiom to determining the configuration of the outéut system,
involves analysis for the acquisition of project inputs, égganization and
scheduling of resources, and methods of transferring project results. The
latter kinds of analysis can be in'tiated during the latter part of the
appraisal period. But, even the addition of this type of analysis does not
complete planning for implementation. Planning for implementation continues
throughout the period from time Tp until time T, as well,

Because development projects have an element of novelty or uniqueness,
no previour management experience is exactly pertinent; in other words, because
the project is not a replication of activities that are ex;ctly similar to those
that occurred in the past, managers are not able to anticipate all of the factors
that eventually will influence the success of the project.7 For this reason,
as implementation of the project is initiated, unanticipated problems ocﬁut.
Scarcity of human or physical resources or the inapplicability of technology

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

7. Some development prdjects are more novel than others. See the expla-
nation of the differences between experimental, pilot, demonstration and capacity
expansion projects in the project management overview volume.
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After control processes direct managerial attentionm to these unanticipated
problems, analysis may reveal that initial plans must be modified. Specifi-
cationz must be changed, schedules adjusted, and new sources of project
inputs sough:.8 The ramifications of these managerial corrective actions
must be examined in terms of their effect upon project plans, particularly
budgets (human and financial) and schedules. Replanning is necessary to
assure proper coordination as project implementation activities are changed;
and project supporters must be advised of the problems and remedial actioms.

Plamning follows a certain logic or series of steps. The appropriate
logic depends upon many considerations including the managerial style, organi-
zational structure, environmental dynamics, and general cnlture;- Whatever
logic ia chosen, however, planning does not progress in a serial fashion from
one step to another without considerable iteration or retracing of "loops."
This is particularly true of development project planning which is done iz an
envifonment of uncertainty and novelty. |

Sometimes project planning recycles over steps that were previously done
because of umanticipated events, either internal or external to the project.
In this case, re-planning accommodates a different set of environmental
conditions or planning assumptions. Even if a project is so fortunate as to
encounter few major unanticipated "shocks" however, there is usually a number
of iteratioms through the planning logic. The logic may change somewhat
through each iteration, but the major difference between iterations iz the
addition of detail. The project planning process that is described by the
flowchart of Figure 2 demonstrates a number of iteratious through basically

the same logic in steps one through four.

8. This is not intended to imply that the performance of the final
output system will always be degraded, that costs will always be higher than
anticipated, or that schedules will necessarily be s’ipped. Project management
can often find a creative solution to the problem. See the learning package
on project manzgement 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. Omne reason is that the process
is frequently fragmented and transferred as it progresses between several
organizations and individuals, Thus, the project may be identified by a
central planning agency or a local action group and the first iteration would
provide only a summary definition. Most likely this first iteration, to the
extent that any detail is added, would concentrate on identifying the project
results == the output and needs that will be met for potential users and
beneficiaries. As steps two through four are performed, a project proposal
is generated and may be passed through several agsistance or govermment
agenciea, private firms, consultants, and development banks. A second reason
for the number of iterations is based on the innovative nature of projects.
Many ideas for development projects are generated whirh prove, after
varying degrees of analysis and study, to be impractical or infeasible.

Some of these ideas can be deleted from consideratiom with only a cursory
run through the logic. If each were analyzed in great detail, progressing
through the élanning logic one step at a time, considerable effort would
be wasted. 1In addition, projects are new entities; when they are borm,
there are no resources immediately assigned to perform tasks. They grow
in size and resource commitment over time as éhey demonstrate worth and
feasibility. They grow in increments when funds or managerial staff are
added to elaborate their definition. When one of these growth increments
occurs, the énpability in terms of managerial time and knowledge 1is increased
go that another planning iteration can be performed in considerably more
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 summary, planning is a necessary analytical function that must be
performed tu 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 highiy integrated cycle, if

projects are to be managed effectively.

* For Discussion Questions and Recommended Readings for this section
see pages 68 and 69.



Elaborating the Logic of Project Planning *

Although project planning (as defined in the last section) is frequently
fragmented among institutions aud separated artificially into phsses and
disciplines, a logic or decision flow can be used by project mansgament to
assure that decisions are made and communicated at each phase of project
planning and execution. In those less developed countries in which project
planning is particularly fragmented between ministries or performed primarily
by external assistance organizatiomns, a general logic or framework for
planning is critical to project succeas. If project management does not
select 2 logic and monitor the actual planning process to assure its coun-
formity to the logic, important steps or constituencies wmay be left out of
the actual process. If much of the planning is done by multinational
assistance organizations to identify, appraise, and prepare projects for
loan.approval, the planning may be heavily oriented toward economic and
financial analysis and the planning assistance may czase 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 checklist of logical ateps

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 aasistance organizations:

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

The Economic Development Institute, International Bank for
Raconstruction and Development (Baltimore: The Johns Hopkins
University Press, 1972).

2) 1Ian M. D. Little and James A. Mirrlees, Manual of Industrial
Project Anslysis in Developing Countries (Paris: Development
Center of the Organization for Economic Co-operatiom and
Development, 1968).

*For outline of cognitive learning outcomes 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 perfo;med.
Definition of a sequence of planning steps does not imply that planning
progresses straight through the 3equence without backtracking or looping
over a subget of steps. Figure 2, in the previous sectionm, depicted the
project planﬁing process as highly iterative. A few of the logic steps may
be repeated in greater detail as the project progresses from identification
to approval. One of several available checklists of the project planning
sequence is provided below; to be useful, however, any logic must be modified

to fit local conditions (such as the availability of plauning iniormacion).lo

Step 1. Assessment of the Project Euviromment

Before beginning the analysis to determine the feasibility of objectives
and the alternative methods that can be employed, an assessment of the project
enviromment is essentfal, Environmental assessment identifies the individuals
and institutions, and the general environmental conditions and trends that may
significantly influence the project. This activity is often ignored in project
management or is performed informslly and unsystematically 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 identif;cation 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, nutritiom, or populatiomn.

10. A different description of the project planning tasks is provided by
John Baumgartner, Project Management, (Homewood, Illinois: Richard D. Irwin,
Inc., 1963), pp. 19ff.

11. For this reason, a separate learning package has been designed to
increase knowledge and skills in '"Managing the Project Environment."
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The opportunities and constraints to the project represented by the
identified envirommental factors become major assumptions that govern the
direction and contert 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 these conditions will change in a known

manner, during project implementation. Project planning (including implementation

planning) can be greatly improved by:

1. comprashensively assessing the project enviromment to identify key
factors,

2, projecting thess factors into descriptions of future eavironmental
conditions that will significantly impact upon the project, and

3. stating these "planning assumptions" explicitly.
If plaming ;ssumptions are left implicit, as is usually the case, evalution and
control at a'lacar stage become difficuit, if not impossible., Deatermining why
actual results varied from intended results (plans) requires greater documentation

of the assuuptions upon which the plans were initially based.

Step 2. Definition of Objectives and Qutput Specification

During the process of assessing the environment, project managers will
undoubtedly spend a large proportion of the time studying the m;rket 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 operatiouns of the
project ocutput system. An example is the early identification of the proper

authority or agency to operate a hydroelectric faciii:y or irrigation
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system once the project (the construction of a dam) is conpleted.lz If an
existing agency is not a logical choice, a new "steady-state" mavagement
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 outputs during the periecd of routine operaticn., Needs
analysis performed during project appraisal establishes who the potential buyer
or client is (client‘characteristics and market size) and what the client wants
(product or service specifications in terms of performance, quality and price).
In the case of social programs and projects, not only mmst 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.

che.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 f£irst 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 ocutput
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 O. 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 Developvment 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 Development Programmes and Projects:
Some Major Issues (New York: United Nations, 1971), pp. 15-17 and pp. 36=39,
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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
feasibility. At this stage, however, the proper dimensions of the objectives must
be articulated to assure that later analysis will provide necessary detail.

Project managers know, for example, that the project plan must eventually be
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 guidancé 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-
sideration. It is obvious from inspection of this list that many of these criteria
are contradictory in the sense that improving one dimension may only be accomplished
by the sacrifice of one or more of the others. The effect of conflicting objec-

tives on the planning process is discussed more thoroughly below.

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 wuntil introduction
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Figure 3: Planning objectives/evaluation criteria (continued)

5. Maximize indirect effects to the development process
- reduce unemployment or underemployment
- increase income and wealth redistribution
- increase favorable balance of payments
- reduce inflation
- increase economic growth rates
~ increase vational 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 regioms.

9, Promote national integration of disparate cultures.

At this point in project planning, only the general or broad objectives have
been defined along appropriate dimensions. In later stages of planning, the
. objectives must be assigned prioricies or weights to facilitate appraisal. Project
managers must realize that priorities will depend upon the desires, power, and

influence of different constituencies who support the project.ls Priorities are

15. Establishment of the priorities affects the design of the project output
system more than project management usually realizes, For example, if the criterion
of income redistribution is of high priority in securing funding from a mutti-
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 Selectiom,' Finance and Development, Vol. 10,

No. 3, September, 1973, pages 27ff. To elaborate this point in terms of the
criteria of reducing unemployment or underemployment, sce the project design con~-
gsiderations contained in "Administrative Requirements for Labor-Intensive Devel-
opment," presented by the Development Administration Pancl Seminar, Southeast
Asia Advisory Development Group (SEADAG), Singapore, July 23-27, 1973,
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ilmost certain to change -- sometimes drastically =- dﬁring project implementation.
Project managers must be aénsittve 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
geveral budgetary cycles, contract time horizons, or changes in key supporters.
Each of these subobjectives must be translated into critaria for evdluation that
are highly measurenble'ind related to key events (milestones) in the prograss of

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

project scheduling.
Step 3, Identification égg Evaluation of Alternative Methods

In most projects, & variaty of methods or solution logics can be employed
to‘develop the desired project output system. The most common source of variation
is technology.16 In the sense that technology is used here, for example, a
family planning project output system may jnclude different methods of contraception.
A project to contruct a new industrial facility to produce glass products may chooée
a floatation process technology or a mold technology. For a given project output,
different kinds and combinations of inputs may define alternate methods of reaching
the project objectives}7'rhe most common example of this is the different degrees
of automation (rombinations of labor and capital) that could be built into the

project output cystem.

16, . For this reason, project management must be able to assess available
technologies (both indigenous and foraign) that can be applied. This sub ject
is treated in a separate learning package on technology assessment, transfer and

implementation,

17. Least cost alternative studies, as performed by organizations such
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
of theif relative merits, it is usually necessary to define activities for each
nethod. The appropriate degree of specificity indicates major différences among
nlternate'methods in terms of both benefits and costs. Differences in benefits
are usually reflected in performance of the goods or services produced by the
project output system. 1In 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 conpletion
is a critical factor, it may also be beneficial for project management to develop
a schedule of milestones (major intermediary events) and primary acfivities for
each feasible alternative method. (The evaluations may use summary CPM 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. 1In
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 mort <ases, howev@r, more than one alternative proves to be superior on
the basis of & 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
project will have substantially different preferences. In many instances of this
sort, project managers should avoid trying to aggregate dissimilar measures.

When higher-level decision makers or a variety of constituencies are involved

in the choice process, aggregation can hide raeal conflicts an4 trndeoffa that are

better resolved bafore the project enters the implementation stage. Frequently
meetings that in:lude representatives of different constituencies, such as sup=
porters and beneficiaries, will induce sufficient participation to assure that

thg final choice represents a negotiated position acceptable to all {nfluential
parties.

Another important factor affects the process of choosing between alternative
methods: the degree of uncertainty may be so high for all known alternatives, and
the success of the project may be so important, that no single alteznative can
be chosen. Rather a strategy of pursuing several alternative methods simultaneously
must be adopted in spite of the obvious disadvantage of increased costs. This
condition is particularly common among experimental projects in which success
depends on discovery of appropriate technology. The pursuance of parallel methods
is equally justifiable if the sources of uncertainty are political instabilities
or vagaries of funding sources.

1f several parallel methods are adopted simultaneously at this stage of
planning, the net effect is to delay choice. When this is done, project management

must establish frequent control check points at which the relative uneertainties
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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
organization. To the extent that project managers have been involved in
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
specification at this point in time depends upon two factors: 1) the budgetary
money, personnel, facilities, scarce materials) accuracy that is required foé
funding decision making and 2) the required articulation of important rels:ion=
ships between activities to ensure coordination,

Defining the work structure of the project requires first tae establish-
ment of the logical bases for dividing the total work inmto specific activities,
tasks and subtasks in a hierarchical fashion. A common basis for division is
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 statiom,
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),
budgets and schedules will be prepared for each region. In contrast, a
dtv;sion by item may call for separate budgets, etc., for the bridges, road-
vays, 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 proporticn
of professionals such as engineers, physicians, or agronomists. It may be
necessary for project managers to solicit the consultation of members to these
profeasions in order to define activities in sufficient detail., If possible,
those professionals eventualiy selected to staff the project should be uzed
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 implementationm. Activity planning can become overly detailed

prematurely, thereby confining and demotivating professional staff members.

Step 6. Obtain forecasts

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 thoes Individuals who

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

After individual project activities are budgeted and scheduled, aggregate
budgets and schedules can be calculated for the project. In this first attempt,
the total cost or scheduled time may often turn out to be excessive, Reviews
of “critical paths" or inordinately expensive activities frequently reveal
sources of tradeoffs that may be made to reduce budgets and schedules to

feasible proportions.

Step 8. Securing Approvals: Summary Plans and Proposals

Securing the approval of & project proposal and assuring the dispersion of
funds may occur at quite different points in the project planning process depending
upon several factors. Ome such factor is the source of the funds. If private
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
worthiness may be less of a problem than if a multinational assistance organiza-~
tion provides a loan. In the latter case, substantially more financial and
economic analysis maybe required before a loan will be granted. Even within
a specific assistance agency, differences in approval requirements end timing
may exist, For example, loans from the World Bank are frequently approved at
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
formal commitment of resources. If project managers have been properly interacting

with important constituencies to formulate plans in earlier stages, then the
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approval process can be more resdily expadited. A formal "chain of command" often
exists in public sector project approval procasses Co securs legal ratification,
political legitimization, and zhe allocation of funds. However, project managers
cannot ignors those constituencies that are not part of the formal raview and
approval procass but who cun influence the success of the project. In soma
instances, the project approval process cau be influenced by encouraging benes-
£iciaries to form power groups and lobby for necessary legislatioum, funding, and
support. In the érivu:n sactor, dcvilopn.n: banks are frequently influenced in
funding decisions (especially on loans to small and medium-sized firms) 1if

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

Step 9. Communication of Aggregate Plans; Elsboration gg Activity and Task Plans
Once approval and funding is secured, project managers can beéin organizing
the project.la As management begins staffing, it adds additional managers and
staff specialists for large projects. As the work force, professionals, and
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
organization grows in size, ;g;.importance of formal planning increases rapidly.
For each manager to develop plauns for that portion of the project under his
responsibility, he must understand aggregate objectives, assumptiouns, and policies.
Thus formal planning not only assures that the individual project manager

develops plans in a complete and logical manuer, but it facilitates communication

and coordination with others working omn the project.

18. This extensive subject, the organizing of projects, is covered
in another learning package.
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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
by top management than by the individual performing the work. Lower level project
managers provide supervision to low-tkilled 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
procedural glanning‘ because management spells out the ‘detailed procedures to
be used; task performers have few decisions to make. 1f, however, the majority
of the tasks are not programmable but rather require considerable skill, profes-
sicaal knowledge and judgment on the part of the performers, then project manage-
ment must seek their participation in task and activity plamning. Mansgement
must than use a form of participazive planning sometimes referred to as declara-
rive glanning; Using declarative planning, management specifies what is fo be
accomplished as well as the time and other resources available to perform the
task. How the task is to be accompl%shed and the methods and approaches that
are most appropriate are decided by the task performers. Figure 4 surmarizes
the main advantages of each form of planning. The respective advantages will
suggest to project management whéther 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
complex or involves considerable tachnical knowledge and language, accurate
communication may be difficult if a nominteractive form of communication is chosen.
Noninteractive communication is one-way communication =~ as in the distribution of

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 sedusuce, of
a sat of actions which will result in the accomplishment
of a desired outcoma.

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

2, may be communicated quickly in a non-intsractive
moda to large audiences.

Declarative Planning ~spacification of a desired ocutcome and organizational
rasources available to accomplish it, The sctions for
achiaving it are to be determined by subunits responsible
for implementation.

Advantages: 1. greater involvement in the planning prdcess usually
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 rsascnable 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 communication allows the receiver to question or paraphrase the
message to test his understanding with the sender. Each of these forms of come
munication has its respective advantages (as shown in Figure 5) for the trans-
mission of plans.

Thus as project implemsntation begins with staffing and structuring of
the proj;ct organization, planning continues'with the elaboration 6f 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 owm
activities, a similar sequence to that described above for project management must

be performed at the appropriate organizational level.
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o Advantages of Interactive
- Greater massage content transmissién accuracy
- Receivers more satisfiad, can test for errors
e Adventages of Noninteractive
= Faster

= Transmitters more satisfied, not under attack for
.poor Eommunication

Figure 5: Advantages of interactive and noninteractive forms
of communication

Step 10, Developmant of Progress Monitoring and Cont:rol19

Step 11. Monitoring of Internal Progress and Eavironmental Chauge19

Step 12. Measurement of Progresglg

Step i3. Identification of Problems and obstncles19

Step 14. Replanning of Project Activities and Resource Reallocation

In almoast all development projects, progress deviates considerably from
plans, Moet plans turn out to be overly ambitious, and tend to understate
resource constraints, delays and capability to accomplish activities. 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 ocutputs. 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 relatiomship to the plamnning logic. They are
‘described in detail in the learning package entitled Project Management Control
Processes,
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implementation planning frequently requires creative problem solving on an almost

20 Much of this

continual basis by both project managers and technical experts.
replanning takes place at the task or activity level, but frequently no solutiom
can be Zound that does not requirs modifications of schedules and budgets. 1f
the ramifications of plan modifications are known early enough, rescurces can
sometimes be reallocated from activities containing slack or be augmented by
additional funding. Scheduling techniques can be incorporated in the plaaning
process to facilitate plan modifications and operational changes. These arTa

discussed in a later section.

Step 15. Termination Planuning and Preparation for Transferx of Project Results

Many development projacts are not terminated at the proper time or in
an effactive manner. Because projects are limited in scope with speéific 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 managers have adequate
gkills or experience in planning for project terminationm. To improve the process,
termination planning must begin at the outset of a project. In defining resource
requirements, for example, the expected 1ife of the project should not Be
considerably less tﬁan.:he lifénof physical equipment unless management plans
for the transfer of ~his equipment to the prcject output system, to another
project, or to a market where it can be resold, If bulldozers, for example,
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 om project
management problem solving.
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Managemant must also plan for termination before the expected completion
date because many development projects should be terminated for reasons other than
successful attainment of objectives. These reasons include the discovery of more
effective alternatives, shifts in client or domor 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, B The process
of planning for termination, whether tha project is successfully completed or not,
should include the experts who are providing professiomal irputs to the design
of the project output sysﬁem. Often they resist termination of unsuccessful
projects for fear of damage to their professicnal reputation. They may afsp
rasist termination when objectives have been accomplished for fear of a premature
"design frgeze;"»they may wish to increase quality or reliability beyond a point
that is ecunomically 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.

As discussed esrlier, the project output system musc be designed in such a

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 unconsumed project resources must be planned, particularly
for project personnel because they will often have improved capabilities as a

result of the project experience.
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In summary, following the logi~ 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 docduments
wmay be prepared with inputs from 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
rapidly to all levels of management and combinations of the techniques are
used to assist in many different functions and phases of project manage-
ment, Suﬁmary or milestone charts are used by top management to plan
and coordinate the activities of lower-level projects, These projects
often use ache&uling techniques.. to provide detailed descriptions of activities
within the project and activities requiring coordination with other projects
or with project subcontractors. The techuniques are used to formalize many of
the planning, control, and implementation functions of management. At the
inception of a program or project, the definition of the logic of the network
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 orderito judge the cost and schedule
implications for different methods of parfé?ﬁing project activities. After the -
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
use of additional scheduling techniques, such as resource reallocation, manpower
loading, and responsibility charting methods.

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

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

21The process of control and its relationship to planning is elaborated
in the learning package entitled "Project Mauagement Control."

*For outline of cognitive learning outcomes expected from this section
see page 73.
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of program and project management, schedule and budget slippages ocaur fairly
frequently within some of the activities. Managsment can use the scheduling
techniques as tools for determining what managerial actions are appropriata. In
othar words, if the slippage is minor and does not affect the completion of other
activities, mauagement can deal directly with the implementation problems of

the work group responsible for that activity. Perhaps staffing i3 insufficient
or delinquent materials can be expeditad. Techanical problemsmight be solved

by holding problem saivihg mestings with the work group or providing expertise
and consultation from outside tke work group. Problems of leadership or morale
within the work group might also be alleviated in an analogous fashion. The
schcduliﬁg techniques may, in fact, indicata that even with illppage, the project
will be complaeted on time L{f the activity is not critical in the schedule. In
such a case management may simply choose to ignore the slippage (using the
excep¢ion principle) thereby directing its attention to areas which are more
important 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
replanning efforts to reallocate and redirect prnject resources. -1t may
aven be necassary_to chnngg_f@a previous planning process. For example, different
scheduling tachniques might be used to improve the management functions that
are most needed to correct problﬁms encountered in implementing the project. As
an illustration, Lf Gantt chatts,:because of their simplicitly, were used
as the major planning device,and if the project appears to be suffering from
a lack of communication and coordination between activity work groups, a network
scheduling technique might be used to introduce greater recognition of the

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

In the most common context (the scheduling of the repetitive production and
distribution of current goods and services), the required activities are well
lmown and the available resources are also well defined. Scheduling is then a
relatively simple process of assigning the activities to the facilities and

otker resources. Because program and project activities generally involve more
mique, novel, and perhaps even highly creative kinds of activities, little is
known in advance about the ipecific work to be performad 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 thes progran 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 aszociated with their implementation. Program and project managers
must not only select the proper combination of scheduling methods but also
educate and motivate the project tesm to use them. This must be accomplished
not only for the initial planmning but also throughout the implementstion and
control phases during the life of the project. To do this, managexent must be
actively involved in the following four functions:

1. Selaction of appropriate scheduling techniques. This implies

an understanding on the part of the mapagement 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
difficulties. Management must motivate the program and project
teams to plan, in order to avoid the false starts that are encountered
vhen development projects proceed without adequate planning.

4. FEstablishment of progress monitoring and reporting procedures

using the techniques to facilitate replanning as technical and/or
administrative problems are encountered.

In addition, project managers must be perceived as using and supporting
the planning and control activities. In the control process, project management
must be perceived to react in a positive manner. Correction of schedule oz
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.

To assist in the selection process, a set of criteria are described
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 activity management, In addition
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Benefits

The technique facilitates:

derivation of output specification
delineation of required activities
coordination and communication between work groups and levels
of management :
determination of type, amount, and timing of necessary resources
- recognition of high-risk elements and assessment of uncertainties.
suggestion of alternate courses of action
delineation of effects of resource level changes on schedules and
output performance
assurance of coupling between planning and control

[+ ~p o U W N -
.

Costs
The technique requires:

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

2. additional staff or smaller spans of control to free managerial time
for planning tasks (increased managerial overhead) ‘

3. special studies and analyses or services by external consultants
or staff (salaries or consulting expenditures)

4. trainipg of the project team in the use of the technique (cost of

5

training time and materials)
. " time for preparation and review of reports (professional, staff,
and managerial time)
6. development of new systems to support the technique (budgeting, cost
accumulatien, information, computer software.

Figure 6 Criteria for Project Planning Technique Selectio.

to incurring excessive cﬁsts, the detail obscures the most pertinent issues from
the attention of top management. Different levels of management may require
different combinations of techniques. For example, the highest level may require
use of CPM 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 regresentationé of séhedules

Scheduling techniques facilitate the review of project plans and progress
through the use of charts and graphs to dcpict 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 forms of charts 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 tas.s of each‘work group, the project must be divided into work
activities which,-when completed, will assure achievemﬁnc of the objectives. The
detail which musf be used in defining these activities depends upon the lgvel
of management and the purposes of the plan. Thus, at top levels of program
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 summary chart may be elaborated into an operations chart
of 50, 100, or even more tasks depending upon the complexity of the sroject.
Usually the summary graphs or charts are developed firat in planning processes
by top 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 summary charts.

In deciding how to break the efforts of the program or project into
activities to be charted, a first attempt should concentrate on dperationally
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 summarized

by working backwards from objectives to determine the activities that must be



40

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 responsible 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 thezlogic, the times for comp-
letion of activities should be ignored until the sequenqing, relationships
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 iz most ‘asily attained if the events can be
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defined in terms of some observable, physical output such as a machine, a

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

Gantt Charts

Gantt charting is the simplest scheduling technique. On a Gantt
chart, the activities are listed by name and the estimated Eime for comple=
tion of each activity is represented by a times=-scaled bar. The bar is
positioned on a time-dimensioned ixis so that the start of the bar is at the
earliest possible start date. The format is 111ﬁatrated in the.example shown
in Figure 7. Gantt charting is most commonly used in the scheduling of repetitive
operations, where the activities breakdown has been performed ;s a routine.
Applied to non-repetitive operations such as project tasks, the Gantt charting
technique provides less assistance in plannicg and directing activities because
it neither allows for expression of uncertainty nor raveals relationships among
activities in a project. If relationships are not explicitly revealed by the
scheduling technique, project management is unaware of the degree of flexibility
that is allowable 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 so
great that almost constant replanning is required. Activities can be added
or dropped from the chart or rescheduled with a minimum of pgperwork. Gantt

charts are therefore particularly helpful on small, experimental projects.
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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
ADVANTAGES: =~ 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 valus

-= no opportunity for sensitivity analysis

-~ no explicit recognition of uncertainty

Network Analysis

A number 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.

<::) Build Road \ Build Plant <::)
> (:) at A ?
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it is important at this point to clarify the distinction between activities
and events. Activities are subdivisions of the project work that consume resources .
such as time and money. An activity for a land reclamation project may be the
construction of a dike. This activity may take four months and cost $70,006.
An event is a particular point in time when something signifiunt: is scheduled
to happen; an évent is associated with the beginning or the end of an activity.
The completion of the dike is an event. There are no resources associated with
events. There exist two types of network diagramming: arrow diagramming and

precedence diagramming.

1. Arrow diagramming.
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
in order to indicata activities that have no physical significance, zero time
duration, and require no resources. The dummy arrows are used to show the
correct relationships when this cannot be done by bringing the terminals of

the arrows involved together at a common node.

Activity A ~ Activity C

0 >0 >0

Activity B Activity D
0 >0 »0

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

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 indicéting
activity 20 below.

Recruit Train Complete Assign Workers
Workers Workers -Training to Task

@ 1 > [2g] >@

Prepare training
programs and facilities

The first procedures for CPM were precedence diagramming 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 CPM. The earliest
version was based on precedence diagramming. Later versions are based on arrow

diagramming and are treated essentially as a form of detemministic PERT.ZZ

Since
PERT is discussed below, precedence diagramming form of CFM 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 ~ i test enginef’7§
0 (2)

>5( 1
A/ 7
A grouping of activities and events form a network. No looping is allowed.

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

22For a description of arrow diagramming CFM and example networks applied
to development projects, see Kenneth F. Smith, Project Management Systems for

Economic Development (Washington:AID).




46

En the above example, activity one must occur befoie the activity "test engine"
can start. The length 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" glack) 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
tolerated before the start of the next activity will be delayed. To calculate
these slack values for a given network, four time values wust 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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AP Project Agreament

APA AN Signed Oft
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APO Draftsd

CW Commodities In Warehouse

Figure 8

NAA Approved
NAR Received

P Plans & Procedures
PO Drafted
PA Approved -

TE  Training Of Extemion Ofrs. (incl. CO)
TEC Course Begins

TEG Graduation

TEM Matserisls Resdy

TEO Organization Cemplete

TVS Selection of Participants

A time=-scaled PERT chart23

TVC Course Begins
TVG Graduation

TVS Seiection Of Participants

V  Village Campaign
VBP Presentation In Beginning Village
VM  Materiais Ready

X Externally Determined Dates

XB Begin
XGB Governors Conference Beging

23Reproduced from Kenneth F. Smith, Project Management Systems for

Economic Development.

(Washington, D.C.:

AID), p. 41.
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Figure 9 An example CPM network
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and early finish (EF), are calculated by a "forward pass" through the network.
That is, starting at the left of the network (the first project activity),
these times are computed for each activity such that all predecesgsor activities
must have these values associated with tham before they can be calculated for
a given activity. The early start time is the earliest possible time that an
activity can begin given that all its predecessors also bagan at their ES times.
The early finish time is simply the ES time plus the time it takes tu accomp-
1ish the activity, the activity duration time, ADT. These two values are
calculated on the forward pass using the following rules:
Forward Network Pass, activity i

ES, = Maximum: {Predecessors' EFs}

EF; = ESy + ADTy
In the example network, activity G has two predecessors, D and E. The EF of
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.

The second two time values associated with each activity, the late st=r¢
(LS) and the late finish (LF), are calculated on a "backward network pass’
using the 'sllowing rules:
Baclkward Network Pass, activity i

IF; = Minimm: {Successors’ LS8}

LSy = LFy - ADTj
The backuard pass starts at the right, the last activity in the project, and
proceeds to the left, towards the £irst activity. To start the bagkward pass,
the IF 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 example 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 minimim of these

1Ss or 21. The LS of B is the LF, 21, minus the ADT of B, 6, for a value of 15.
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The total slack for each activity is calculated using the following rule:
TSy = LSy = E§4
In the example network, the total slack of activity F is 33 - 25 = 8. The free
slack i3 computed using the following rule:
FSy = Minimum: Successors' ESs = EFy

Thus ir tt}e exanple 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 sams, 21, so that the FS of B is 21 minus the EF 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 LF 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 stap. Instead of setting the ILF of the last
activity equal to its EF, the LF is set equal to the scheduled completion time,
SCT. Thus, if the SCT is less than the EF computed on the forward pass, the
LFs, and LSs of all activities will be less than when computed using the EF
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 CPM shows the relationships between activities and presents the
planning information that is necassary for reallocating resources between
activities, it is a very useful planning tool for projects that require careful
coordination. Thus, if cthe activities are performed by a diverse group of

subcontractors or governmental agencies, CPM can kelp project management communicate
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the role of each subcontractor or agency to its management. Care must be taken
tc define activities so that the work to be performed in each includes omly

that for which the separate subcontractor is reséonsible. 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
larger projects. If top management develops only & summary, integrative network
and the major activities on it are expanded to subnetworks by lower levels of
management, only the affected portions of the plans must be revised during planning
changes. Thus very large projects such as construction of hydroelectric systems,
or oxtensive irrigation or transportation systems may profit considerably by

the uxe of CPM.

Sumnary: Critical Path Method

Data Requirements: - number, type, and relationship of activities
- activity duration (best estimate)

- activity progress during operating phaie

Qutput 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

Disadvantages: - complexity adds to implementation problems

= fairly extensive data requirements

-« change in activity relationships require an
entire new graph 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
CPM, it identifies critical paths and slack but it is more sophisticated than
CPM because it introduces the notior 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 CTid except here the nodes represent events instead
of activities.
2. Develop three time estimates for each activity in the network:
a = optimiastic 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 longest 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. The B distribution is used in the PERT estimation process. The time,
te, 18 the estimated mean of the distribution of possible elapsed times that

may be required to complete a given activity.

— a+im+b
e 6

The mean, t,, 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 the 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
recommend 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
forms of slack are computed for PERT in the same manner as was used above for
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
time (ADT), the t, computed in the above step is used in the formulas.

5. Compute the probability of meeting the schedule. First a variance
{s calculated for the random variables, the times to complete each of the
activities, using the following formula:

vaR(e) = o0)2

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.;etwork is simply
the sum of the variances of all the activity times on the path. Using the mean
times to calculate the critical path expected total time, Tg, to completion and
sumning the variances of the activitieg times in the critical path, provides the
m;;n and the standard deviation (the square root of the total variance) of a
pnormal distribution. This normal distribution is completely defined by the mean
and the standard deviation and thus may be used to calculate the probability

of completion by any scheduled time, Tg. For example, if the critical path has
an expected total completion time of 140 days and the variance is 100, one

might wish to know how certain the completion of the project is by the end of '

150 days. The standardized normal probability table could be used by calculating

the £ value,
Z - Tg-Tg 2 150-140 _10 _,
r —— .
Tg 100 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

with different paths through the network. The big advantage of PERT over CPM
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is that it directs 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 thnh 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.

Summary: Program Evaluation and Review Technique (PERT}
Data Requirements: CPM plus the following

- . three time eatimates by activity experts - most
likely, pessimistic, and optimistic -

- project scheduled completion date

= activity schedule dates

Qutput 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: CPM plus the following

« a knowledge of the likelihood of complation 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 o1 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 tast models or prototypes at the end of a demonstration project.
1t pinpoints production problems by predicting delays in the f£inal product which
rasult from slippages in the components and subnssembiy 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 generaticn of four charts:

1. the objectives chart or ocutput delivery schedule,

2, the ptojcci pian and control point network,

3. the physical inventory progress chart, and

4, the line of balance chart.

Example of each of these charts is shown in Figure 10 and expliinnd balow.

The objactives chart simply plots the scheduled dates of delivery objec=
tives in terms of the number of units of production planned. The'éolid line
represents the planned delivery schedule. The actual deliveries are plotted and
compared 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
behind schedule but by the end of June, deliveries were back on schedule.

The control point network is time scaled to ghow the key operations or
activities to be performed on each unit. The symbol for each activity is placed
on the network in such a position as to illustrate the lead time necessary to
accomplish the remaining activities if a umit is to be completed on schedula.
‘Completion of each key activity is a control point which will be used on the
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 couat
of {tems but given instead in terms of completed fabrication of a type of com=~

ponent for which three are required in the final product, and if thirty components
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are available or shipped at the review date, tha cumulative production units
shown on tha chart for control point three would be ten.

The line of balance chart translates the cumulitive production requirements
at each control point from the objectives chart and superimposes this line of
balance on the progress chart. To comstruct the line of balance, the quantities
vequired 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 raviev dats, cumulative production of £qgr completed units is needed to be
on schedule. At coatrol point four, & lead time of two months i{s needed to
finish processing equivalent unlts at that staga. 3By August 31, eight units
must be completed so on June 30 thers must be the equivalent of eight units at
or past control point four for the neceasary two months lead time. The line of
balanca translates the schedulad production into the requiremants at each control
point. As can S. seen in the exampla, when progress is compared to planned
production, progress at control point three is behind schedule and will result
in a slippage on one unit by August 31, unless corractive action is taken. Since
progress at control points two, four, and five is ahead of schedule, resources
may be taken from the activities associated with these control points if their
use will expedite progress at the third control point.

Summary: Line.of Balance (LOB)
Data Requirements: - Output delivery schedule
- Program plan and control network
- Physical inventory progress information:
A line of balance or the production quantities needed

at each subsystem control point to support the output
dalivery schedule.

OQutput Information:

« At each review point, the effect of subsystem slippages
on the final schedule is determined.
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Advanugia: = Pinpoints production bottlenscks and potential
slippages for prototypes and demonstration or
replication programs

= Predicts effect on production quotas of dalays
in subsystem davelopment

= Simpler than other network taciniquas to understand
and implement

Disadvantages: = Useful in its present form for repetitive activities
within projects, particularly with physical output
involved

= Considerably more complex with grester information
requirements than Gantt charts

FERT/Cost

Planning and contralling projects so that time schedules are met may
not be enough to assura successful completion in terms of budgets. Frequently
schedules are compressed to avoid slippeges by allocating more resources and
overxrunning the budget. Some sort of formal system is needed to relate the time
schedule to tha budget. One such method is PERT/cost.

The nead 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 systems are based on fixed time period planning and reviewing.
Project budgezs should 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 enocugh 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, In 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 manpewer loading technique. Once a
monetary valus is budgeted for the resources necessary to complete a project
activity, that monetary value must be 'loaded" or assigned against a time
schedule during the time span when that activity is expected to be in progress.
This is done by using the activity scheduled time from the PERT schedule,

There are several vays of doing this. Ome computer program simpiy assigns
the activity budget in a linear manner over the expected activity duration
starting at the earliest start time for the activity. Other programs use non-
linear functions and may assign the budget starting at some schedule point
between the earliest and the latest start dates. One program requires a weekly
cost estimate for each week that the activity is expected to be in progress.
The output of all of these methods, however, presents the budgeted cost on a
time schedule associated with activity progress. Thus during the progress
reviews, expenditures to date are compared to progress to date, not some
artificial budgetary period. In this manner, projects whose expenditures are
considerably over the projected hudget will be happily accepted as well managed,

if accomplishment is commensurately ahead of schedule.

Summary: PERT/Cost

Data Requirements: - PERT plus
- activity budgets (planning)

- expenditures by activity by cost account (control)

OQutput 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 resources 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 althéugh 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 generaily available or interchangeable it is sufficient
to control monetary expenditures. If not, then the critical skills should be
"loasded" 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 waek 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



Project X Total Manpower Requirements by Skill

Man-hours: Design Engineer

100-
0 10 Weeks
Man-hours: Market Analyst
100~ =
Weeks
0 10
Man~hours: Production Engineer
100- "
1 Weeks
0 10

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.
Summary: Manpower Loading

Data Requirements: = CPM or TERT plus
- the required man-hours for each activity by
skill categories
Out:j)ut 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: - CPM or PERT plus
- even greater data requirements
- project replanning necessitatcs functional
department 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
mans gerial and project resources to potential problem arsas. 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 which would normally be required by assigning fewer or more
resources, respectively.

1f these assumptions are valid and a formal procedure is desired, three
time estimstes and three cost estimates must be generated for each activity to
be involved in reallocating resources. (Some procedures use only two estimates -
"normal" pace and a "crash" pace.) 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 assumes that 1if
more tasks in the sctivity ware done in a sequential manuar rather than in
parallel with more rescurces or capacity, then the cost cauld i:e raduced by
extending the time by some amount. An alternate method of presenting these
estimates i3 to give an incremental cost per week (or some other éime period)
and the limit on the number of weeks which the normal time could be shortaned
by assigning more resources. The excended time aund asscciated savings could
be presented in & similar manner.

Once thie reallocation data are estimated, the network is searched for
opportunities to switch resources. This reallocation may be done by visual
inspection of the network and trial and error switching or it may be dome by
computer using one of the several heuristic programs aveilable., 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 r» extend these activities to the point of causing them to
become critical schedule items. Once the savings are known, they may be applied
to cctivities on the critical path starting with those activities with the lowest
incremental cost per unit time period saved. This search continues until the

szvings are depleted or some sort cf budget constraint is met or until the schedule

{s shortened to a satisfactory time frame.
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Summary: CPM and PERT Resource Reallocation

Data Requirements:

Output Information:

Advanteges.

Disadvantages:

CPM plus

for each activity: normal pace and cost,
collapsed time and cost, extended time and cost
CPM plus

the allocation of resources to minimize costs
for a given scheduled completion date

CPM plus

greater lmowledge of tradeoff between completion
dates and project costs by trying a mumber of
runs with different schedule dates

CPM plus

more dats 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 implementatiom,

4, examining the role changes required for project managers
who participate in planning for implementatiom.
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Planning for Implementation

Discussion Questions

1f 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" vho 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., Llist and note the major differences between the current planning
processes and the description provided above.

3., What organizational changes would be necessary to eliminate some
of the differences noted above?

4, How would the role of the typical project manager be changed if
he weres 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 curcvent project managers
adequately trained in project management to guide comprehensive
project planning processes? 1Is a special training program
neaded locally to develop this body of project managers? Where
and how might such a program be established if it were necessary?
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Planning for Implementation
Recommended Readings

In order to increase the learmer's understanding of the relationship
of project planning to the more highly aggregated planning of natiomal,
regional, or sectoral development, the following articles ars recommended

for their reading.

Hag, Mahbul ul., "Annual Planning in Pakistan," Journal of Development
Planning, Number 2, 1970, pp. 81-113.

I1, Lee Hee. '"Project Selection and Evaluation: Formulation of an_
Investment Program," Irma Adelman (Ed.), Practical Approaches
to Development Planning (Baltimore: Johns Hopkins Press, 1969).

Millikan, Max F. "Comments on Methods of Reporting and Evaluating
Progress under Plan Implementation,” in United Natious, Planning
and Plan Implementation (New York: United Natioms, 1967).
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Planning Processes for Development Project

Management

Elaborating the Logic of Project Planning

The desired cognitive learning ocutcomes 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 planaing process.

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.

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.
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Planning Processes for Development Project Management

Claborating the Logic of Project Planning

Discussion Questions

Learners should diacuss the following questions and issues after reading
this section. The discussion can best be directed toward their knowledge and
experience in a given sector or project. If the learners have little experience
with development project management, an invited speaker should describe the
usual plarning process for one or several development sectors.

1. Check off those steps of the plinning sequence described in the

paper if they are commonly accomplished comprehensively in the
learners' situations and experience.

2. Add steps or elaborzte the logic derived from the above exercise
1f 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 organizatiom, 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?
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Elaborating the Logic of Project Planning

Recommended Readings

To increase the learner's knowledge of the project planning process
and the varieties of plans that are generated in that process, the following
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and Development, International Monetary Fund and World Bank
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Project Scheduling

Thias section of the paper is provided for the purpose of accomplishing
the following cognitive learning outcomes for the trainee:

1. A conceptual development vhich 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
aud an appreciation of the need for careful selection and use.

3. General knowledge of techniquas and methods most fraquently used.
This general knowledge emphasizes what each technique doas
(and does not do) and its advantages and disadvantages for assis-
ting in the project management process.

4. Preliminary knowledge that is necessary to use the techniques
(for example, what informational inputs are requirad).
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

Proigct Scheduliqg

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
1s not possible, an outside resource such as & 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
uee of formal planning techniques?
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Planning Processes for Development Project Management
Project Schedulin
Recommended Readings

In order to increase the knowledge of the learner in the detailed

use of network planning techniques, the following readings sre recommended.

Packard, Philip C. Critical Path Analysis for Devel nt Administration
(Paris: The Hague, 1.972).

Peart, Alan T. Design of Project Managemsant Systems and Records (Bouton:
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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Intzoduction to tha Exercise Section

This secticn coatains several exsrcises and cases. They are included
hers as matexisl which can ba used to situlate some of the planning process and
ralated i{ssuas. It is expected that use of this material will assist the
participants in the davelopment of their r-oject planaing knowledge and skills.

Bach of the exercises contain detailed instructions of the procedure
for using them, The "Hollow Square' exs: '26 cen be an excellent simulation
of the dynamics which caa occur vhen planning is separated from implementation.
"pPreparing the Hetwork"” allows the participant the opportunity to apply net-
vorking to some activities with uhich he is very familiar. The "“Commupication
of Plans” exsrcise can be used to illustrats the differences in the processes
and vesults of intaractive and non-interactive plananing. The '"Role Analysis
Tachaique” {3 & tool chat can bas utilized during and after the training session
to ciarify role responsibilities c1 the project.

The case discugsion exsrcises are praceded by a suggested procedure for
their use vhich is applicable to all the cases, The major utilicy of eazh
case ts presentsd in thu susmary precaeding the cages.

All of the exurcises, including case discussions, are presented here
as supplesentary mstarial for use by trainers in project mnnnkcu.nt workshops
and craining sessions, It {3 the trainer's responsibility co decide which of
the exarcises sars most appropriate for his workshop and psrticular learning
objectivas. Those exsrcises not used can be addad to the backlog of training
racerial which will be available for use in future training sessions. Thase
exercises cas be besc used by assisting the parcicipants work through them,
conticually halping the participants to ralace vhat thay discover and les&rn

to their own axpeviences {n project management.
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Introduction to the '"Hollow Square' Exercise

The "Hollow Square" exercise is a very good tool for illustrating the
dynnnics that occur when 1) ome group attempts to plan some activities for
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
developmental project tasks. The construction of the hollow square is a
programeable, finite task with a clear point ~f termination. Yet the task
is sufficiently novel and complex to stimulate a very good simulation of what
happens when the planning &nd operating groups are separate groups.

The planning group many times assumes the existence of numerous con-
straints on their freedom to interact with the operating group. These assump-
tions greatly inhibit creative, effective responses to the problem. The plan
resulting from the planning group's activities is generally not clear enough
for the operating group to implement without interactive communication.

This exercise usually stimulates a great deal of interaction among the
participants. The excited involvement of the participants in the exercise is
very productive but it can detract from the value of the exercic= without
some facilitation on the part of the trainer., It is important that the group
davote some time at the end of the exercise to a discussion of how the dynamics
of this particular exercise occur in their work situations on the project,

What {s the significance of what they've learned here to their work?
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The "Hollow Square' Experiment*

I. To become aware of the dynamics involved in planning for the
accomplishment of a task which will be carried out by others.

II. 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 cut a task.

Group Size

No more than twenty-three members in a single erparimental group.
Two or more groups of up to twenty-three members each may be used if a
competition situation is desired,

Time Required
Approximately one hour.

Materials Utilized

[1.] Observation Team Briefing Sheets and Observer Notes for each
individual on an observing team.

1I. 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. Smull table...for each experimental group.

*]. 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 accommodata the experimantal groups comfortably
with accass to other rooms where the planning and operatilg teams can be

isolatad.

If two or mors experimental groups are competing, choose the size

of the room in proportion to the number of participants. Tables should be set
up to become the centar of activity; individuals should be able to move fresly
around them.

Process

L.

II.

III.

VI.

VII.

VIII.

The facilitator salects four people for the planning team and sends
them out of the room to be isolated.

The facilitator selects four paople for the operating tssm and sends
them to another room. This room should be comfortable, since this
team will have a waiting period.

The facilitator designates those members left (up to fiftaen) as

the cbserving team. He gives each individual a copy of the Observing
Team Briefing Sheet and allows them time to read it, Eact member

of the observing tesm chooses one member of each of the other teams
to observe.

The facilitator explains to ths observing team that they will

gather around the table where the plaunning and operating teams will
be working, and that their job will be to observe, take notas, and

be ready to discuss the results of the experiment after the operating
tesam has finished.

The facilitazor then brings in the planming 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 taam.

Following this distribution of materials, the facilitator explains to
the planning team that all the necessary iastructions are on the
Briefing Sheet....The facilitator answars all questions, if raised,
with the phrase, "All you need to know is on the Briefing Sheet."

The facilitator then cautions the observing team to remain silent
and not to offer clues.

The experiment proceeds of Lts 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
Stap Seven has bean completed until the experimental groups have
completed the assembly of the hollow squares.
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Following the completion of the experiment, the facilitator organizes
a discussion arownd the points illustrated by the experiment. He
cslls on the obsarvers for comments, raisss 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 ths planning tesm are acceptable, such as drawing
a detailed design on the Hollow Square Pattern, drawing a template

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 coustraints not prascribed by the formal
rules? Have they called in the operating team early in the planning
phase, an option which they are free to choose?

1£ thera has been a competition between or among experimental groups,
the elements involved which led to the winning team's efficiency may
be discussed.

The facilitator may wish to summarize with all the important points
raised during the discussion pericd.
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BOLLOW SQUARE OBSERVING TEAM BRIEFING SHEET

You will be observing s situation in which a planning team decides
how to solve a problem and gives instructions to an operating team for imple-
mentation. The problem consists of assembling seventeen pieces of cardboard
into the form of a hollow square. The planning team is supplied with the
general layout of the pileces. This team is not to assemble the parts itself
but is to instruct the operating team on how to assemble the parts in a mini-
mum smount of time. You will be silent obsevvers throughout the process.

SUGGESTIONS:

1. Each member of the observing tesm should watch the general pattern of
commmication but give special atteantion to one member of the planning
tesm (during the planning phase) snd one member of the operating team
(during the assembling period).

2. During the planning period watch for the following behaviors:

a. 1s thore balanced participation among planning tesm members?

b, What kinds of behavior block or facilitate the process?

¢c. How does tae planning team divide its time between planning and
instructing? (How early does it invite the operating team to come in?)

3. During the instructing period watch for the following behaviors:

a. Whicl member of the planning team gives the instructions? How was
this decided?

b, What strategy was employed in orienting the operating team to the task?

¢. Wh:z* assumptions made by the planning team are not communicated to the
operating team?

d. How effective were the instructions?

e. Did the operating team appear to feel free to ask questicns 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 vlanning team members exhibit as they
watched their plans being implamented or distorted?
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BOLLOW SQUARE PLANNING TEAM BRIEFING 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 your team, will make a hollow square design.

Your Task

)

2,

During a period of 35 minutes you are to do the following:

1an how the seventeen pieces distributed among you should be assembled
%o make the design.

Instruct your OPERATING 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
assenblingprocess).

General Rules

1.
2.

You must keep all piecas you have in front of you at all times.

You may mot tcuch or trads pleces with other members of your team
during the planning or instructing phasa.

You may not show the KEY at aoy time.

You may not assemble the entire square at any time (this is to be left
to your operating team).

You are not to mark on any of the piaces.
Mambers of your operating team must also observe the above rules.

When time is called for your tesm to begin assembling the pieces, you
may give no further instructions, but you are to observe the operation,
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| HOLLOW SQUARE PATTERN
pon assembled, the 17 pieces maks up the following pattern:




85

HOLLOW SQUARE KEY
(the 17 assembled pieces:)




1.

2.

3.
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HOLLOW SQUARE OPERATING TEAM BRIEFING SHEET

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 imstructions at any time. If they do not
summon you, you are to report to them anyway. Your task is scheduled
to begin exactly thirty minutes from now. After that, no further
instructions will be permitted.

You are to finish the assigned task as rapidly as possible.

During the period when you are waiting for a call from your plauning
team, it is suggested that you discuss and make notes on the following

a. What feelings and concerns do you experience while waiting for
inatructions for the unkrown task?

b. How can the four of you organize as a team?

The notes recorded on the above will be helpful during the discussion
following the completion of the task.
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Introduction to the Prapsring a Network Exercise

Network construction is an important aspect of effective project
planoning and implemantation. The following exercise is designsd to provide
individusls with the opportunity to increase their undarstanding of and skills
for network construction. The exercise requires that participants develop a
network of & 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 exsrcise can be modified whers necessary and
used for conmstructing networks of other activities. This flexibility makas

this a very useful exarcisas.



Preparing a Natvork

Purvoses

To provide participants with the opportunity to further davelop their
understanding of the network couscruction process. '

To provide psrticipsnts with the opportunity to develop their networking
skills by constructing a network of a life activity with which they are already
familiar.

To reinforce tha lecturs material through an axparienca-based learning
exercise.

Croup Size
Any size group will be sppropriste for this is an individual laval exarciss.

Tima Required
Approximately 45 minutes

Matarials

Papar and pencils are required for each participating ind{vidual.

Physical Secting

A room sufficiently lazge for the group size is approprisce. A chair
and vriting space for each individual will be needed,

Process

I. The facilitator should explain the geuaral purpose of tha exsrciss
and reviev the concapt of a natwork if necassary. He should inform
the individuals that they will work alone and comnstruct a precedence
petwork of activit{as that each person performs in the moriing between
rising and leaving for work. Start with the last activicy, '"lesving
the door" acd work backwards.

II. The first step is to list all of the major activities that taks
place between leaving the door snd rising.

III. Once all seen to be finishad, the facilitator instructs them to
construct the network of thase activiciss.

IV. Each person - hould add to the activities listed those of the othar
membors of his liousshold with vhom he intaracts.

V. These activities that are performad by others should be indicated
with a double 1ine bordering the activity box. The {ntaractious
should be noted.
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VI. Times for the activities should be estimated. The critical path
and slack should be calculated.

VII. Oace all are finished, the participants may wish to have a discussion
session on network co.struction. The facilitator siiould 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, 0'Keefe
Vanderbilt University

Communication of Plans: Interactive and Non-interactive Modes*

The following communication exercise is included to provide participants
the opportunity of experiencing non-interactive and interactive communication
for a relatively simple problem, It it expected that through this experience
tuey will d;velop a better understanding of the value of both of the communica-
tion modes. It is important they they relate this understanding to the processe
of planning in projects. Through discrision, it is hoped that the participants
will also develop a better understanding of the role of couwsunication in both

declarative and procedural planniug.

*Adapted and significantly modified from "One-way and Two-Way Communicatiom"
in Structured Experiences for Human Relations Training by J. W. Pfeiffer and
J. E. Jones, Iowa City, Iowa: Universit, Associates Press, 1969.




Purpose:
I.

II.
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To demonitrate the strengths and weaknesses of non-intaeractive
and interactive communication.

To provide an experience upon which to base a discussion of
non-interactive and interactive communication in procedural
and declarative planning.

Group Size: eight or more participants

Time Requized: as much time as the trainers think is useful (minimm of 43

Materials:
I.
1I.
III.

v,

V.

minvies) ‘ _

Chalkboard, chalk, and erassr or newapring and marking pen.
Two sheets of paper and a pen or pencil for each participant.
Copias »f Charts 1 and 2,

T.40 or more copies ecach of Observer's Handout, Chart 1 and
Observer's Handout, Chart 2.

Copies of Tables 1, 2, and 3.

Physical Setting: The participants should be seated so that they are facing

Brocess:

1.

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.

The trainer may wish to start with a discussion of the differences
between Procedural and Daclarative Planning, which were presented
in the paper on Planning., He should then discusa the issue that
just ag different forms of planning are appropriate for various
project task situations, so are different methods of commuuicating
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 sender. 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.



II.
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Phase One: Non-interactive Communication

The trainer should indicate that the participants will experiment
with the two different types of communication %y participating in
the following exercise.

1.

The trainer selects one person to demonstrate one-way communi-
cation and one or two others o 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 Cemonstrator stands with his back to
the group or stands behind a screen so that the participants
cannot see his face.

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 exactly 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. o

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 | -~ and agks 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
ard have them ready for use.)

TABLE 1

MEDIANS )2

Tims Elapsed

Guess Accuracy .

Actual Accuracy

TABLE 2 TABLE 3
g:::; Guass Actual g:::; Guess Actual
S 5
4 4
k] 3
2 2
1 1
0 0
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d. The facilitator tells the demonstrator to start after the
two minute period finishes. He reminds the demomstrator to
tell the participants to draw the squares as quickly and
as accurately as he can. The trainer should again remind
tha participants that they should not ask questions or make
any noise,

e. The trainer keeps track of the time it takes the demomstrator
to complete his instructions and recorda this time in Table 1,
colum 1 under Time Elapsed,

£. 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

III,

8. Repeat the experience but make the following changes: a
second demunstrator is selected and he uses Chart 2. He
stands facing the group. He seeks and responds to questions
from the group. There is a great deal of interactiom.

h. Once the demonatrator is finished, the trainer asks the
participants to guess the mumber they have correct for
Chart 2. 1In Table 2 he will £1ill in the GUESS columm with
the number of squares the people think they have corract
from Chart 1. In Table 3, he will place the mumber of
gue-z<a about Chart 2, He will then add each of the sets
of guesses and put the average guess in Table 1 just below
the Time Elapsed for each exercisa.

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 1.

The discussion of the results should be concerned with the following
questions:

Which type of communication 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 more orderly and
controlled?

It will be helpful to have the observers of both exercises share
their observations with the participants.

During the final phase of the discussion, the trainer should
facilitate the prncess of the participants' relating this experience
to their plamning and communication experiences in their work.
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The trainer should emphasize tne fact that interactive
communication contributaes considerably less to accuracy after
a problem has become more programmable and routine. He
should also emphasize the fact that interactive communication
is even more important in Declarative Planning than in

- Procedural Planning because the task situations are less
wall defined and neaed more clarification,



Directions:
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Chart I. Non-Interactive Communication
(To be given to first demonstrator)

The person selected to present non-interactive communication
should study the figure above., When finighed, he should
stard with his back to the group and instruct the
pari:icipants how to draw these figures. Ee should begin
witl the top square, describe it and then dascribe the
secind 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.




D! xections:
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Chart 2. Interactive Communication
(To be given to second. demonstrator)

The person selected to present Interactive Communication
should study the figure above. When finished, he should
stand facing 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 tha figures
emphasize the relationship of the lower ones to the
upper ones. Encourage people to ask questions.

Ansver all questions from participants and repeat
information {f it is necessary.
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(To Be Handed To The Participants For Non-Interactive Communicat.on)

_ Chart 1 Guess Correct

Actual Correct


http:Communicat.on

(To Be Handed To The Participants For Interactive Communication)

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 presentatiom?

Does he indicate through his behavior that He is making any mistakes?
Does the demonstrator appear to be aware of any hostility?

2, oblerve the participants,
they appear confident about the content of the message they are

rec.tving?
How do they behave?

Do they display any hostility toward the demonstrator? How 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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Obgerver'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 mesdage 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 noilsier 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

Developmnntal 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 behavicrs and activities that are associated with a
particular project position. Personnel 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. vRole 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 inncva:ive solutions
to non-routine 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 1f attention {s 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 i{s 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 coqtribute to
the project. R.A.T. can also contribute to the development of interdependence
in the project through better communication and a clearer understanding of

mutual obligations and responsibilities,



102

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 ea:ly 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 tov facilitate problem solving through a clearer
understanding of and consensus for a particular role's obligations and expec-
tations. It can assist in the identifica;ion 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.
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Role Analysis chhniqu.*

EEgOlll :

o To assist project personnel in devcloping & better undarstanding
of the purposas of each individusl position and how each contributes
to the project,

o To contribute to the development of interdependence through better
communication and a clearer urderstanding of wmutual obligations
and responsibilities.

o To minimize futurs misunderstanding and conflict through a clari-
fication of roles.

Staff Size: One staff psrson for each group is desirable.
Croup Size: Groups of up to eight 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 nawsprint.

Setting:

A chair is needed for each participant. Tablas may be used by each
group. If the room is very large, two or mors 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 en appropriate amount of detail is for the analysis of a role.
For example, in experimental projects, the role definitions would be
relatively general when compared to demonstration projects. This is
because the tasks cu.nnot be as well defined in an experimental project
because there iy less experience that is directly applicable to the
experimental tasks than in the demornztration.

*#This exercise was developed by William O0'Keefe of Vanderbilt University
with partial support of the Brazilian Govermment. The exercise is reproduced
here with the permisaion uf the Govermnment. The exarcise is originally based on
the work of Ishwar Dayal and J. M. Thoman, "Operation KFE: Developing a New

Orgsnization," Journal of Applied Behavioral Science, Volume 4, Number &, 1968,



Process:
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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 disetribute the materials to each group.

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.

The group i{s asked to think a few minutes in silence about the purpose
of the focal Tole 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?

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, atc, 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?

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 1list., The recorder will
place two sheets of newsprint on the wall. On ome he will write
"Obligations' and on the other, "Expectations."

The Zocal 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 statemeat 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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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.

There shouid be a great deal of overlap between the expectations and
obligations. After clarification of the points in common, the group
should then discu<s the important expectations that are different
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.

The exercise should end with the focil role person agreeing to write
a role description that summarizes the information discussed by the

group.

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 tha cases for discussion of
the i{ssuas on project planning, Below is an outline of a suggested procedure
which the trainer may use, or modify, to fit his particular circumstances,
when discussing the cases.

I.

IT.

III.

After selecting the appropriats case, distribute it sufficiently
in advance of the time that the case will be discussed.

Review with the group the main reasons for utilizing the case.
For example, '"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 xood case preparation, do not assign more than one
or two cases per 3session.

The isaues covered in the case can later be referred to ir
aprvopriate lectures or other discussion sessions. Participants can
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 discuss it, they may become demotivated.
The lack of motivation will inhibit good case preparation for future
diacussions.

The types of questions that may be asked by the trainer during a
case discussion include the following:

What are the main points illustrated by this case?

How do they relate to project management planning?

What kinda 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.
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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
(1.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 Alternatives 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 Yiateriuls un

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 formulaticn and implementati(sn of a project. Fach of
these changes, if they have a major impact on th«: roject output as it
was originally conceived, can become projects lu their own right. At a
minimun, replanning of the original project is reruired to accomodate
the changes as illustrated in this case.

Size and Location in a Project for a Beet-Sugar Miil: t(his case illustrates
two factors (size or econouies of scale and locittion) which frequently
offer alternative project formulations. These two factors, particularly
size, are often closely associated with technological alternatives, but
even vhen independent of the technical methods present important consider-
ations in defining the project output system,

Iran: Dez Multipurpose Project: this case illustrates a common occurrence in
physical infrastructure development projects =-- the multipurpose design
vhich 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 Demand-

This case (Case 6) was taken from the Manual

on Economic Develo%nt
Publication E/CN.

Projects, United Nations
6/Add.1/Rev.1/

TAA/LAT/12/Rev.!

Case 6
PRELIMINARY STUDY OF TRACTOR DEMAND

The case below coeresponds to a study made for the
Chilean Agricultural ans T rt Development Plan
(Plan de Desarrollo Agricola y de Transportes en Chile).
This time it was not made from the point of view of 2
project to instail an assembly industry or for the integral
manufacture of tractors in the country, but rather for
the balance-of-payments projection used in formulating the
Plan. The same fi 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 ocder to stress simply the method followed.

1. Baxis of projection

The basis uscd was the total number of tractors imported
into the country between 1939 and rgs3 inclusive, sub-
tracting from tiis amount those which have finished their
useful life (ciculated at 10 years according to 3 previous
survey) and rhosc not used ia agricultural-work. Hence
it was conclu led that at the time of the study there were
10 400 tracturs 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 cstimate had to be made
concerning the number of the former.

2. Projection

The projection was made accarding to the results shown
in table 18.

Column B of the table indicates the number of tractors
that completed their useful life each year, according to
the import statistics for previous years. Column C rafers
to tzactor demand derived from increases in the arca under
cultivation, in accordance with the objectives of the Agri»
cultura: Development Flan. Column D refers ts demand
derived from a higher degree of mechanization, tht is,
from the substitution of other forms of traction—differ-
ing from that achieved with tractors—and has also becn
estimated in terms of the Plan's objectives. Column E ra-

. presents total annual demand.

Avemfge annual demand for the different periods would

be the following:
Prrieds Tractors per year
1934-37 t 400
1938-61 1337
1934-61 1 868

The corresponding average annual imports were:

Peviods Tractors per year
1946-53 1276
194933 1438

The figures in the last column of table 18 reflect
the upward trend in the demand component represented
by replacement. It can also be seen tﬁ:t the growth in
the replacement percentage is not uniform, as shown by the
demand points in columns B and E. This is due to itre-
gularity in the historic scries of tractor imports, undoubtedly
affected by the war. That is why, in spite of an assumed
future uniform growth of agricultura production, peak
dcn_l:gds are recorded in some yzars of the projection
period.



. Somrce: Develop Corporati
Development Plan, 1934,

19.

CASE 6. PROJECTION OF TOTAL DEMAND FOR TRACTORS

3. Other data

The market study for tractors cannot be confined to
obtumnfnthe figures indicated in table 18. Other data must
also be known, such as those relating to trading and ted,-
nical services, for instance. In the annex on a ricultural
mechanization, the Plan explains that in 1950 the Corpo-
racién de Fomento undertook a survey designed to discover
lV;:ll'ious festures of the market. Some of them are given

ow.

The average tractor in Chile is of 32.; h.p. at the trac-

tion bar and replaces or is equivalent to 24 traction units.2®
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 coo. Another calcula-
tion, carried out on the basis of farm sizes, resched 2
similar figure (almost 27 000). Approximately  tractor is
used for every 100 hectares under cultivation, a ratio which
aan be used 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
mechanization is attempted.

Tablz 18
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Annsal demand for 1rattors Percents
i
Throngh ” .
; brocgh enss
Tractors For re. gy R e Annnl wabis
Year inuie ’i‘,‘: cnlsse mechan . d
-::‘J f2ation (1 w"‘,"‘/ 2)
{A) (8) (C) (D) (E)
1994 . . . . . 10 400 199 820 136 1178 17
x9;: 11376 482 632 136 1 290 37
1966 . . . .. 312184 762 701 136 1618 47
1937 . . . . . 13 041 560 299 136 13193 37
19¢8 . . . . . 13996 1 703 809 156 2668 64
1959 . . . . . 14 961 1137 783 156 2098 56
1960 . . . . . 15902 773 796 156 .17 43
1961 . .. . . 16854 1913 384 156 283y 67
1662 . . . . . 17794
{Corp ién de P de la Produccién) Chilaa Agricultursl and Toaaspost

The traction unit is a horse or its equivalent in oxen,
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Choice-of Technical Alternatives in

The Chilean Electrification Programmas

To Meet Demand in The Third Geographical
Region (1953 - 1964)

This case (Case 15) was taken from the Manual

On Economic Dalelg%nt Projects, United Nations

Publication E/CHN.

12/426/Add.1/Rev.1/

TAA/LAT/12/Rev.1

Case 1

CHOICE OF TECHNICAL ALTERNATIVES IN THE CHILEAN
BLECTRIFICATION PROGRAMME TO MEET DEMAND IN THE
THIRD GEOGRAPHICAL REGION (1953-1964)

t. Present deficit

_ The forecasts of maximum demand for olectrical en

in the third Chilean geographicai region were exphie;z
earlier.* A summary is given here of the technical analysis
whzgll;lwas made to choose ththe.- best alternative between the
possible power stations in the region. An appendix is added
to sim h};;‘:he_ text for those regaden whoP::e not familiar
with the technical aspects. The region is divided into two
zogesa. eorth and south of the River Maipo, shown as A
and B.

In 1953, when the programme was formulated, the
hourly demand in winter in zone A was 311000 i%k,
and 30000 in zone B, ziving a total of 341 oco for the
region. The total installed capacity to meet this demand was
338 ooo kW, of which the winter base load was estimated
at only 289 000 kW, so that there was an initial deficit.

All the cxxstmg installed power stations in the region
were listed, excluding only those not connected to the dis-
tribution gnd Of the latter, it is assumed that. industrial
stand-by stations would not operate if power wece available
from the grid. The power station of a mining enterprise
operating 1n the region was omitted, since this mine's de.
mand was also excluded from the consumption.

The list of plants included details of the type (hydro-
electqc or thermal), the date of installation aad power
(specifying the number of units and the installed capacity
of ad;ag ant, total installed power and winter maximum
basg | , ie,y the maximum power available in winter
during periods of maxisnum demand).

The lnéxstzlll)laxg'on d;tcs show that many of these plants
were old. During the project period (1953-1964) th
would reach the age of so yearg.c Other(s grseaur?ecﬁlomg

¢ See cise 3.

end many should be taken out of scrvice when the su ply
is adequate. For hydrological reasons, others cannot produce
the total of installed puwer in winter (glacier system of
rivers). To sum up, of an installed power of 338 coo kW,
289 000 kW of hrm power will be available only if no
plant goes out of service for majoc repairs, assuming that
there will be a certain minimim flow simuitzneously in the
diffecent rivers.®

2. Comparison of availability and demend

The total availability has been divided into the area
supplied under a concession to a private company, and the
remainder (2ones A and B respectively).

Comparing available power with the demand in the
20nes, it may be seen that zone B has a sueplus, while A
has a considerable deficit. The magnitude of this dcficit has
not been felt to its full catent, since a plant in zone B
delivers part of its output to zone A.

The base load available in zone A in 1952 came from
the private enterprise (154 800 kW) and the intercon-
nected plants of the system (estimated at 4x o0 kW),
The available total was therefore some 195000 kW, to
which may be added the surplus in zone B. In 1953, the
following was the situation in zone A: the transter of
63 000 surplus kW from zone B was added to the avail-
able 195 000 kW, giving 3 total availability of 260 coo
kW against an anticipated demand of 311 000 kW. A
deficit of 50 coo KW was therefoee foreseen, which could
only be reduced in past by the private industrial .plants
(totalling_some 9 500 kW).

The deficit in installed power is only part of thc_.-rgroblem;
the deficit in energy must also be considered. The latter
deficit is caused by periods of extreme drought, when the
regulating reservoirs do not accumulate sufficient water to
meet the daily peak load and the winter peak power and
available energy, which depends upon the flow, are thus
reduced.*

In zone B new plants are being constructed, which, in
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 195 000 kW

roduced by the private enterprise plus the inter-connected
industrial plants and the surpluses from zone B, will be as

shown in table 41.



3. Capacity to be instailed

The lvn'labili? shown in table 41 includes all plants,
existing and under construction, exceﬁi the small plants
belonging to industries which cannot be connected to the
system. As from 1958, the availability will be definitely
insufficient, and between 1956 and 1964 a minimum of
300 000 kW must be put into service.

4. Basic criteria for choosing dlternatives

Three general types of alternatives were discussed to
provide the necessary 300 000 kW, using the water and

* In plants without a reservoir, the power depends entirely oa
the volume of water flowing (see the technical appendix which
follows this example). . . .

* Explanstions of technical terms are given in the technical
sppendices at the end of case 3 and of this case.

Table 41

CASE 13. DEMAND AND AVAILABILITY OF ELECTRIC
ENERGY IN CHILE, ZONE A OF "HE THIRD GEOGRAPH.
ICAL REGION, 1531-64

(Thousunds of kil”)

Present availabiluy

Prok "
Yeer bowrly minding 7'0:‘

deme o ra“Tome" B
F7-71 S 2689 263.6
1992 4 4 v e b 0 v e e e 291.3 261.2
7:3 3 S 3108 268.8
1994 1 v o 0 b e s 331.8 266.4
T2} S 394.1 3136.2
195G .« v v 0 v e e s 378.0 343.2
1937 v v v v o 0 0 e 0 e 403.6 339.9
1998 . . . o v e e e 4380 3439
3039 « . o o 4 0 e oo 460.3 378.8
1960 . . . . 0 . 0 e e e 491.7 374.7
1961 + o v o v e e e e s $29.3 370.2
F17.7 $61.2 36%-4
1963 « . v . 0 o e e $99.8 360 2
3964 . . . .o .0 0o 642.0 4944

s The availsbility decreased because the_sumluscs of zone B, which are
mutf::::l\l w";om A, are declining, The word “present” refers (o the
stz ol the study.

coal resources of the region: possible small and medium-
sized hydroelectric plants, an thermal ones. The .gcneral
criterion adopted tor selection may be summarized as
follows: o )

(a) Construct first a medium-sized hydroelectric plant,
since the absolute increases in demand are less during the
first stage, as may be scen from table 41;

(b) Towards the end of the period, when the annual .

increases in demand are greater, construct a large hydro-

clectric plant; )
(c) During the intermediate years, construct thermal

plants to meet the demand an add flexibility to the
system.
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S. Discussion of alternatives for the medium-sized plant

The discussion kegan with an analysis of the alternatives

offered by two power stations (ca{led here I and II),
which together could have an installed capacity of 50 000
to 70000 kW, the maximum base load in winter being
some 35 000 kW. Although these plants were interesting,
since they would be ncar 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 III and IV (13000 and
14 500 kY¢/, respectively, of winter maximum base load).
These plants were not considered capable of construction
immediately becausz 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 coo
kW and VIII up to 22 0coo kW; VII'was preferred and
it was included in the programme, because of its greater
power, although its construction was more difficult. Its
winter maximum base load would be 40000 kW and it
would enter into service in 196a.

It will be appreciated that size and urgency were the
g:i;ominmt factors in this case, but no choice would have
possible without previous studies which showed the

-general characteristics of the alternatives.

6. Decision between large bydroelectric plants

The followinf four alternatives of over 120000 kW
were examined for the large plant.

A: Plant with 180 metres head, 130 0co kW.

B: Storage plant, 125 oco kW.

cl:cd Storage plant (different river), 130000 kW in-

D: Storage plant (different river), minimum power
165 000 kW.

Alternative D (on the River Rapel) was adopted for the
following reasons:

() 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 hydrologicil 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.?

In addition 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 thaa
hydroelectric plants are preferable to thermal ones does not imply that the
latter method should be discarded out of hand,
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CASE 13. POWER AV&

Table 42

EOGRAPHICAL REGION*
(Thousands of AW)

ILABLE IN CHILE, ZONE. A OF THE THIRD
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Available pove;

Surpluses
Pesk From the
Yewr Jrimrr, Jisais s e” ol Defeit
ia zome 4 b R
dustried iow or
Lants planned
771 S 268.9 195.9 6717 263.6 $.3
1992 . ¢ . .0 oo e 291.3 19%.9 6%.3 261.3 30.2
1993 ¢+ o . o oo e 3108 193.9 61.9 258.8 ’2.0
1934 « « o o oo e 331.8 193.9 6o.3 . 236.4 754
1933 e 354.2 959 1303 346.2 719
1936 e e 378.0 195%.9 1473 343.3 34.8
1937 « o v v o v s 403.6 195.9 144.0 339.9 637
1938 . . .. .. 431.0 193.9 149.6 3433 83.3
1959 .« o o o . e 460.3 193.3 1829 378.8 81.3
1960 . . . - . v 491.7 19%.9 218.8 414.7 770
1961 . . . ... 523.3 195.9 214.3 4103 1152
1962 . . ¢ o o 4o 561.2 193.9 264.3 460.4 xgo-s
1963 . . o . 4 .o $99.8 195.9 3141 $10.0 £9.8
1964 « « -+ . o - 641.0 193.9 3639 $39.4 81.6

* & Including works under

coastruct
regioa in the programune (1933-1964) .

alternative, plant A, which is run-of-the river, was dis-
carded for other reasons: it cannot produce more than
290 million KWh in winter (against 400 million with plant
D); and it depends greatly upon the future operating
conditions of a projected isrigation reserveir in its rives,
which cannot be sufficiently appreciated uantil it has beea
in operation for some years. ’Fhis climinates A for the
riod under consideration.

(&) Past studies of alternative C show that the coa-
struction of a dam on the bed of this river would be
extremely costly and would limit the height of the reser-
voit. It would also have little advantage as a source of
electricity supply, since the rises in the river are very irreg-
ular over a period of years, and the capacity of the
reservoic would be insufficient to give complete control.

(¢) Plant B would obtain its water from the damming
of a lake for irrigation purposes, which is at present undes
way, and depends on the completion of that work.® The
probable power of 125 coo kW is estimated from extra-
polated hydrological statistics based on obsegrvations over
relatively short periods. It is therefore not known precisely
how much water will be available in the teservoir for
generating electricity in winter. It was considered better to
wait until some years after the completion of the reservair,
during which period hﬁdrologicnl cbservations would pro-
vide reliable data on which to base studies of alteznative B.

(d) Plant B, although it has a reservoir, is a mountain
plant. If this were to be built fust, the supply to the main
consumer centre in the capital of the country would depend
on three mountain plaats, all in the same area, which
would supply more than half the power required and
which would be linked to the consumer area by 320 km
of transmission lines, including 100 km through mouan-
tainous country. This would be most unwise from the point
of view of possible interru%tions of the supply.

(¢) Alternative D (the River Rapel) has the following
advantages over the others:

A water administration agreement was reached.

ion in 1932 and the twa new hydroelectric plants coatempiated for this



Table 43
CASE 1s. AVAILABLE WINTER BASIC LOAD IN CHILE, ZONE A OF THE THIRD GEGSGRAPHICAL REGION, FOR THE PERIOD 1933-64

(Thousands of kW)

Bxisting plant

New works ander comstisction or plannsd

Peak Cia. . Type of plamt
Yeer 7:2:1 E%‘:l}:::- B‘%l;:l‘:::i Otberss 3%5::::‘ Sansalite Uila 13::,"":' Tinoco Rapel Thermal ﬁ:“,’,’,:; Total Deficit Reserve
L{
198 . . . . . 268.9 134.8 6717 41X — — —_ — -— — 8129 1807 263.6 33 —
1952 . . . . . 291.3 154.8 65.3 4T.2 —_— —_ —_— — — — 829 178.3 261.2 30.1 —
1953 . . . . . 310.8 154.8 629 41.1 —_— —_ —_ _ — — 81.9 1759 258.8 s2.0 —_—
1954 . . . . . 331.8 154.8 60.3 411 —_ — — —_ — —_— 82.9 X735 256.4 75-4 —_—
1955 - - . . . 354.1 154.8 150.3 411 - — — —_ - - 81.9 263.3 346.2 79 -
1956 . . . . . 378.0 134.8 1473 411 —_ — —_ -— — — 82.9 260.3 3432 34.8 _
1957 -« « - . - 403.6 154.8 144.0 4L 40 — — — — —-— 1229 257.0 3799 23.7 —
1958 . . . . . 431.0 134.8 1406 411 40 9 —_ —_ — —_ 122.9 262.6 38s.5 455 —_
1959 . . - . . 460.3 154.8 136.9 41.t 40 9 37 40 — —_ 162.9 295.9 458.8 1.5 _—
1960 . . . . . 491.7 154.'8 132.8 ’ 41.1 40 9 37 40 40 — 162.9 331.8 494.7 —_ 3.0
196 . . . . . $25.3 154.8 128.3 41.1 40 9 37 8o 40 — 202.9 3273 $30.2 _— 49
1962 . . . . . 561.2 154:8 123.5 413 40 9 37 8o 40 33 202.9 377.5. $80.4 -— 19.2
1963 . . . . . 599.8 154:8 118.1 41.1 40 9 37 8o 40 110 2029 427.1 6300 —_ 30.2
1964 . - . . . 641.0 154.8 112.3 41.1 40 9 37 80 40 165 102.9 476.5 679.4 —_ 38.4

® The 4000 kW which the Carena plant supplics to 20ne B have been deducted.

Y1t



(i) The possibility of building a large reservoir, with
‘2 dam 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 lacge capacity).

(iii) The transmission lines to the two most importint
consumer centres would be only about 100 km
loag, and the power could be transmitted
154 oco volts.

Alternative D would provide almost complete coatrol
of the river, but it has the disadvantage that 27 000
hectates of land would be flooded, of which 8 300 are of
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-
mated, which would mean Aooding only 6 400 hectares,
2 300 of which have no agricultucal value (river bed).

The plant would have 165 000 kW installed power and -
‘would be capable of generating Goo million kWh per year.
It would be installed in thece units of-35 000 kW each. -

Allowing for powet nvailabili? from works under con-
+ ruction and from the new hydroelectric plants selected
on the basis of the critetia described above, the situation
in zone A during the period 19531964 will be as shown in
table 42.

It can be seen from table 42 that there will be a deficit
of 52000 kW in 1953, and 75 400 KW in 1954. This
will fail in 1955 to 7900 kW, when onc of the plants
undec construction enters into operation. After that year,
the deficits will be increasingly greater until, in 1962-
1963, the second hydroelectric Elant of the programme begins
operation. This will reduce, but not eliminate the deficit.

able 42 shows the deficit to be 115 0oo kW in 196t and
81 Goo in 1964. To meet this, it would be necessary to
build new generating plants to a total capacity of 120000
KW, so as to allow 2 minimum reserve percentage.

It way decided that the majority of the plants should
be thermal for the following reasons: )

{2) Inan extensive system, such as that in the example,
with much of the output being generated by run-of-the-
tiver power stations, it 1S advisable to maintain an adequate
percentage of thermal plants for security and elasticity of
supply. In 1952, the available power in zone A was
260 000 kW, of which 32 per cent (81000 kW) was
from thermal plants. If only the present plants were main-
tained, in 1964 (the final year of the progtamme) the
thermoelectric availability would be 14.5 per cent (the
came 81000 KW, out of a total anticipated supply of

557 000.) It is true that by that time there would be two

fants with rescrvoirs and that it would not be necessary
fo maintain as high a percentage of thermal plants as in

1952. Nevertheless, the chief storage plant (Rapel) would
not be completed until 1960, and until then the thermal
tant would be necessary, since it would be inadvisable to
teduce the percentage so rapidly. .

If the 120 000 kW deficit in zone A is made up with
thermal units, the proportion of about 30 per cent would
be re-established. If only 80 cco thermal and 40 000 hy-

draulic units are added, the proportion of thermal plants
would be 23.7 per cent. e

(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 120000
kW still lacking must be berought into service very soon,
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in 1956 if ible. This can onl i i
the(m;oeiec;ri??lmt. - only be achieved with 2
¢ urther reason for the urgency is the compl
absence of reserves in the .ystem, wg}:id? is aggmvntcgel:;
the fact that most of the plants have old machinery, many

of them having been in use for nearly so years,

This leads to the conclusion that the installation of at
!m.gt 80 oo kW of thermoelectric power is justified, and
it is estimated that this could reasonably be divided be-
tween two plants of 40000 kW each. The remaining
40 000 kW would be required in 1960, and some of the
hydroelectric plants mentioned above could be considered
for this purpose.t

Finally, the forecasts of the demand for power and
energy and the dates of entry into operation of the plants
!mvc een presented in figures, accompanied by tables show-
ing the demand for gower and energy and yearly avail-
abilities according to the timing of the programme.

The entire clectrical devclopment programme planned
for the region during the pericd 1953-1964, expressed in
terms of winter maximum base load, is presented in table 43.

The study also contains figures which show the develop-
ment ia terms of energy. Finally, there is a figure show-
ing ho_urly winter peak loads, annual consumption and
nv:;xlnblgtiu.

n order to improve the supply to the third geographical
region of the country during 5’16 first years otg th§ griod,
it is proposed to utilize 2 transmission line whic};: will
carty up to soooo kW from the fourth geographical
region.

Technical Appendix on the Engineering of Power
Stations

1. General considerations

Whatever method may be used to project demand, the
first task in the approach to the technical problem of
supply is to cxpress demand in terms of the installed
;'nP:xtgxty éequu:i . fflhchdiﬁer;ncc between required and
xisting demand will show what new i i
has togbe installed. enerating capacty

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
calls for a study of investment and production costs, and
an economic evaluation of these alternatives from various
angles. '

Power stations can be grouped into two general
according to the n:xtumlgresgurccs they tmgnsform q:g:;
electric power. One type is the hydroelectric power station,
which uses the energy provided by the watercourses of the
country or region; the second is the thermoelectric plant
:v!u%: transforms the thermal cnergy of fuels into elec-
ricity. - '

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:

16. Provisionally, and only for programming purposes, these 40,000kW were also

considered to be of thermal origin,


http:purpose.10

() The natural sources of energy available;

(6) The alternative uses of these resources, including
the possible export of fuels; ) _

(¢) The facilities, limitations 2nd technical combina.
tions possible in the use of these sources of energy to
meet the demand in question.

When an over-all enecgy programme has been com-
leted for a country, a large part of these problems will

ve 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 itations

(3) Hydroelectric power

The energy utilized in hydroelectric power stativas 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 cﬁﬂcrcnce 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, sezson, 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

lants depend on the possibility of controlling this flow-

y pondage. _

¢ technical study of a hydroelectric plant 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 watcrcourse;

(ii) Decision on the type of plant to be built and plan-
ning of the civil engineering works;

- (iii) Planning the electrical engincering at the pro-
duction, transmission and final distribution stages.

The very nature of the water resources, de ending as
they do on hydrolopical 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 clectrical 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 vianning of these two aspects of engineering there-
fore implies co-ordination of the characteristics of the
availability of useable energy and the demand for elec-
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tricity. This co-ordination is represented hysically 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 2 “supply” of energy and a "demand” for clec-
tricity. The former is represented by the source of cnergy
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 hydrological characteristics of the water-
course. Since the demand is also variable, according to its
own characteristics. special synchronization problems arise
in hydroelectric plani: which do not occur in thermoelec-
tric ones, where the supply of energy, represented by fuel,
only depends on its procurement.

(b) Storage basins

The presence or absence of storage basins in hydro-
clectric pladts constitutes the basic difference between the
two types into which they were divided above: run-of-the-
tiver 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 2 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 will depend
partly on topographical conditions and the height of the
dam and partly on filtration and cvaporation (geological
and meteorological conditions); its capacit may also be
affected by the accumulation of silt carried down by the
waters. Storage allows better distribution of the water, and
conscquently better utilization for generating electricity.
. The storage cycle is the period between two dates when
it is completely full; the fength of these cycles is very
important in defining the capacity of the plant and other
characteristics. It may be a few hours, a day, 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 lozd which the plant should be
designed to carry is that of minimum flow; on the othet
hand, when there is pondage the minimum load may be
greater than the minimum flow of the watercourse, because
water can be stored.

(¢) Flow control

The difference between power and cnergy  from the
point of view of demand may also be expressed in terms
of hydrological nvailnbilig'.

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 preater.

In the case of daily control (balancing tank) the wates



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

ssibility of control and synchronization with demand
increases, since water can be accumulatsd not only during
the day but during the year from one season to another.
Surplus water during periods of low demand can be re-
tained for the months of peak demand.

This explairs why, in cases where there is control, the
average flow of 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
sirpluses produced during hours oc months when the de-
mand requires & flow less thaa the average.

The above explanations may be summed up thus: given
a2 certain head, the total energy available is proportional
to the average flow and the maximum available power,
which is maximum flov. 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»...ge flow would provide, and less power in
the remsining periods. Studies of hyd-ological 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 demz2nd for electricity. 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-
electric plants, which can work at full power over pe-
riods as desired.

Thé foregoing is very important in the case of net-
works where there is inter-connexion of run-of-the-river

lants and thermal plants, or high-capacity storage plants.
for instance, the run-of-the-tiver plants may be allowed
to take the basic 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, wit* high load factor;
the storage Plants take the rest of e load, with all its
variations, since their surplus water is never lost but
retained to supply peak demand. o

There ate many possible dam designs and their height
will be largely affected by economic considerations. The
greater the height, the greater will be the flooded atea
and also the storage capacity, i.c., the control possibilities
and peak power demands which can be met.

\When the fAooded areas include farm lands, economic
calculations become specially important. The productive
possibilities deriving from a greater availability of elec.
tricity raust then be compared with the drop in farm
production.

(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 ot the turbine.
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Hydrology. Hydraulic energy is ditectly related to the
hydrolonical cycle of the area, and this in turn depends
on solar energy. The latter produces the evaporation of
small quantities of water from the planet, which, pass-
ing 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 high land towards the sea
because of slopes. From the sea, the water evaporates again,
completing the cycle. It is possible to make use of that
patt 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 whore water is
attracted towards specific watercourses—may dep*nd fun-
damentally on snow or rain, which will affect tho 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 as ircigation, hygiene, transport and industry.
In many cases these limitations necessitate the stud{v 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 How
measurement at vacious points of the river and of the
hydrc;graphic basin in general. Information on rainfall o¢
snowfall is equally necessacy. These data, obtained over
a period of years, are tabulated, systematized and plotted
on graphs for analysis according to certain speciarly 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.!s

The following are the functions of the hydrological
service: :

(i) Installation of limnometers and limnographs, rain

uges and recorders, snow tecorders, 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) Reccption and systematization of readings.

(v) Preparation of statistics of average daily and
monthly fows.

(vi) Preparation of seasonal rating graphs for flows
and other data,

(vii) Study 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 tust 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 diring a given month; and
that which refers to the probability of a given flow at any time of the year.



Geology. This affects several factors: base for founda-
tions; permeability of the soil (filtration losscs); possi-
bility of using earth dams, suitability for tunneling, etc.

Meteorology. This naturally affects the hydrological cycle
(precipitation, flow cycle, evaporation). It is also connected
with the construction and operating problems of the power
station, which must be considered in the work schedule.

(e) Civil engineering in hydroeleciric power stations

The fundamental aspects of a hydroelectric plant so far
18 civil engineering is concerned are as follows:

Catchment area. As the name indicates, this covers the
works required for the retention of the waters to be used,
50 as to convey them to the site of the plant.

Sand and gravel removal. These works are often neces-
sary to avoid the possibility of sand or gravel enterin
and damaging the turbines. Their inclusion in the wor
programme depends on local circumstances.

onduits. These convey the water from the catchment
area to the point of drop. They may be canals, flumes,
pressure tunnels, etc.; siphons or other civil engineering
works are sometimes necessary, all of which must be
specified in the project. A problem of technical alterna-
tives with considerable economic implications arises in
connexion with the study ~f conduits. The object is to con-
vey water from some point of the river, by means of
conduits—canals, tunnels, etc.—whose gradient is less than
that of the natural river-bed, so that differences in height
are obtained between the level of the conduits and that
of the river into which the water will be discharged after
use, It has already been explained that the available energy
depends on both the flow and the head of the water. The
study on conduits takes this latter factor into account,
and the decisions are reached by comparing the cost of the
alternative methods with the amount of energy gained or
lost with the different heights obtained according to the
various alternatives. Other natural conditions play an im-
rtant part. For instance, in order to obtain a given
eight, 2 canal may be very long compared to a possible
tunnel, but the cost per metre of tunnel may be much
grenter and may depend very largely on geological con-
itions.

Bdlancing tank. When it is desired to control daily the
water passing through the turbines and to ensure the vol-
ume required for the daily peak load period, balancing
tanks are built to provide pondage for possible variations
in the flow and demand during the day. Their inclusion
or omission will depend on hydrographical and topogra-
phical conditions and on the type of plant. They will be
uanecessary in the case of stciage plants.

Surge tank. This also stores water, but on a smaller
scale, to regulate the intake into the delivery piping; it is
always installed. At times surge columns, which perform
the same function, are drilled in the rocks.

Delivery piping. These are the pipes through which the
water falls into the turbines. They may be of steel,
reinforced concrete or concrete, and they lead from the
surge tank to the power house. The difference in level
between the two ends of the delivery piping provides
the head or power drop of the water.

Power house. This is the building where the actual gener-
ating equipment is installed, the most important being the
turbo-generators (combinations of one turbine and one
generator). The turbines are normally of one of three
types: Pelton or impulse wheel, suitable for large heads;
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Francis or reaction wheel, for medium heads; and Kaplan
or propeller wheel, for fow heads.

The generators are coupled direct to the turbine shaft.
Their specifications appear under clectrical engineering,
since they depend on the characteristics of demand. The
turbine specifications are a civil enginecring matter and
depend essentially on local hydrological and natural con-
ditions in general, which determine the possibilities of
reservoirs, heads, etc.

Tail race. This is the discharge of water from the
turbines after use.

Other works. The specific conditions of any plant may
require further works, which will vary in each case.

(£) Electrical engineering of projects

A distinction should be made between the aspects
mentioned below, which will normaliy be the same for
both thermal and hydraulic plants.

1. Production, divided -into:

Generating. This is the installation’ of the generator,
whose characteristics will depend on demand.

Switchboards. Control and instrument panels.

Switchgear. Includes costly elements, since it must be
capable of breaking on-load circuits carrying considerable
energy.

Protection. Lightning conductors, etc,

Auxiliary services. Batteries, pumps, local lighting, etc.,
for the power station.

Transformers for raising the voitage gencrated to that
which will be carried over the transmission lines,

II. Transmission, consisting of the following:

Pylg:s, to carry the cables.

Conductors and insulators.

Substations. Transformers, switchgear and controls.

Voltage regulation and power factor correction equip-
ment (condensers, transformers, boosters, etc.).

II1, Distribution:

Substations

Distribution grids.

3. Thermoelectric plants

In these plants, thermal energy is obtained from vari-
ous fuels. Until recently there were two general types:
those where the motive power was a steam engine (gen-
erally turbine) and those with an internal combustion
engine (diesel or other). .

rogress in the utilization of atomic enetgy now heralds
another type using nuclear fuel. A technical revolution
is in progress, the outcome of which cannot be predicted
and whose characteristics cannot yet be described, even
broadly, in this Manual. The following explanations refer
only to the two conventional tyrcs of thermoelectric plants.

From the point of view ot generating electric power
for public service networks, steam power stations are the
most imgort:mt. Dicsel plants are used only in special
cases and generally supply specific services, such as iso-
lated mines or small townships distant from the more
important networks, where transport is a fundamental
groblcm and where hydroelectric possibilities do not exist.

reight is also an important item in thermoelectric plants.

The technical elements of the study—the instaflntion
and operation of a thermoelectric plant—are usually less
complicated than for a hydroelectric plant. On the other
hand, the equipment of a thermal plant is more complex.



Individual coasideration of a thermal plant does not

uire 3 areful study of the hydrological, geographical
and topographical featuves mentioned earlier.}d It may be
installed more quickly, which is an advantage in urgent
cases.

The total cost of invzsiment, transmission aad distribu-
tion per kW installe:,, -5 umally lower for thermal than
for hydraulic plants, :tiough favourable local conditions
may reverse this. The foreign exchange component of the
investment per kW is often higher for thermoelectric
plants since the equipment is more complex. This point
will be dealt with in more detail when investment is
discussed.

A fl;ndamentnl e&:ionomic and technicalf g_rol;lcm li1n this

of plant is efficiency in the use of fucls, which is
gpésmefin terms of calocies per kilowatt-hour generated.
The equivalent amount of ¢ kWh varies in rejation
to this eficiency and the quality-of the fuel.’s The effi-
ciency of each project must be cstimated on the basis of
sound background duta; in general efficiency will be higher
with better quality equipment, which meaas 2 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 higher efficiency.
This also depends to a great degree on relationship
between the annual production of energy (XWh per year)
and the total rated capacity, i.e, the plact factor.

From this aspect local conditions determine the optimum
points, which should also be considered in the light of
their cffects on the balance of payments. Spaces and main-
tenance costs will generaily 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 cquip-
rment.

4. [merconnexions

The economic and technical conditions which determine
the availability of energy in each case raise the problem
mentioned earlier of sceking 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 eithes thermal or hydraulic.
In other words, there will be optimum combinations as
tegacds the utilization -of either typezand there will also
be optimum_utilization as regards the combined use of
both types. Flexibility in the use and control of electric

wer and the possibilities of interconnecting plants open
a wide field for technico-economic analysis.

The desired solution is one where the base load is
carried by a high-ctiiciency plant, which operates with a
high load factor, while the additional ‘ilowcr to meet peak
loads is supplicd by other plants which operate only part
of the time. In general, the aewer or more efficient in-

. stallations car
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the base load, since they work contin-
uously; less efficienc plants, or those with high operating
costs, 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 How is sacrificed, leaving the pesk loads to be cacried
by low-efficiency thermal plants. Coaversely, 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
chasracteristics 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 3 way which will lead to the greatest effi-
ciency in the operation of the system.

The advantages of interconnexion ace clearly 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. gimilu plants
may have been installed by industries in order to supply
their power nceds from their own resources during the
carly stages of industrialization, but it must be pointed out
that 2 number of small plants is always less efficient than
one plant with equivalent power. When large power
stations are installed, the oldeg plants can often be utilized
by connecting them to the common grid and using them
only to meet the peak loads. In this case, the new in-
stallations 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 peoduced 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 requite sector programmes to be drawn up to satisfy
electrical demand, 1If maximum utilization of each plant
is to be achieved.

Finally, the possibilities of interconnexion are nct lim-
ited by national frontiers and may be international in
scope. These passibilitics have been bome out by expe-
rience in Eutope but have not yet been tried out in Latin
America.

14, 1In 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 electricity have led to a considerahle improvement

in efficiency.

In the United States, fuel consumption per kWwh (in kg

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
increased more than during the previous ten years.

Larger units have

also influenced efficiers7, and so has the use of higher steam temperatures

and pressures,
decreasing efficiency.
affect efficiency.

These latter, however, appear to have reached a stage of
Finally, the qualicy of the fuel used will also
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Influeace Of The Change Of Fual
And Of The Source Of Raw Matarials
On Praduction Costs And Steel
Quality In An Iron And Steel Mill

This case (Case 21) was taken from the Manual

On Econemic Devel

nt Projects, United Nations

Publication E/CN. 26/Add.1/Rev.1
TAA/LAT/12/Rev.1

Case 21

INFLUBNCE 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 is taken from studies for the expansion of an
iron and steel mill and shows the possible effects of tech-
nical changes on the evaluation of a project. It deals in 2

eral way with the expansion of the production of a mill
rom 300 oco to §60 coo tons ywllz. bearing in mind a
probable fusther expansion to 1 million tons. In addition
to the acrual plant expansion, the grp;ect also anticipates
a change ia tge source of fuel and iron ore in order to
improve output quality and decrease production costs.
of these changes is a project in itself, which, although
related to the othier studies, may be approached aad pre-

sented separately.
It is pmpom}:'l to replace the domestic fuel at present
used by natural gas, domestic. There is a projecz to

begin working a new mine, owned by the enterprnise, which
would supply ore to replace that from the present sup-
plier. The examples given below refer to_these two
supplementary_projects and show the influence” that tech-
nical changes may have on a project.

1. Change of fudl

The conversion process in the steel plant was com-
plicated by the high sulphur content of the fuel oil
(average 4 per cent) to the point where it became neces.
sary far 2 time to import fuel.

After many tests, it was found possible to beg'a the
coaversion process by using a low-calory light oil to melt
the charge in the open hearth furnace and afterwards to
use the higher-calory, high sulphur oil. In this way a steel
of satisfactory quality could be made, although with a foss
gf output,h which Tomt lower tonnage per hour from

¢ open hearth, a lower proportion of ingots per char,
and heavier wear on the gefrg:toria 8% pet rge

The use of low-sulphur fuel would increase th: output
from the same furnaces by 5 to 10 per cent of better
quality steel, which in itself would be a considerable
advantage. In the case presented to justify the ptoject,
however, no attempt was made to weigh this advanta
since the other factors were sufficient to prove its ments.
The change of fuel, which could be achieved by means
of 3 248-mile gas pipeline between the matural gas wells
and the plant, implied sufficient savings to justify the
mvestment.

At the projected expanded output rate, blast furnace
could be use to generate electric power, and 16.25 million
cubic feet of natural gas would also be cequired daily.
Fuel-ail at prescat costs the enterprise- 3oj(ejollar) cents
per million BTU at the plant, whereas natural gas would



cost only half of this. Hence, at an annusl production
rate of s60 coo toas of steel,savings would amount to
800 000 doilacs. Available technical data show that gus
lresma should meet the steel plant’s needs for 20 years at
cast.

The gas pipe-line would be the pro of the steel
plant and d cost 3 560 ocoo dollars, of which 2 507 500
would be for the of imported pi valves, etc,
while the remain wouidbetheez:’ t of expeases
in local currency. Without pumps, line could supply
the 16 millioa cubic feet required daily for the projected
production, including the transformation of 560 oco toas
of steel ingots into fnished products. .

It would be possible later to instal two pumping sta-
tions, which would increase the line’s capacity to 32
million cubic feet daily, sufficient to produce t million toas
of steel rdP« year.

In ocder to determine the natural gas irements and
the extent of the savings, the technical study presented a
series of thermal balance sheets for viryitg annual steel
production. Table 57 gives examples for outputs of 560 cco
and r million tons of steel per year.

a. Change of ore

The incresse in steel production could be obtained
using the present ore, but the technical and economic
advaatages of opening 2 new deposit led to the inclusion
of the project within the expansion programme.

The ore at present used a high iron contzat and
little sulphur, and ca be obtained at reasonzble prices.
If, however, it is used to provide the entire ferruy
charge of the furnace, the resulting p%mimn contains
approximately r.x5 per cent phosphorus. This is 2 medium
luaﬁty product, with 2 phosphorus content too high for

e satisfactory operation of an open hearth (Siemens
Martin) and to low to use in a basic convertee (Thomas),
The enterprise has to use a maximum of 80 per cent of
this ore, completing the charge with a phosphorus-free
ore from smail mines which does not guarantee a cone
tinuous supply.

The uncertainty of achieving a
output of the large number of

lel increase in the
mines producing low-
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g_l‘x,osphom ore constitutes an-obstacle to the expansion plan.
e new-Trities' proposed in the. project- solve-the-problem
satisfactorily since they enable pig iron of 0.23 per cent
phosphorus to be obtained as compared with the o.70 per
cent resulting from the 8o per ceat high-phosphorus and
20 per cent low-phosphorus mixture. The cost of the ore
would be approximately the same as for that used at pre-
sent, 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
open-heasth charpe, and with six furnaces working this
means an annual saving of 4160 hours of open-hearth

on.

A most cautious estimate would give an average of 10
toas of steel ingot per hour of open-hearth operation.

The direct savings resulting from the use of the new
ote are estimated as follows:

Deollars

(a) Savfn; of one hour of heat per charge of
steel (4150 hours annually) at 28 dpllaes
PeE OB ..iiiiiiiiiiiiiiiintinetienas 136 300

{b) During thesa 4160 hours, 2n output in-
crease of 10 tons per hour may be estimsted,
which gives 2n annual peoduction increase of
41 600 tons; with 70 per cent efficiency, an
additional 29 200 tons of steel would be
cbtained. The profit on this production
would be the differerce between the direct
production costs aad the nect selling value,
since all ovethead would be covered by pre.
sent production, If the difference is taken at
48 dollars per ton, this weuld give an anauai
SaVING Of (.ot vvinnvneraoerrannnrasornas £ 400 000

Total 1516000

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 ire a railway to
be constructed, which must be char%ed to the project. The
total investment for the purchase of properties, equipping
the mine and constructing the railway would be 8 113 200
dollacs, of which 3 214 coo represents expenses in local
cucrency.

Table 57

CASE 21. SUMMARY OF HuAT BALANCE
(Millions of BTU per day)

Heat required

I. For ditect production. . . . . . . . .
II. To generate electric energy. . . . . .
111, To produce steam for blowing the blast

IV. To produce steam for other operations .

V. Total heat requiced. . . . . . . . .

V1. Total available from blast fumace gases
VIL. Thermal requirements obtained from nat-

fgas. . . . . ... .....
alent in cubic feet of category VII
TU). . . .

uea
VIII. Equiv
gas (1t cubic foot = 936 B

Annuel uction capaci
in lk':‘:dl of lg::m’

360 1 000
1272 12 840
90.2 16 250
2948 4 6oo
24900 3 300
27120 49490

12 000 19 100
15320 29 190

16 290 000 32 900 000
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Size And Location In A Project
For A Baet-Sugar Mill

This case (Case 25) was taken from the

Manusal On Economic Development Projects

United Nations Publication ’
E/CN.12/426/Add.1/Rev.1

Case a3
SIZE AND LOCATION IN A PROJECT FOR A BEET-SUGAR MILL

1. Approach

This is a cse of an industry which must be located
close to its basic raw material, the sugar beet, which is not
economically transportable over long distances.

The problem was approached by sclecting a bect-grow-
ing area for the installation of the fiest plant. Agricu?hml
rescarch on the crop in various parts of the country, in-
dicating Tgosxible beet-growing areas, was taken into ac-
count. The first task vas 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 extent
of the sugar beet crop in the district would also decide the
capacity to be installed.

To determine the size, maximum and minimum limits
were established, based on European experience, which is
that a daily capacity of 500 tons is small, whilst 2 c00
tons is large. The maximum size is fixed by supply con-
ditions; the industry works only during the zanmt period
(some 100 days each year). :

The investment was not proportionate to the size.
Equipment for 2 plant of 8oo toas daily cost 2.7 million
dollars, and for 1 600 tons, 3.5 millions. These data con-
fitmed the need for installing the largest possible plant
compatible with the supply conditions. It was concluded
that a plant for 8oo tons daily, designed with 2 view to
doubling its output later, was the most suitable in view of
expected supply conditions. It was hoped to reach the 800
tons output during the third year of operation. An industry

. producing less thin 8co tons daily would cost very little
ess in equipment, and almost the same in installation
costs; general production costs would be almost equal, so
that the net retutn would be vc?' much fess. The 8oo-ton
plant in normal operation—at full capacity—would give
10-per-cent net return, increasing to 18 per cent when the
size was doubled.

TAA/LAT/12/Rev.1

2, Selection of beet-growing area

The selection of the beet-growing acea was based on the
following considerations:

(a) Sufficient flat, irrigated land to supply s plant
twice the size of that projected, if the whole area were
used for rotated crops. The selected area covers 28 0co
imrigated hectares; the total irrigated surface in the pro-
vince, that is, the selected area and adjoining land, is some
70 000 hectares, to which irrigation works at present in
progress will add another 20000. The proviace would
therefore have a flat, irrigated area of 9o 0co hectares. Foc
an annual production of 80 000 tons of sugar-beet, with an
average yield of 30 tons per hectare—an estimate based oa
5 years' experiments—2 6oo hectares of bect winid have
to be sown, which, with a rotation of 1 in 5, would require
a total available area of 13 coo i;:igated hettares,

If the size of the plant were doubled, § 200 hectares of
beet would be required, and 26 coo hectares of land. Since
there are 70 000 hectares in the province suitable for the
crop (a figure which would later rise to 90 600), it was
seen that even with longer rotation periods, and some
sectors not growing beet, there would be 2 sufficient sax'ez
margin to supply a plant twice the size of that projecte
In other words, the selected size was compatible with the
available natural resources within the factory's zone of
influence, and the real problem was to introduce the crop
on an industrial scale. This aspect formed au agricultural
project, parallel with the industrial one. '

(5) Mechanization would be no problem in these flat
lands; in this respect, they had an advantage over more
hilly teeritory.

(¢) 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
this reason, the factory was to be sited so as to utilize
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.



d) The agricultural yield was greater in the selected
disgrict during the expen):'nentnl stage.

(¢) Beet-growing must always be close to livestock
farms, and it is preciscly this combination which gives 2
better agricul production. In the selected area, dairy
farming is well-developed. Three glanu already engaged
in dairy production output woul
market for the increase icmilk o

(f) Agricultural studies in the 2rea showed that it
would be possible to obtain labour. The mechanization
of wheat-growing, aad other types of crop-farming in-
cluded in the panllel agricultural prof'cct, would free a
large proportion of workers, who would be availsbie for
the intensive cultivaﬁgt:b of beet. Ft;‘:themiore, the bezt-

ing operations whi tire 2 heavy labour inputes

inning and harvest—ate grqried out at times of thg yese

when 31: manpower needs of other farm sectors are
lowest.

(g) There is no market problem. In the proposed
location, the plant will be close to large purchasing centres;
this will also reduce freight costs.

Table 60

CASE 23. COMPARISON OF LOCATIONS
FOR A BEET-SUGAR MILL

Lecation A Location B
Fresh water . . . . . . . -— X
Residual water, . . . ., . X —
Labour. . — X
Housing. . .. ... .. - X
Roads. . . . ., ... .. — X
Lid. . ., ,...... X -—
Electrical connexion. . . . — X
Administrative facilities. . — X
Railway situation. . . . . X -—

form an immediate -

123

uusb) Other important raw materials are coal, limestone
coke. The largest coal mines in the country are close
to the p location; coke and limestone will be
rom an iron and steel plant in the same area,
which gives further advantages over other locations.

(#) Comparing transport conditions with other possible
aress, the sclected district is again the most favourable,
since it is. more ¢ and has an acceptable road net-
work which will not be expensive to maintain,

3. Siting

Having selected the beet-growing area, the precise site
was discussed. The problem was finally reduced to two
alternatives, linked to the only railway in the area. These
two possibilities were first com am{ for the following
goinu: fresh water, disposal of residual water, labour,

ousing, roads, land, electrical and rail connexions, and
administrative_facilities. None of these factors presented
EJb&antial differences, so no attempt was made to quantify

em.

Oace the various factors had been analysed, Table 6o
showing the more favourable location for each was pre-

, Since there was no great difference, it was assumed
that they all carried the same weight, so new factors were
added, which gave location B six advantages,

The freight problem was examined next, including all
froducts brought into or sent out of the plant. Incoming
teights gave the following figures, expressed in mone-
tary units per ton of beet:

Location A Location B
Sugar beet ........... 41.80 31.50
er materials ....... 22.44 23.40
Total ............ 63.24 54.90

The difference in favour of B represents a reduction of
o.§ per cent in total s)roduction costs. Outgoing freights
pmd’e;xced no a]?redab e difference between the two loca-
tions, although B again had a very slight advantage. Finally,
?It expaasion factor was considered, and the areas where
ncreased beet production was Aalmned to supply the plant
once more favoured location B.



CASE 10.

Iran:

Dez Multipurpose Project

(This case illustrates problems in choosing sources of energy)

From: Economic Development Projects and Their
Appraisal by John A. King Jr., Johns

Hopkins University Press, Baltimo 1967
reproduced by per);nission’ e ©

Early ‘n 1960 the World Bank lent iran US$42 million equivalent to help
finance a nwltipurpose project—ior power, flood control, and agricultural develop-
ment—in southwestern Iran. The project as originally proposed raised a number
of difficult [roblems and was considerably medified before the Bank made its loan.

In Septeraber, 1957, the lranian government first asked the Bank to help finance
a pronosed 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 in 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 $100 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 fzrming, landlord-peasant relationships, agricultural credit,
and the organization of agriculture generally. In view of the size of the investment,
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the problems presented, and the time likely to be required in making these changes,
the Bank suggested that alternative investments might be considered. Even assum-
ing that the necessary changes coulii 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
vnused at the nearby oil fields. The Bank, therefore, retained consultants to study
the alternatives for supplying 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,
whick 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, excluding interest during construction, was roughly estimated
as shown ia Table 10.1.

In 1960 the largest producsr and consumer of electric power in the area was
the consortium of oil companies operating the exploration, production, and refining

Table 10.1 1959 E:limte of Costs of Dez Multipurpose Project

(million USS)
Completion of full scheme
Pilot stage (up 1o 1966) (1967-74)
Foreign Local Foreign Local
currency currency Total currency currency Total
Dam and others works common to
all purposes 14.4 19.6 134.0 - - -
Power facilities of authority 21.2 9.4 30.6 7.9 1.2 9.1
Irrigation facilitics:
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 systems® 4.0 - 4.0 - - ' -

s The Sugar Cane Company project had been started as a project distinct {rom the pilot scheme,
but it would draw water and receive farmer-grown cane from the fuil scheme.

® Contribution 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 agrecment
with the government, the gas to fire this plant was free. The governmeat was plan-
ning to buy power from the consortium to supply Ahwaz until Dez power became
available, and the mission recommended that the comsortium 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 them, it relied heavily on the report of
the consultants cngaged 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 neec, 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 tu operate
the reservoir in the early stages of the project to meet the requiremen's of flood
control and electric power in that order; but in later stages both flood ¢.ontrol and
irrigation, if the latter proved successful, were to have priority over e)zctric power.
In the light of the demand forecasts, this system of priorities meant that thermai
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 onc-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 dificrent
results, but accepted this allocation as reasonable. It also pointed out that because
the cost of the dam was a relatively small part of the total investment in the schem¢.
a somewhat different allocation would not have significantly changed the mission’
conclusions.

126



IRAN: DEZ MULTIPURPOSE PROJECT

The genzral concept of the alternative. The Bank's consultants had determined
the capacity and layout of the thermal alternative in such a maaner that it would,
during 1963-83, supply the same peak demand and consumption as forecast for
the proposed Dez scheme. They concluded that technically and economically the
most advantageous way to meet this objective would be to build a thermal plant
at Ahwaz, supplied by natural gas from the nearest oil fields northeast of Ahwaz,
or, possibly, fror a gas field recently discovered just 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
meet the same-loads in the same locations, with the same criteria regarding re-
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
plant, because their initial load was expected to be very small. Both possibilities
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
naximum 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
same assumptions were made as for the hydro scheme regarding interconnection,
the standby agreement with the consortium, and necessary reserve 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 and 800° 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 arca of Shushtar, Dezful and Andimeshk.

The fuel. The consultants concluded that fuel supplies were ample, They ex-
pected that the fuel for the thermal plant at Ahwaz would be natural gas from
the oil fields v iich were already in productior. 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 cubic-feet per barrel of oil. Some 260 iillion cubic feet per day
of this gas were then being wasted from the fields of Naft Safid, Haft Kel and Agha
Jari alone, enough to fuel a thermal plant of 1,100 MW. When the adjoining field
of Gach Saran began producing in 1962, even more gas, which would otherwise
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 ficlds were expected to
produce at least at the present rates for another twenty to thirty years or so. In
addition, each of these oil fields had a huge gas cap above the oil deposit .which
would become available for use after depletion of the oil reserve. Finally, a well

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.
The consultants estimated that the needs of the thermal alternative scheme
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Table 10.2 Dez: Peak Loads, Sales, Installed Capacity and Estimated Costs of Thermal Alternative, 1959-84

(million Rls)
To;,al
ai
years 5960 1961 1962 1963 1964 1983 1966 1967 1958 1969 1970 Il
Peak load in MW 49 52 36 96 103 110 118 526
Saks in million kwh 218 228 246 394 422 451 483 316 333
Required generating capaclly in MW 52 3 9 95 101 109 116 128 133
| lled gencrating capacity in MW
Number and size of units Ix60 Ix60 1x60
Total in MW ) &@ ] 120 120 120 180 190 180
Excess capability in MW -] s i 25 19 n [ 53 47
Costs al year of operatione
Gencrating plant® 3,357 602 ss1 3si -
Transmission plante 210 173 - - 1§
Gas supply system .17 158 36 168 -
Tolol 4,634 963 50 n9 "”
Expenditures by year 4,634 132 333 498 94 237 256 9% an hl ] - - 17
Opcrating costs 46 46 46 E 1] L] 51 [1] 6l 6l
1972 1913 1974 1973 1976 977 1978 19719 1980 1981 1982 1983 1984
Peak load in MW 135 143 155 163 177 189 203 217 232 243 266 284 304
Salkes in million kwh . 391 613 677 128 778 830 [0 950 1.016 1,087 1164 1,248 1,12
guired g i pacity in MW 143 153 164 174 127 199 214 245 262 b1 X0 k7]
Inetalled ing capacity in MW
Number and size of units 1 x 60 - 1x60 I x 60
Total in MW 1. 180 180 240 2480 240 240 240 300 300 360 360
Excess capabilily in MW 37 27 16 33 41 26 1 ss 9 0 »
Costs at year of opcrations
Generating plant® st 551 331
Tranunissuon plame - - 20
Gas supply system 158 288 am
Totat 09 89 830
Expenditures by year 9 23 n - - %4 7 508 94 23 19 - -
Ogpurating costs 6t 61 1} 3 73 5 k2 s 93 93 9 (1} mn

¢ Faclusive lnieoust duting cansisiction.
S frm tudes ubatanan at plans,

¢ Includes transmission focilitics as far a9 11-kv side of subsiation.
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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 consuitants 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 ncw gas field near Ahwaz.

Estiraated wo-*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 consuitants 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 erection 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,
which was comparable to the allowance made in the estimates for the hydro
§' /em,

The mission pointed out that these estimates resulted in a total cost per KW
nstalled which was very close to that of a new thermal power station at Karachi,
recently financed by the 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 requircments 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 weilhead, 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 froir 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 cquipment 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 (sec 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 sct.ame 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 cither alternative.

¢) 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 o below), that extending the cal-
culations beyond thirty vears would make less of a difference in the final
results than the likely 11argin of error in the initial assumptions.

d) The rate of interest chosen for the present worth calculations was 8 percent.
This figure was believed 1o 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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Tuble 10.3 Dee; Compurizon of Hlydro and Thermal Syatems

(million Rls)
Jantl
years prior 1960 1961 1962 1963 1964 1963 1946 1967 1968 1569 1970 971 972
PRESENT WORTH FACTNR - 5
(872 basis from 1959) 1.00 .93 .86 .9 .73 .68 .63 .58 ) .50 46 .43 . 40 37
INVESTMENTS®
By 4609 o9 7 180 30 10 o 16 166 6
Ixpendituies year T o [\ o
le!:cm wor X S 3.286 69) 638 903 419 102 [2] 20 83 b1 )
Thesnul sysicne
Expenditures year by year 4,684 132 313 498 94 by 236 94 23 - 17 4
Prescot worth 2,14 123 286 393 (%] 161 161 35 128 194 ~ 7 38
OPIRATING CUSTS
dvdio system
Expendituscs year by year 984 23 23 23 2) 23 2) 26 26 26 26
Present wonth 29 n 16 14 13 12 n 12 (1} 10 10
Erpmeliies yeit by yeae 2.421 % 4% 6 N N N & & & e
el '
Prsns oo Moo N oa et a2 e D
PRESENT VALUE OF OUTLAYS ~ NYLRO  THERMAL
Investment 3. 2,144
Opcration 24 6u0
Total 3.5) 2,44
= 1973 1974 1975 1976 1977 1978 9 1900 1981 982 1983 1984 1985 cccccco . 1993
PRLSINT WURTH FACTOR ;
(82; basis frum 1959) 34 31 2 21 .23 .23 .21 .20 .18 47 16 18 Mieeeeees. 00
INVESTMLNTS®
Hydro system®. o
Expenditures year by year 91 91 176 264 264 43 (1} 68
Presct worth 1 28 44 63 35 [ } 1] 18
Thermal sysiene 5
Expenditurcs year by year 23 378 94 23 308 %4 20 S19
Picsent worth a "7 23 54 107 19 43 8
OF RATING CUSTS
i) o 6 926 0. 3 0 o W sl et oW o
apenditurcs year by year ) <. 40 per year . . .
Pn.!xm Hllﬂll’ 9 8 9 ] 7 7 ) 7 [ 6 6 6 Total 1985/93 = 36
Thermaul systend
Expeinditurcs yeags by year 61 61 3 75 75 . 73 73 93 93 93 111} 111 «so i} Feoeo
Picsent worth 21 19 22 20 19 (¥) 16 19 1 16 (1] 17 Toual § 3 = |01

& Exclusi 1 &

* ncludes allocation of one-third cost of high dam.

¢ Includes transmission facilitics as €ar as 11 kv side of substations.
4 Assuming 80 cost at welthead for gas iranmmitied (0 Ahwaz.
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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 (seec 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)

b)

c)

During the first few years, the capital plus 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 gencrating equipment. :

The present worth of the capital expenditures plus opsrating 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 h)dro 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.

The third question, whether it would not be more cconomical 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 nccessary to estimate also the
changes in the tutal 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 the; doubts raised by these comparisons as to the cconomic justifica-
tion of the project for power gencration, 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 a
pilot project only. A number of factors were responsible for the decision to lend
‘or the project including the hydro power plant. These included a recognition that
changes in the assumptions made in calculating the comparison of the hydro and
thermal 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 much
to choose between the hydro and thermal alternatives (see ¢ 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 about
$15 million in the dam and generating equipment.
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