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2, UNIDO to obtain a 1ist of each of the plants of the types

3.

4.

shown in the sample matrix completed since 1960 in each

of the countries selected.

From these lists UNIDO to select randomly the individual
plants to be surveyed. The numbers and locations of the
plants to be as shown in Exhibit 1.

UNIDO to send a questionnaire to the UN office in each
country so that this office can ensure that the questionnaire
is completed by the person most qualified to do so and

returned to UNIDO.



Exhibit 1

MATRIX FOR SAMPLE SURVEY

Classifications of Countries from
which sample 1s to be drawn (Number
in matrix indicates number of plants

Itpe of Plant $0 be surveyed)
1 1L 111 ¥ JOTAL

Blectric Power Plant 4 4 4 4 16
Cement Plant 4 4 ) 4 16
Petroleum Refinery 4 4 4 ) 16
Cotton Textile Mill 4 4 4 12
Ammonia-Based Fertilizer Plant 4 4 s
Iron and Steel Mill 4 4 s
Motor Vehicle Assembly Plant 4 4 8
Tire Plant 4 4 ('}
Caustic-Chlorine Plant 4 4
Petrochemicals Plant 4 )
Machine Tool Plant 4 — — — )

TOTALS & 32 16 12 104

Bach sample of four plants should be drawn from geographical areas as

follows:
Southern &
Latin America West Southeastern
$ VWast Indies  Africa  Asia —Asis
Class 1 2 - - 2
11 2 1 - 1
111 1 1 1 1
Iv 1 1 1 1
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Exhibit 2

DESCRIPTION OF PLANTS TO BE SURVEYED

Electric power plant

Thermal electric power plants fueled by coal, fuel oil, or natural gas.
Does not include electric transmission and distribution systems,

Cement plant
A cement-making plant using either wet or dry process.

Petroleum refinery

A refinery starting with crude oil and producing three or more grades
of products, typically motor gasoline, kerosene, and several grades of
fuel oil. Always includes crude distillation unit, and might include
reform%ng and cracking.

Cotton textile mill

A mill starting with raw cotton and producing at least grey cloth as a
product. Typically includes blender-feeders, pickers, cards, draw frames,
combs, spindles, and looms. Might include finishing operations.

Ammonia-based fertilizer plant

A plant producing ammonia from naphtha, natural gas, refinery gas, or coal.
Might include an adjacent plant manufacturing another fertilizer, such as
ammonium nitrate or urea.

Iron and steel mill

A mill producing pig iron and ingot steel starting with iron ore. Might
include further processing equipment, such as a rolling mill.

Motor vehicle assembly plant

A plant in which motor vehicles are completely assembled, either from
"Complete Knocked Down" kits or a combination of imported and domestic-
made parts.

Tire plant
A plant in which rubber is made into tires. Often includes tube manufacture.

Caustic-chlorine plant

A plant in which caustic soda and chlorine are made from salt.

Petrochemicals plant

A plant in which a petrochemical such as vinyl chloride monomer, ethylene,
styrene, polyvinyl chloride, polyethylene, or polystyrene is made.

Machine tool plant

A plant in which basic machine tools are made, such as lathes, milling
machines, and drill presses. '




Exhibit 3

CLASSIFICATION OF DEVELOPING COUNTRIES
Note: This basic classification of countries rests upon
economy of scale in the production process relative to
effective domestic demand, which in turn is determined by
a combination of population and per capita income.
Developing countries with the greatest variety of types of
industrial plants. These countries typically have either
very large populations o populations in excess of 20 million
and per capita incomes in excess of $200. Examples are India
and Mexico.
Developing countries with a great variety of industries
including such items as a motor vehicle assembly plant, but
lacking in effective demand to support such industries as
petrochemicals and machine tools. These countries typically
have populations in excess of 10 or 20 million with per capita
incomes in excess of $100 or $200. Examples are Peru and
United Arab Republic.
Developing countries with a few major industries, such as
cotton textiles, but lacking major plants for making iron
and steel, tires, and for assembling motor vehicles. These
countries typically have populations in excess of 10 or 20

million but have a per capita income less than $100 or $150,

or have smaller populations but per capita incomes greater

than $100 or $150. Examples are Nigeria and Uruguay.
Developing countries that have very few major industries.

Typical examples of the few large-scale industrial facilities




Exhibit 3 (continued)

in these countries are power plants, cement plants, and
petroleum refineries. These countries typically have
populations less than 10-20 million and in some cases less
than 1 million. Per capita 1ncomes.often are less than $100

but sometimes exceed this amount severalfold. Examples are

Afghanistan, Costa Rica, and Jordan.
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Exhibit 4

. DESCRIPTION OF GEOGRAPHIC AREAS

The geographic areas are defined in accordance with the
principles used in the United Nations, World Economic Survey, 1966

(pp. 111, 163, 166, and 168), and are as follows:

n Amerjca and West Indies = The Western Hemisphere countries

except United States and Canada.

Africa = Continental Africa, excluding

South Africa.

West Asia = Asian Countries normally considered
. to be part of the "Middle East,"
including Aden, Bahrain, Iran,
Iraq, Jordan, Kuwait, Lebanon,

Qatar, Saudi Arabia, and Syria.

Southern & Southeastern Asia = All of Asia excluding the West

Asian countries.
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111, THE QUESTIONNAIRE

The purpose of this study is to obtain information about, and
insight into, the problems encountered in implementing industrial projects
in developing countries, with primary emphasis on those problems that
cause delays.

The Implementation Phase

The implementation phase is taken to be the work starting with
detailed project planning and design, through construction and start up,
to the time when the project i1s functioning in a satisfactory manner at,
or near, its rated capacity. Thus, the decision to invest is assumed
to have been made; the product, general process, scale, market, financing
method, and general location have been decided upon. Government approval
is assumed, at least in principle, and the investment funds, including
foreign exchange, are assumed to be allocated and available. At this
point implementation begins., It includes site selection, detailed de-
sign of the project to accomodate it to the site and to final engineering
changes, bidding, contracting and procurement, construction, production
start-up, and build-up to capacity.

Analysis of Delays

Project delay is defined to mean falling behind schedule 25%
or more of the planned time of achievement for any major activity of
the project., The measure of 25% is intuitive., It contains a 10% allow-
ance for inaccuracy in scheduling (on the general observation that it
is frequently difficult to schedule construction activities more accu-

rately than + 10% in developing countries) and a 15% time-loss for




assignable causes of delay, It is important, however, that this dis-
tinction of causes within the 25% not be known to the users of this
questionnaire, lest they attempt to distinguish assignﬁble causes from
scheduling variance in the appraisal of their activity delays. The de-
sign of the study already comprehends this distinction and accounts for
ft in the sampling procedures.

Activity 1s used in the precise meaning it has in bar chart
scheduling or network scheduling., It is assumed that most large scale
fndustrial projects will have been scheduled with one of these methods.
Pigure 1 shows the meaning of activity as used in these scheduling meth-
ods. The illustrations are drawn from the UNIDO publication Procedures

for Programming and Control of Implementation of Industrial Projects in

Developing Countries. An activity is a logical subdivision of the project

work that can be scheduled as an entity because it is distinctly different
from that which precedes or follows it. Thus, the simple bar chart of
Pigure 1 shows Activity A of one week duration, Activity B of 8 weeks
duration, and so forth. The simple network fllustration shows activity 1,
Purchase Pumps, of 5 months duration, activity 2, Install Pumps, of 7
months duration, and activity 3, Dewater Site, of 8 months duration,

A "major activity" is one that {s scheduled in months, rather
than days; that is, an activity whose planned duration is at least one
month, 8ince this study covers only large industrial projects of over
$1 million value, and construction periods ranging from about six months
to about five years, it is neither necessary nor desirable to investigate
delays in activities shorter than this.

The "planned time of achievement" is not necessarily measured
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Figure 1 - Meaning of Activity
Simple Bar Chart
Time in Weeks
A:tiv- Activity
ty August Septenber October
Label Descrip-
tion 1 2 3 4 1 2 3 4 1 2

A Activity A @

B [Activiey s NI IU AU,

C Activity C : /A%

D Activity D

N

$imple Natwork

~ Purchase Install Devater
Tump Pumps Site
OO0 O
S 7 8

—t— ]
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‘t‘it tim in Month'

Date
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by calendar dates; that is, day of the weck or month, but by time du-
ration, or number of days. Thus it 1is possible for a major activity

to be completed later than the scheduled calendar date and still not,
in itself, be a "delayed activity,”" in the meaning of the definition

of this study. This could happen 1f a previous activity were delayed,
thereby moving back the starting date of the referenced activity. An-
other way of putting this point is that delays are not cumulative. Each
major activity is judged with respect to its planned elapsed time, as
shown on the original schedule (or any revisions thereto made prior to
the start of the referenced major activity) and not with respect to the
calendar as such,

With this meaning, then,it is possible that an industrial
project may suffer delay in one or more major activities and yet be
completed by the scheduled date. The study is designed intentionally
to include this possibility, for otherwise some important instances of
delay may escape the survey. On the other hand, it is not possible for
a total project to fall 25% or more behind schedule unle;n one or more
of its major activities does so.

Cost of Delays

Although we are interested in knowing about each major delay
and {ts course, when we come to calculate the cost of delays we shall
consider only those that contributed to the cumulative delay of the
project. 1In the language of network scheduling, we are interested in
delays of activities that are on the "critical pltﬁ." Activities that
are more or less independent in time from other activities, or whose

delay does not hold up the accomplishment of other activities eritical
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to the completion of the project, are not considered {n cost calcu-

lations. The effective delay, in terms of cost, is the period of time
over vhich funds were invested or immobilized and the project was not
in operation, although it could have been if these delays were not ex-
perienced,

Questionnaire Objectives and Method

The written questionnaire is designed to answer five questions:

1. Did delays occur?

2. In vhat activity or stage of the project work did

they occur?

3. Bow long, in months and as % of planned time, were

the delays? |

4. What caused the delays?

5. What vas the cost of the delays?

The questionnaire will appear to ask some of these ques tions
twice, once directly and again indirectly. This is planned redundancy
for verification purposes.

The questionnaire asks each respondent to attach to ic, 1if
available, a copy of the bar chart schedule or network schedule that wss
in effect st the date of project spproval, and any major revisions there-
to. The respondents are also asked to list out, as part of the question-
naire, each major activity of the project with its scheduled time durs-
tion and sctusl time duration.

The in-depth interviews (discussed in Part IV, "Analyais of
Completed Questionnaires") will be selected as a small cross sec-
tion of the respondents. Their primary purpose will be to aeek explans-

tion of, and insight into, the reasons for large difference between



planned and actual activity duration times.
Questions on project costs are structured so as to fit the

method of cost analysis set forth in the previous UNIDO study on

Problems Encountered in Implementing Industrial Projects in Developing

Countries, Chapter 2, "The Cost of Delays." If the questions are prop-
erly answered, they should provide sufficient information and data for
such an analysis.

A sample of the suggested questionnaire follows and caae

studies using the questionnaire are included in Part V of this report.
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UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION

Questionnaire

DELAYS IN IMPLEMENTING INDUSTRIAL PROJECTS

This questionnaire is part of a study being conducted by the United
Nations Industrial Development Organization for the purpose of learn-

ing more about the causes and costs of delays in implementing indus-

trial projects in developing countries,

The questionnaire has becn sent to you for the project named below

on_the basis of a random selection and not because of eny knowledge

of dclays in this project.

—

Project nam

(4]

— ——— -

!
! Country
| _

Once filled iu this questionnairc will be kept confidential. Specific
project information will not be divulged. Only totals, averages and
general observations will be published.

You are asked to compl~‘e this questiounnaire as proup:ly as possible

and return it to the United Natioms Industrial Development Orpaniza-

tion, Felderhause, Rathausplatz 2, 1010-A Vienna, Austria,

Thank you for your assistance.
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Questionnaire -2-

Definition of Terms Used

"Implementation Phase"

The implementation phase is taken to be the work starting
with detailed project planning and design, through construction and
start up, to the time when the project is functioning in a satisfactory
manner at, or near, its rated capacity. Thus, the decision to invest
is assumed to have bcen made; the product, general process, scale,
market, financing method, and general location have been decided
upon. Government approval is assumed, at least in principle, and the
irvestment funds, including foreign exchange, are assumed to be
allocated and available. At this point implementation begins. It
includes site sclection, detailed design of the project to accommodate
it to the site and to final engineering changes, bicdding, contracting
and procurement, construction, production start-up, and build-up to
capacity.

'Delay"

Project delay is defined to mean falling behind schedule
25% or nore of the planned time cf achievement fcr any major activity
of the project.

DActivity"

Activity 1s used in the precise meanfng it has 1in bar chart
sciieduling or network scheduling. It is assumed that every large
scale Industrial project will have beon scheduled with one of these
methods. ligure 1 shows the meaning of activity as used in these
scheduling methods. An activity is a logical subdivision of the
project vork that can b: scheduled as an entity because it is
distinctly different from that which precedes or follows it, Thus,
the simplc tar chart of Figure 1 shows Activity A of one week
duration, Activity B of 8 weeks duration, and so forth., Thc simple
network illustration shtiows activity 1, Purchase Pumps, of 5 months
duration, activity 2, Install Pumps, of 7 months duration, and
activity 3, Dewater Site, of 8 months duration.

Major Activity"

A major activity is one that is scheduled in monthe, rather
than days or weeks; that is, an activity whose planned duration is at
least one month. Since this study covers only large industrial
projects of over $1 million value, and implementation periods
ranging from about one to eight years, it is neither necessary nor
desirable to investigate delays in activities shorter than this,



Questionnaire

Definition of Terms, Continued

"Planned Time of Achievement"

The planned time of achievement is not necessarily measured
by calendar dates; that is, day of the week or month, but by time
duration, or number of days., Thus it is possible for a major activity
to be completed later than the scheduled calendar date and still not,
in itself, be a "declayed activity,"” in the meaning of the definition
of this study. This could happen 1f a previous activity were delayed,
thereby moving back the starting date of the referenced activity,
Another way of putting this point is that delays are rot necessarilv
cumulative. Each major activity is judged with respect to its
plarned elapsed time, as shown on the original schedule (or any
revisions thereto made prior to the start of the referenced major
activity) and not with respect to the calendar as such.

With this meaning, then, it is possible that an industrial
project may suffer delay in one or more major activities and yect be
completed by the scheduled date. The study is designed intentionally
to include this possibility, for otherwise some important instances of
delay may escape the survey, On the other hand, it i{s not possible for
a total project to fall 257 or more behind schedule unless one o1 more
of its major activities does so.
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Figure 1 - Meaning of Activity
Simple Bar Chart
Time in Weeks
A;Eiv- Activity
y August September October
Label Descrip-
tion 1 2 3 4 1 2 3 4 1 2

A Activity A z

B Activity B %W[%Y%%%W/%

C Activity C //AV A

D | Activity D //‘

Simple Network

Purchase Install Dewater
Pumps Pumps Site
OO O—
5 7 8 -/
) o S S B S R S S S B SR S A SERE S e e e e §

1l 2 3 & 5 6 7 8 910111213 14 15 16 17 18 19 20 21

Project
Stait Time in Mouths
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Queltionnair?] 5
Part 1. General Project Information
1) Country « 2) Project name
State or province .
3) Project ownership
Public (Agency or Department) _ e
Private (Corporation name) .
Joint public-private . .
4) Implementing apency (ics) _ L
5) Prime contractor(s) L e
6) Type of contract (describe) e e
7) Project description e
8) Products to be produced _ .
9) Planned annual capacity ' .
10) Planned total employment at full capacity .

11) Comments or explanations for any of the items of Part I (if necessary)




F\veutionnaire
-6-

B 7]

In the next two parts (Parts II and III) of the questionnaire we

divide the project implementation phase into four stages:
Stage 1. Detailed project planning (including site seclection,
detailed engincering design, and cost estimating).

Stage 2. Biddinp, contracting and procurement.

| Stage 3. Construction and start-up.

LStage 4, Build-up to capacity productionm.
We realize it is uot always possible to divide project work into these
four stages. If you find you cannot do so for this project, please
change the stage definitions above and on the following pages to

ones that you can use systematically for the rest of the questionnaire.

P B

Note: If neither a bar chart nor a network schedule was mad: for

the implementation phase of this projoct, do mot attempt to

£11i out the activity listinps on the following pages. Turn

|
|
directly to page 71 at the end of Part II1 and nrovide vhat

geneval information you can. Also, please complete page 8.




Questionnairil

Part IT. Project Scheduling and Identification of Delays

Was a bar-chart (or Gantt chart) schedvle prepared for the

implementation phase of this project?

Was a network (or PERT or CPM) schedule prepared for the imple-

mentation phase of this project?_

1f neither a bar-chart nor a network schedule was prepared for the
implementation phase of this project, d~scribe the scheduling

procedure that was used._

.

[ ]

1f it is available, we would appreciate receiving with this

———

questionnaire a copy of the project schedule fur the implementation '

pha~e as it stood at the bepinning of that phase. It may be

abbreviated, if desired, to include only "major activities' as

defined in this questionnaire.

e —

4) Who (what agency or group) prepared the schedule for the implementa-

tion phase of this project? __




.lQuestionnaire

Part 11. Project Scheduling and ldentification of Delays, Continued

5) On what dates did the following events actually occur?

a) Implementation phase of project actually started*

b) Foreign exchange portion of funds committed by government

Final approval of project by government

Ground breaking

Start of production (plant "on-line")

Capacity production achieved (implementation phase ended)

- A—— ] . ] — o —— -

%Sec definition of "implementation phase.”

6) On what date was the project originally scheduled to start production

(go on-1line)? .

7) On what date was the project originally scheduled to reach full

capacity production?
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Questionnaire

Part 11. Project Scheduling and Identification of Delays, Continued

8) Referring to the project schedule for the implementation phase, list
below the 'major activities' (refer to definition) of Stage 1 --

detailed project planning. Also list the planned or scheduled

time duration for each major activity, in months, and the actual

time duration experienced.

(1) (2) 3) (4) (5) - (6)
Major Planned Actual Difference | % Difference
Activity | Description of Major : Duration [ Duration (4)-(3) (5)/(3)
Number Activity ] (Months) | (Months) _




[Quutionnaire -10-
Part 11, Continued
8) Stage 1 -- detailed project planninp, continued
(1) (2) 3) (4) (5) (6)
Major Planned Actual vifference | X Difference
Activity | Decscription of Major | Duration | Duration (4)-(3) 75)/(3)
Number Activity {Months) (Months)

e W o e m— h— e

© e o — . o o




Questionnaire
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Part 1I. Project Scheduling and Identification of Delays, Continued

9) List below the major activities of Stage 2 -- bidding, contracting

and procurement.

(1) (2) 3) (4) (5) (6)
Major Planned Actual Difference | % Difference
Activity , Dezeription of Major ' Duration | Duration (4)-(3) (5)/(3)
_Kumber =~ Activity (Months) (Months) :




kuut ionnaire

Part 11, Continued

9} Stage 2 -- bidding, contracting and procurement,, continued.

(1)
Major
Activity
Number

(2)

Description of Major
Activity

(3)
Planned
Duration
(Months)

(4)
Actual
Duration
i (Months)

(5)

Difference

(4)-(3)

(6)
% Difference

(5)/(3)

!
|
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, Part I1I1. Project Scheduling and Identification of Delays, Continued

1n) List belew the major activities of Stage 3 -~ construction and

start up.
1) (2) 3 4) (5) (6)
Major Planned Actual Difference | ¥ Differencc
Activity | Description of Major | Duration | Duration | (4)-(3) (5)/(3)
_Kumber Activity _ 1. {Months) | (Months)
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Questionnairej -14-
Part 1I, Continued
10) Stage 3 -- construction and start-up, continued.
(1) (2) M | W (5)
Major Planned Actual Difference
Activity | Description of Major | Duration Duration (4)-(3)
Number | Activity _(Months) | (Months)

e ———

(6)
%2 Difference
(5)/ (3)

i 5 - — b o St v ot B
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Part I1. Project Scheduling and Identification of Delays, Continued

11) List below the major activities of stage 4 -- build-up to capacity

production.
1) ) (3) (4) (5) (6)

Major | Planned Actual Difference |X Difference
Activity | Description of Major ' Duration Duration (4)-(3) (5)7(3)
_Number Activity __(Months) | (Months) L i e

| |

. | | ’
f’

! ! :

) ; :

! : !
"Delay" has been definel carlier to mean "falling behind schedule 25%

or more of the planned time of achievement.,"

Wherever a number of 25% or larger appears in colunn (6) of the above

listings for any of the four steages, circle the corresponding activity ;
!
number. These are the activirjes we vill consider to have been dolayed. |

In the following part of this questionnaire we seek the reasons for 4

these delays.
— —




Questionnaire
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Part 11. Project Scheduling and Identification of Delays, Continued

12) List below the § delays that 1in your Judgment made the greatest
contribution to the total delay of the project. Put them in what
you estimate to be the order of their magnitude of contribution to
total delay and estimate their contribution in months,

Contribution to Total
Delay (ng;h§)__’_

Number | ___Delay

1.




Questionnaire :
' -17"
LY
Part TI11. Rensons for Delays
(1f no celays were identified in Pact 11, skip this part.)
Coonlete the following sections only for those major activities that ‘{
i
were delayed, that is where 25% or a greacer nuber appeared in col- |
umn (6) of Part II of this ques tionnzire. ‘
1) Stage 1 -- detailed project planniug.
(1) (2) (3) (4)
Major % Delay
Activity Descrintion of Major | (Coluun (95) Cause ~f Delay., (Plaazse bo specific
Jurher Activity of Part 1I) and detailed. Use extra cheets i1
SNSRI W o lmecessary.) e
|
«
¥
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Part 11I.

Questionnaire

Reasons for Delays, Continued

-18-

2) Stage 2 -- bidding, coniracting and procurement.

(1)
Major
Activity
Numhey

(2)

Description of Major
Activity

(3)
% Delay
(Colunn (6)
of Part II)

(4)

Cause of Delay. (Please be specific
and derailed., Use extra sheets if

necessary.)

*)

45

.




1. Introduction
lt.. Sampling Procedure for Questionnaires
I31. The Questionnaire
IV, Analysis of Completed Questionnaires
V. Case Studies Using the Questionnaire
' Bibliography
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E Questionnaire

Part 111. Reasons for Delays, Continued

3) Stage 3 -- construction and start-up.

(1 (2)
Ma jor
Activity Description of Major
Number Activity

(3)
% Delay
(Column (6)
of Part II

and detailed,
necessary.)

—— ——

(4)

Cause of Delay. (Please be specific

Use extra sheets if




Questionnaire

Part 111. Reasons for Delays, Continued

4) Stage 4 -- build up to capacity production.

(1) (2) (3) (4)
Major % Delay
Activity Description of Major | (Colurn (6) Cause of Delay. (Please be speci™i:
Hucbher Acrivity of Part 1I) and detailed. Use excra sheeis @
R SIS SN NACOSSACY ) e
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Questionnaire‘

Part I11. Reasons for Delays, Continued

$) If no formal scheduling procedure was used for this project,

please give below as much information as you have about delays,

their time and causes.




‘ Questionnaire}

Part 1V, Project Cost Information

1) Total project investment (actual, if different from planned)*

Major cost eclements:

Land __

Land preparation

Non-residential buildings and plant__

————

Capital equipment _

Housing

Roads, railroads & access

Vater

Fees and services

Other

—— . e e e G o e S

- . —— - A o W =

2) Foreign currency component of proiect {actnal)
y e e

3) Llocal currency component of project (actual)

4) Source(r) of foreign currency (or lending agency)

5) Source(s) of local currency (or lending agency) _

et s e — -—

6) Terms of foreign currency loan (if any)

7) Terms of local currency loan (if any)

— —m——

*Tncludes all cost elements such as housing colony, land, road
improvereuts. owned power supply, and so forth, that are required for
the successful ccupletion and operation of the project.




Queltionnairq, -23-

8) On what date was the foreign capital component of the investment

for thie project allocated? + Was it unavailable

for other projects thereafter?

9) Was all or part of the foreign exchange component of the investment

committed on the above date? Please explain

-

10) Additional comments or information that respondent feels nay be

helpful to UNIDO in this study.

B e —

e




Questionnaire -24~
' 11) Name of person(s) filling out this questionnaire
12) Title and affiliation
13) Mailing address_ _____ _ _
14) Date ] . )
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IV, ANALYSIS OF COMPLETED QUESTIONNAIRES

The primary use of the completed questionnaires will be to
determine the lengths Iand causes of delays and whether the delays are
correlated with variables, such as type of plants, class of countries,
or type of geographical areas. Also, the completed questionnaires will
enable certain plants to be selected for in-depth intervieuws, as dis-
cussed below. Finally, the completed questionnaires will provide data
for approximating the cost of delays. However, it should be noted that
these cost estimates are not of crucial importance, but are intended
only to provide an order-of-magnitude estimate of the over-sll cost of
delays in order to confirm that the use of a substantial amount of re-
sources can be justified in order to reduce delays.

To determine the lengths and causes of delays and whether the
delays are correlated with variables, certain tabulations should be
made. Pirst, the information on the delays should be tabulated as fol-
lows:

1. The stage of the project during which delay occurred; that is,

detailed project planning; bidding, contracting, and procure-
went; construction and start-up; and build-up to plant capacity.

2. 1Individual cause of each delay. An example {s: "Vendor lste in

submitting equipment drawings for approval.”

3. Categories of causes of delays. Examples are:

a. Change of scope of project (e.g., plant owner decides to

increase plant capacity).
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d. Reault of other acts by plant owner (e.g., plant owner slow
in approving purchase order).

c. Apparent inefficiency on the part of the contractor (e.g.,
contractor has inadequate number of men on job).

d. Delays by local governments (e.g., government delays issue
of import licenses).

Next, each of the above three sets of data should be tabulated
against type of plant, class of country, and type of geographical area.
The result will be nine tabulations. As an example, Exhibit 5 presents
a format that might be used for the tabulation, "Type of Plant’ versus
"gtage During Which Delay Occurred.”

After these nine tabulations have been made and analyzed, fur-
ther tabulations should be made in order to explore such issues as type
of contract (e.g., turn-key versus cost-plus-fixed-fee) and type of
ownership (government versus local-private versus local-foreign joint
venture versus foreign).

These analyses will uncover the most important types of delays
that might be encountered in various situations and will assist in pin-
pointing where remedial action should be taken.

Cost of Delay Calculations*

Exhibits 6, 7, and 8 are three cost calculation tables based

on different capital intenaities that show the reduction in net worth of

& project as a percentage of the total project investment for different

periods of delay under various assumptions.

*Por further discussion see "The Cost of Delays" and the "Appendix:
Calculations Leading to Table 2" in M. Kilbridge, Problems Encountered
in Implementing Industrial Projects in Developing Countries, UNIDO,

December 1967.




Exhibit 6 is to be used in interpreting questionnaires for:
**Cotton Textile NMill
**otor Vehicle Assembly Plant
Exhibit 7 is to be used in interpreting questionnaires for:
**Cement Plant
**Iron and Steel Mill
**Caustic Soda Plant
*#Mfachine Tool Plant
**Tire Plant
Exhibit 8 1is to be used in interpreting questionnaires for:
®*Electric Power Plant
**Petroleun Refinery
®*Ammonia-Based Fertilizer Plant
**Petrochemical Plant |
The tables contain two kinds of cost, one due to delays in
project completion, and the other due to the time required to raach
full capacity production. Delay in project completion is the time be-
tween the originally scheduled start of production and the actual start
of production. Time to reach full capacity {s the time between the

start of production and when capacity production was achieved. Both

times are calculable from the information provided in Part II, item S,

of the questionnaire.
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Two forms of financing are shown (Columns (1) and (2)).

Column (1) covers the situation in which about one-half the capital
(usually the foreign exchange component) is tied, or committed at the
start of the project and is not available for other uses thereafter,
while the other half of the capital (usually the local currency com-
ponent) is made available as necessary from a general account. Column
(2) covers the situations in which all investment costicoincide with
{nvestment outlays. This is pay-as-you-go all the way.

.Two rates of time discount are used, 7% and 15%. These are
naturally higher than the financial terms on which project loans are
typically made and reflect more accurately the marginal efficiency of
capital in developing countries. The low rate of savings, the abumn-
dance of labor, and the political determination to accelerate economic
grovth by rapid increases in the level of investment also indicate high
rates of time discount. Availability of credit is limited, and demand
fs virtually unlimited. These considerations make a 7% discount rate
the lowest that reasonably can be assumed,

To 1llustrate the use of these tables, consider Case 1, Sati
Thermal Power Station (presented in Part V of this report) . Exhibit 8
1s to be used. The total investment was $9.0 million. Delay in com-
pletion of the project was 20-1/2 months, There was no subsequent de-
lay in reaching full capacity production. The foreign exchange component,
representing roughly one-half the capital investment, was committed at
the beginning of the project and was unavailable for other use thereafter.

The local component of investment was made availaﬁle as needed. Thus




I. INTRODUCTION

Previous reports* prepared for the United Nations Industrial
Development Organization on the implementation of industrial projects
i{n developing countries indicate that extensive delays are commonly en-
countered and that the effect of these delays is to lower the present
vorth of the industrial projects by as much as 10 to 30%. This cost is
seldom calculated and frequently not even understood. No systematic
analysis Oof the causes of implementation delays has been made until
now, and yet their cost is at least as great as those associated with
location choices, labor productivity differences, economies of scale
and the choice of technology.

This report presents the design of an empirical study to be
undertaken by the United Nations Industrial Development Organization to
determine the nature of delays in implementing industrial projects,
their causes and their costs.

The essential tool of the study is a questionnaire to be ad-
pinistered to a stratified random sample of 104 industrial plants com-
pleted in developing countries since 1960. Part II lays out the sempling
procedure stratified by geographical area and by stage of economic
development and shows how to select the sample of 104 plants. Part III
contains the questionnaire and the reasoning employed in its develop-
ment. Methods for analyzing the completed questionnaires, including
calculations of the cost of delays, and a subsample of in-depth inter-

views are given in Part 1IV.

#See Bibliography.
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one-half the capital was tied and Column (1) of the table applies. As-
sume first a 7% discount rate. Looking under "Delay in Project Comple-
tion” and interpolation between 1.5 and 2.0 years we get approximately
10%. This tells us that, under the assumption of a 7% discount rate,
delay in completing this project reduced its net worth by about 10%, or
$900,000. If we assume a 15% discount rate, and use the table in the
same fashion, we get approximately an 18% reduction in net worth, or
$1,620,000.

A second illustration of the use of these tables is Case 2,
8 cement plant. Exhibit 7 1is to be used. The total project investment
vas $4 million. Delay in completion of the project was 12 months, and
there was a subsequent dcllay of 12 months in reaching full capacity.
Neither the foreign exchange component nor the local currency component
vas committed at the beginning of the project, but they were made avail-
able as needed. If we assume a 15% discount rate for this industrial
project, we look under "delay in project completion" and get 3%. This
tells us that at a 15% discount rate this delay reduced the net worth
of the project by $120,000. Next we look under "time to reach full
capacity production" and get 10%. This tells us that this lag in reach-
ing capacity production reduced the net worth of the project by $400,000.
These two factors combined reduce the net worth of the project by 13% or
$520,000.

Selected In-Depth Interviews

Approximately 15 to 20 in-depth interviews should be conducted
at plants from which completed questionnaires were returned in order to

obtain additional insight into the causes of delays and their posaible




>
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prevention.
Most of the interviews should be conducted at plants which
experienced the delays which the interview analyses indicate to be
wost prevalent and costly. The interviews should explore in depth
such factors as project organization, project control, project sched-
uling, experience of contractor, and similar items. Persons interviewed
should include the engineers and management of the owning firm, the
engineering contractor, the construction contractor, and in a few cases,
the major equipment vendor. Recommendations should be obtained from
the persons interviewed as to how delays can be prevented in the future.
Some few interviews should be conducted at plants in which
the most serious delays did not occur. The actions taken by the owners
and contractors which prevented delays from occurring should be determined.
The plants at which in-depth interviews are to be conducted
should be selected so that each type of plant is represented, sach class
of country is represented, and each geographical area is represented,
At least some of these interviews should be made by a repre-
sentative of the central UNIDO office. This will insure against the
possible bias which might be enoountered if all interviews were conducted

by a local representative of UNIDO.
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Case 1: Sati* Thermal Power Station (India)

The Project

The Sati thermal power station is in the northern part of
the State of Bihar in India. It consists of two 15 smw generating
units, each fed by a separate coal-fired boiler, and the related coal
handling equipment, switch gear, and housing colony.

The project was financed by the U. 8. Development Loan Fund
(now 1nc;rporated in the U. S. Agency for International Development)
under an agreement signed on June 30, 1960. The DLF provided $3.8
million to the Government of India to meet the foreign exchange re-
quirements, and Rs. 13.1 million was obtained by the State of Bihar
from a PL 480 Title I (the use of local counterpart fuﬁds) loan to
cover the local currency costs. Although the original foreign ex-
change loan was adequate to cover the costs of imported equipment and
sexvices, actual local currency costs ran Rs. 11.8 million above the
loan estimate, a 90% deviation from the budget attributed to infla-
tion, delays and unforeseen costs.

The power plant and switch gear were designed and manu-
factured by Invest Import of Yugoslavia and erected by them under a
turn-key contract. This firm subcontracted to M/s. Steinpudler, of
West Germany, the design and manufacture of the boiler and some
encillary equipment. The Kul jian Corporation of Philadelphia, USA,
served as general consultant to the Bihar State Electricity Board,
the owner snd operator of the piant. for all work related to the de-

sign and erection of the power station. Kuljian also constructed

*Name disguised.




the plant buildings and all non-residential civil works. The residen-
tial buildings (essentially the housing colony) were built by the Bihar

State Electricity Board itself,

Delays in Implementation

Project work began in January, 1959, with the intention of
bringing the first 15 mw unit on line in November, 1961, and the second
in March, 1962, The units actually were put into service in October,
1963, and November, 1963, respectively, approximately two years behind
schedule. This falling behind by 70% of the planned time of implementa-
tion is attributable to a variety of delays in the procurement and con-
struction phases, some of which are the consequences of risks inherent
in multinational financial and engineering efforts and»othern of which
appear to result from careless planning.

A major source of delay was rooted in the triangular rela-
tionships between the prime contractor, Invest Import of Yugoslavia,
the subcontractor, M/s. Steinpudler of West Germany, and the U. S.
Development Loan Fund. The DLF wished to use Yogoslavian dinars in-
stead of U. S. dollars to the fullest extent possible in payments to
Invest Import. This involved frequent payment delays while the U. 8.
Treasury searched its accounts for dinars. During these delays Invest
Import tended to slow down its design, machining or shipment of the
plant components. When Steinpudler was asked to provide the boilers
and ancillary equipment they requested payment in dollars, either from
Invest Import or the DLF directly. Invest Import refused to provide

dollars and the boiler equipment, although rcldy.for shipment, was




held up in West Germany for seven months until the DLF finally opened
8 line of credit for Steinpudler in the U. 8.

Another principle source of delay was in the relationship
betseen the Yugoslavian company, which had prime responsibility for
designing the entire plant, and the Kuljian Corporation, which pre-
pared the site and built the civil works. The submission of the site
plan with the equipment and yard arrangement, detajled foundation draw-
ings, and building drawings was, ifor some unexplained reason, held up
for almost a year. This delayed completion of the ecivil con‘atruction
vork, but not by an equivalent amount.

A further source of delay, and one that should be avoidable,
vas in the inadequate investigation of the soil mechanics of the site.
Although drilling and soil testing went on for 14 months before the
start of construction, the high subsoil water and poor bearing capacity
of the soil had not been adequately compensated for in the design of
pilinga and foundations.

A continuing source of irritation and delay was the repeated
shortage, or oversight in ordering, critical imported components and
waterials. Refractories for lining the fire boxes of the boilers were
imported from Yugoslavia after much debate over the quality of locally
available Indian-made refractories. When they arrived, just in time
for installation, a large number were broken. It vas decided to replace
them with the Indian product so as not to hold up the entire project,
but the Yugoslavian contractor was unable to prdvide the exact specifica-
tions and dimensions of the brick required, and they had finally to be

imported from Yugoslavia after all, involving a delay of three months.




8imilar delays of minor importance were encountered in the
site preparation and construction of residential housing. Tube well
parts were damaged in shipment. An order of hardware and plumbing
fixtures vas lost; another was held up by customs in Bombay for seven
months.,

In the procurement phase six major activities were delayed,
or fell 25% or more behind the planned time of achievement. These
vere activities 1 (hoiler framework), 5 (super heater), 11 (forced
draught fans), 12 (cold and warm air lines), 21 (boiler sheeting),
and 34 (turbine). Their average delay was 6.2 months, or about 40% of
the average planned time of achievement. In the construction and
start-up phase 19 activities were delayed, and of these 18 were in
preparation of the site.and construction of the civil works. The
eivil works delays averaged 8.6 months each, or about 60% of the
planned time. The only delay in the erection of the power station {t-
self was experienced in activity 16 (bricking) for a period of three
months, or 50%.

An analysis of these delays makes it quite clear that their
largest root cause was in the confusion due to distance and national
barriers, or in other words, the dependence of the Bihar State
Electricity Board on imported design, equipment and technical skills.
Once the plant was delivered to the site, erection went ahead on
schedule, with exception of one activity. Under normal conditions the
prime contractor, Invest Import of Yugoslavia, would h;ve been bound by

penalty agreement for failure to commission the units on time, but the s

difficulty of assigning blame for the currency shortage and payments




In Part V wve apply the questionnaire in the detailed study of
five actual cases of industrial project implementation: a thermal power
plant in India, a cement plant in Latin America, two pctrochemic_al plants
in Asia, and a textile mill in Latin America. We have disguised the names
of these projects at the request of those who provided the case informa-

tion, but the facts remain unaltered.



delay provided them with an escape from the contract.

The Cost of Delays

Not all of the delays sncountered contributed to the cumula-
tive delay of the project. Some, in the parlance of network scheduling,
were not on the critical path. That is, they were more or less in-
dependent in time from other activities, or they did not hold up the ac-
complishment of other activities critical to the completion of the
project.

The effective delay, in terms of cost, is the period of time
over which funds were invested or immobilized and the project was not
in operation, although it could have been if these delays were not ex-
perienced. For the Sati Thermal Power Station this cumulative delay in
project completion was from November 1961 to October 1963, or 23 months,
for unit 1 and from March 1962 to November 1963, or 20 months, for unit
2. TPor cost calculations we can consider these separate delays equiva-
lent to a single unit delayed by 20% months.

Referring to Exhibit 8 undsr Part IV, Analysis of Completed
Questionnaires, ve can estimate the real cost of this delay under var-
ifous assumptions. Since the foreign exchange component of the investment
was committed at the start of the project and was unavailable for other
use thereafter, and the rupee investment was made on a pay-as-you-go
basis, and since the foreign exchange component is roughly half the total
investment, this is a column (1) case (% Capital Tied). Thus, if we

use a 7% discount rate, the reduction in net worth of the Sati Thermal

Power Station due to 20X months of delay in completion {s about 107%,

or $900,000. At a 15% discount rate the reduction in net worth is about




18%, or $1,620,000. As was mentioned earlier under the discussion of

cost of delay analysis, the actual interest rate (in this case 3%% on
foreign exchange and 7% on local exchange) has little or nothing to do
with the true loss to the economy of India caused by this delay. Ths
country's borrowing capacity is limited, especially for foreign capital,
and. the opportunities for investment are many. The capital tied up
during the delay in completing this power station represents & large
loss to the nation in potential income from the sale of electricity

and in potential savings for reinvestment.
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UNITED KATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION

Questionnaire

DELAYS IN IMPLEMERTING INDUSTRIAL PROJECTS

This questionnaire is part of a study being conducted by the United
Nations Industrial Development Organization for the purpose of learn-
ing more about the causes and costs of delays in implementing indus-

trial projects in developing countries.

The questionuaire has becn sent to you for the project named below

on_the basis of a_randon selection and not because of any knowledge

of deloys in this project.

pem

Project name Sati Thermal Power Station

Country India

> o - ot s abs @0 it %A - - —— A —————

e

- Onee filled in this questionnaire will be kept ceufidential. Specific

project lnfcrmation will not be divulsed. Only totals, averages and
general otscivations will be published.

You are asked to cemplete this questionnaive as promptly as possible

and return it to the United Nations_Industrial Development Orpaniza-

tion, Felderhause, Rathausplatz 2, 1010-A Vienna, Austria.

Thank you for your assistance.




Questionnaire -2-

Definition of Terms Used

“Implenentation Phase”

The implementation phase is taken to be the work starting
with dctailed project planning and design, through construction and
start up, to the time when the project is functioning in a satisfactory
manncr at, or near, its rated capacity. Thus, the decision to invest
is assumed to have been made; the product, general process, scale,
market, financing method, and general location have been decided
upon. GCovernment approval is assuned, at least in principle, and the
irnvestnent funds, including foreign exchange, are assumed to be
allocated and available. At this point implementation begins. It
includes site selection, detailed design of the project to accommodate
it to the site and to final engineering changes, bicdding, contracting
and procurement, construction, production start-up, and build-up to
capacity.

"Delay"

Project delay !s defined to mean falling bechind schedule
25% or more of the planned time of achieverent for any major activity
of the project. '

JActivity”

Activity is used in the precise meaning it has in bar chart
scheduling or nectwork scheduling. It is assumed that every la.ge
scale irdustrial project will have been scheduled with one of these
methods. Figure 1 showe the meaning of aciivity as ured in these
scheduling methods. An activity is a logical subdivieion of the
project work that can be scheduled as an entity becav-e it is
distinctly differcnt from that which precedes or follows it. Thus,
the simple tar chart of Figure 1 shows Activity A of one week
duration, Activity B of 8 weeks duratioun, and so forth. The simple
mpetwork illustration shows activity 1, Purchase Pumps, of 5 months
duration, activity 2, Install Pumps, of 7 months duration, and
activity 3, Dewater Site, of 8 months duraticn.

"Major Activity"

A major activity is ore that is scheduled in months, rather
thua doys or wecks; that 1s, an activity whosc planned duration is at
Jeast one month. Since this study covers only large industrial
projcets of over $1 million value, and implementation periods
ranging fror about one to e¢ight ycars, it is neither necessary nor
desirable to investigate delays in activities shorter than this.




Questionnaire

Pefinition of Terms, Continued

»planned Time of Achievement'

The planned time of achievement is not necessarily measured
by calendar dates; that is, day of the week or month, but by time
duration, or number of days. Thus it is possible for a major activity
to be completed later than the scheduled calendar date and still not,
in itself, be a "delayed activity," in the meaning of the definition
of this study. This could happen if a previous activity werc delayed,
thereby moving back the starting date of the referenced activity.
Another way of putting this point is that delays are not necessarily
cumulative. Each major activity is judged with respect to its
planned elapsed time, as shown on the original schedule (or any
revisions thercto made prior to the start of the referenced major
activity) and not with respect to the calendar as such.

with this meaning, then, it is possitle that an industrial
projcct may suffer delay in onc or more major activitics and yet be
completed by the scheduled date. The study is designed intentionally
to include this possibility, for otherwise some important instances of
delay may escape the survey. On the other hand, it is not possible for
a total project to fall 25% or wore behind schedule unless one or more
of its major activitics does so.
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Iéuestionnaire
—

Part 1. General Project Information

1) Country India « 2) Project name Sati* Thermal Power

State or province  Bihar .

3) Project ownership

Public (Agency or Department) Bihar State Electricity Board (Patg_n).

Private (Corporation name) .

Joint pub11c~pr1vate .

4) Implementing agency (ies). Bihar State Electricity Board

5) Prime contractor(s) (Plant) Invest Import of Yugoslavia, (Consulting

- e —— -—

Services and Civil Works) Kuljian Corp., Philadelphia, USA,

6) Type of coatract (describe)  Turn Key

.
- -———

7) Project description  Steam power plant of 30 mw capacity consisting of

two 13 sw units; boilers fueled with pulverised coal. Plant and equip-

sant 1§ Yugoslavian and is installed by Invest Import. _Civil vorks for
the power station are by Kuljian Corporation. Residential buildings
are by Bihar State Electricity Board. .

8) Products to be produced Electric power

o

9) Flanned annual capacity 30,000 KW or 2.62 million KW hf. .

10) Planned totel employment at full capacity 281 (16 executives, 265 workers).

11) Corments or explanatinnz for any of the items of Part I (1f necessary)

s e e

-

November 1961 and March 1962, respectively. Electrical genera-

tion thus started about 2 years later than planned.

*Name disguised.
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. In the next two parts (Parts 11 and 111) of the questionnaire we

divide the project implementation phase into four stages:

Stage 1. Detailed project planning (including site sclection,

detailed engincering design, and cost estimating).

Stoge 2. Bidding, contracting and procurement.

Stage 3. Construction and start-up.

Stage 4. Build-up tc capacity production.

o _ -

We realize it is not always possible to divide project work into these
four stages. If you find you cannot do so for this project, please
change the stage definitions above and on the following pages to

ones that you can use systematically for the rest of the questicnnaire.

s "‘W
Note: If neither a bar chart nor a network schedule was made for

- -

the implemertation phase of this pioject, do not attenpt to

£411 out the activity iistings on the following pages. _luru

dircctly to page 21 at the end of Part 111 _anc vrovide what

pencral information you can. Also please complete page 8,

ol




1)

2)

3)

4)

Questionnaire - -7~

Part 11. Project Scheduling and Identification of Delays

Was a bar-chart (or Gantt chart) schedule prepared for the

fmplementation phase of this project? Yes .

Was a network (or PERT or CPM) schedule prepared for the imple-

mentation phase of this project? __ No .

1f neither a bar-chart nor a network schedule was prepared for the

implémentation phase of this project, describe the scheduling

procedure that was used,

14 ]

1f {t is available, we would appreciate receiving with this
questionnaire a copy of the project sctedule for the implementation
phase as it stood at the bepinning of that phase. It may be
sbbreviated, if desired, to include only "ﬁajor activities" as

defined in this questionnaire.

o

¥ho (vhat agency or group) prepared the schedule for the implementa-

tion phase of this project?__ _Bihar State Electricity Board (Civil

Works) - Invest Import of Yugoslavia (rower'Stntion) .

——




Questionnaire -8-

Part 1I. Project Scheduling and ldentification of Delays, Continued

5)

On what Jates did the followiny events actually occur?
s) Implementation phasc of project actually started® January, 1959,
b) Foreign exchange portion of funds committed by government

June 30, 1960

—— A — —————— o s et b+ Wt o @

-
H

¢) Final approval of project by government ___June 1958 - o .

—

d) Cround breaking_ FPebruary 1959 .

e) Start of production (plant "on-line") September 1963, October 1963.

£} Czpacity production achicved (implementation phase ended)

October 1,”1*963 (Unit __l_)ow_ﬂ_gy_a_m_b_e_r.‘_l%.'! (Unit 2) .

- -

——— o — -4 S —— - — e ¢ -

#See definition of "implementation phasze.”

6)

L)

On what date was tt;c project originally scheduled to start pro-

duction (go on-line)? November 1961 (Unit 1) March 1962 (Unit 2).

On what date was the project originally scheduled to reach full

capacity production? Same as 6) .




11. SAMPLING PROCEDURE FOR QUESTIONNAIRES

The object of the sample design is to ensure that a representative
cross section of kinds of industrial plants important to the development
process are surveyed in a varicty of developing countries and geographical
sreas. The sampling procedure is laid out in Exhibits 1 through 4 which
follow. Exhibit 1 presents a matrix indicating the numbers of each type of
plant to be sampled in each class of country in each geographical area.
Exhibit 2 presents a description of the various types of plants to be sur-
veyed. Exhibits 3 and 4 present the classifications of developing countries

and the description of geographic areas, respectively.

Selection of Individual Plants

Questionnaires are to be completed for 104 individual plants, all
of which are to have been finished after January 1, 1960, in a variety of
industries and countries. Following are two examples of how to interpret
Exhibit 1 for the selection of plants to be sampled.

Example 1:Sixteen electric power plants are to be surveyed as follows:

2 in Latin America and West Indies Class I countries

2 in Southern and Southeastern Asia Class I countries
2 in Latin America and West Indies Class II countries
1 in Africa Class II country

1 1in Southern and Southeastern Asia Class II country

1 in Latin America and West Indies Class III c;untry

1 in Africa Class III country

1 in West Asia Class III country




Questionnaire

. Part II. Project Scheduling and Identification of Delays, Continued '

8) Referring to the project schedule for the implementation phase, list

below the "major activities" (refer to definition) of Stage 1 --
detailed project planning. Also list the planned or scheduled

time duration for each major activity, in months, and the actual

time duration experienced.

(1)
Major
Activity
Number

()

Lescription of Major
Activity

Detailed scheduli

available on this project prior tof contract

signing.

The bar char'ts start at that point.

General scheduling inﬁormation, hojrever, was

found in the project
fn the description of

ile and is ihcorporated
the project

nder Case

(3) (4) (5) (6)
Planned Actual Difference | X Difference
Duration |luration (4)-(M (5)/(3)
(Months) | (Months) e
informatioh is not

[



|

kestionnaire -10-

Part 11, Continucd
. Stape 1 -- detafled project planning, continued '

(1) (2) (3) (4) (5) (6)

Major Planncd Actual Difference | % Difference

Activity | Description of Major | Duration | Duration (4)-(3) (3)/(3)

hunber Activity |_(Months) | (Months) _

Cem.

-
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. Part 11. Project Scheduling and Identification of Delays, Continued

9) List below the major activities of Stage 2 -- Procurement only (im-

c¢luding design, manufacture, shipping).

(1) (2) Q) (4) (5) (6)
Major Planned Actual Difference | X Differcnce
Activity | Description of Major | Duration | Duration (4)-(3) 38/ (3)
Number f Activity (Months) (ionths) I_ e
(1) Boiler framework 13 20 7 55
Galleries & stair caaLa 14 14 0 0
(5) Super heater 16 23 7 43
‘ Economizer 16 16 0 0
(11) Forced draught fans 19 25 6 32
12 Cole & warm air lines 10 26 3 30
; Bricking 11 10 0 0
17 Induced draught fans 18 17 0 0
§ 18 Flue gas dust separatdpr 20 20 0 0
3 19 Chimney 16} 16 0 0
& Flue gas duct 21 20 ‘ 0 0
o @ Boiler shuting 18% 26 7% 40
] 3 11 12 1 9
23 7 8 1 13
1 26 10 10 0 0
25 8% 8 0 0
g 26 20 19 0 0
3 27 ' 18} 18 0 0
3 28 124 12 0 0
29 _ - 16k 17 k 6
30 Pump station 14% 15 X 5
k3 Crane 16 17 1 7
32 17% 17 0 -0
v 16} 17 y
v @ Turbine : 18 20 L) 3o
' P 19% 18 0 -0
36 P 19% 17 0 .-
37 20 21 1 S
3 Alternator 1 23 23 0 -0
40 24 22 0 -0
41 L) 6 1 20
42 17 17% 5 3
43 : 21 20 0 i -0
&4 19 19 0 I -0
43 20 18% 0 -0
46 20 18% 0 -0
&7 20 18% 0 -0
f 48 23 22 0 -0
49 18 18% k 2
‘ 30 17 17 ; 0 -0
31 Cables 19 18% t 0 -0
i
|
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. Part 11, Continucd
Stage 2 -- bidding, contracting and procurcment , continued,
Q) (2) 3) (4) (5) (6)
Major Planned Actual Difference | % Difference
Activity |[Description of Major Duration | Duration (4)-(3) (5)/(3)

_Kumber Activity (Months) : (Months)

. . Fos SR, v




Part 11,

Questionnaire
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Project Scheduliny and Identification of Delays, Continued

10 ) List below the major activitics of Stage 3 -- construction and

£

start up.
(1) ) ) (4) (5) (6)
Major Planned Actual Difference | % Difference
Activity | Description of Major | Duration | Duration (4)-(3) (5)/(3)
_Kumber Activity (Months) | (Months) . —
1. Civil Construction
Preliminaries
1(a) Drilling for aoil samples 14 14 0 0
Land
2 Purchase 24 26 0 0
Railvay Siding
a) Layout of track 24 42 18 75
b) Earth work 22 33 11 30
Roads & Culvert* _
. a) Roads in station area 15 ) 9 60
b) Colony roads 21 33 12 $?
c) Temporary approach roads 36 42 6 18
Permanent Non-
Residential |
Buildings
(a) Inspection bungslow 12 13 1 9
b) Mninistrative building 8 26 18 223
S$(c) Permanent store (3) 13 13 0 0
Permanent Residen-
tial Buildings
6(a) $ix-roomed house 8 s 0 0
6(db) ive-roomed house (2) 8 8 0 0
6(c) our -vroomed house (2) 11 11 0 0
(@) {Io-roomed house (90) 32 32 0 0
6\e) Foreign tech. house 9 16 7 "
Pencing i
7(a) jfover station area 10 20 10 | 100
@) Colony quarters 24 36 12 | 30 f
Water Supply
a) be well 2 3 1 30
’ b) verhead tank 24 36 12 30
8(c) fstribution mains 9 9 0 0
&xa) Temporary supply 3 48 13 3




Questionnaire -24-
[ Part 11, Continued
Stage 3 -- coustruction and start-up, continued,
(1) (2) (3) (4) () (6)
Major Planned Actual Difference %2 Difference
Activity | Deecription of Major | Duration | Duration (4)-(3) (5)/(3)
_ Kunber Activity (Months) (Months)
Civil Cons truction,'
Continued
Rain Water Drainaﬁh
9(a) Pucca open drain 12 na .- .-
9(b) | Pucca covered drain 12 na .- .
9(c) Zarthen drain 12 na .o .
9(d) Pump house & system 12 ) .- .-
(e) Fall out arrangement 12 na .- .-
£) Temporary drainage 24 36 12 30
Central Plant Work‘l
a) Pile foundation 2 3 1 50
b) Foundations 9 12 3 »
£c) i Crusher house 10 13 3 30
. 4) ! Cooling towers ¢ 8 2 3
e) ! Pump house ] 164 6 75
£f) Main power station 12 19 7 1 ]
building j
1I. Brection of
Pover Station
1 Boiler framswork 2 2 0 0
2 2 2 0 0
3 1 1 0 0
& 3 4 LY 12
S 3 4 LY 12
é 3 4 ¥ 12
? 1% 1% 0 0
8 3 3% 0 0
3% 3 0 0
10 2 2 0 0
11 1 1 0 0
12 3 3 0 0
13 [} 3 0 0
14 4 -& 0 0
@ 1} 1) o 0
Bricking ) 9 3 50
() 1 1 0 0
18 2 2 0 0
19 2 2 0 0
20 2 2 0 0




I1.

111,

Questionnaire

e lia - .

Lise b.elow tﬁe major activities of Stage 3 -- construction and

start-up, continued

(1) (2) 3 (4) (3) (6)
Major Planned Actual | Difference | % Difference
Activity Description of Major Duration Duration (4)-(3) (5)/(3)
Bumber Activity (Weeks) (Veeks)

Erection of

Power Statiop,

Continued
21 1% 1% 0 0
22 2 2 0 0
23 Regulation 3 3 0 0
264 Feed punps | 3 0 0
25 3\ 4 5 12
26 3 3 0 0
4} b 3 0 0
28 (Y [ 0 0
29 3% 3 0 0
30 L} 4 0 0
k) b | 3 0 0
32 b1 3 0 0
33 3 3 0 0
3 1 b ] 0 0
35 b1 [ 3 Y 12
36 b} 3 0 0
» b | b ] 0 0
3 Measuring equipment 2 2 0 0

Erection of
Switch Gear
39 Alternator 1 3 3 0 0
&0 2 2 0 0
41 . .o .- .
L} | 4 [ 0 0
43 3 3 0 0
& 8 9 1 12
43 b | b ] 0 0
46 b | 3 0 0
&7 3 b} Y 12
1 ] ' 2 2 0 0
49 Compressed air in- 4 ) 0 0
stallstion

30 Accu-Battery 2 2 0 0
)| Cables ) 9 0 0
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. Part 11. Project Scheduling and Identification of Delays, Continued
11) List below the major activities of stage 4 -- build-up to capacity
production.
(1) (2) ) (4) (5) 6)
Major Planned Actual Difference | Difference
Activity | Description of Major  Duration |Duration (4)-(3) (5)/(3)
Number i _ Activity t _(Months) | (Months) _
— ci —
Not applicable to '
conventional thermal
power station.
|
]
"Delay" has been defined earlier to mean "falling bekind schedule 25%
or more of the planned time of achievement."
Wherever a number of 254 or larger appearc in column (6) of the above
listings for any of the four stages, circle the corresponding activity
number. These are the activities wz will consider to have been delayed, !

In the following part of thia questichnaire we seek the reasons for

t these delays.

b w—




-

Questionnaire
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Part 1I. Project Schedulinpg and Identification of Delays, Continued

12) List below the 5 delays that in your judgment made the greatest
contribution to the total delay of the project. Put them in what
you estimate to be the order of their magnitude of contribution to

total delay and estimatc their contribution in months.

Contribution to Tatal

Number b _Delay Delay (Months)
1. Invest Import hold up 7
shipment waiting for dinar
payment.
2. Waiting for aite plan. ¢
. 3. Steinpudler holds up ship- 2

ment of boiler waiting for
letter of credit,

4. Mling and foundations held 2
up by high aubsoil water,
s. Waiting for replacement of ‘3

importad refractories.
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Part I11. Reasons for Delays

(If no deleys were icentified in Part II, skip this part.)
Couplete the following sections only for these major activities that
wvere delayed, that is vhere 257 or a greater number appeared in col-

uin (3) of Part II of this questionnaire.

- _

1) Stage 1 -- detailed project planning.

1) 2 (3) (4)
Major % Delay
Activity Description cf Major (Colurin (6) | Cause of Delay. (Please he spec!fic
Nurmber Activity of Pert 11) | and detailed., Use extra sheets 1f

fecessary.)

- —— . - ————

Detailed scheduling igformation is got available

on thil project prior|to contract signing. The

bar charts start at that point. Geperal scheduling
information, however, [was found in the project file

and {s incorporated iy the description of the project

under Case 1.




RS

A

. 1 in Southern and Southeastern Asia Class III country
1 in Latin America and West Indies Class IV country
1 in Africa Class IV country
1 in West Asia Class IV country

1 in Southern and Southeastern Asia Class IV country

Example 2: Four machine tool plants are to be surveyed as follows.

2 in Latin America and West Indies Class I countries

2 i{n Southern and Southeastern Asia Class I countries

Basis of Selection of Types of Plants to be Surveyed

The types of planfs to be surveyed were selected to meet the
following criteria:

. a. A single plant is an important project, with the investment
per plant always exceeding $1 million and sometimes exceed-
ing $50 million (in fact, plants less than $1 million should
not be surveyed).

b. The plants represent the main industrial sectors included in
UNIDO's International Symposium on Industrial Development
(Athens, 1967) and most of the “"gelected industries' for
which data are published in the "World Summary" section of
the United Nations Statistical Yearbook.

¢. Many of the plants represent the strategic industries that
because of linkages to other activities are important in the
economic development process.

d. Plants represent various types of production processes, such
as continuous liquid processing, continuous solids processing,
and assembly lines.

e. The plants are representative of a variety of industries so
that some of the plants are likely to be locally owned, some
are likely to be joint ventures between local and foreign
owners, and some are likely to be wholly foreign owned.
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Part 111. Reasons for Delays, Continued

-18-

2) Stage 2 -- _Procurement only (including design, manufacture & shipping)
(1) (2) (3) (%)
Major % Delay
Activity Description of Major (Colunn (6) | Cause of Delay. (Plecase be specific
Nurber Activity of Part 11) | and detsiled. Usc extra sheets if
necessary.) _ .
1 Boiler frame work 33 Confusion in procurement from
: M/s. Steinpudler, West Germany.
Although boiler and ancillary
equipment was manufactured on
schedule, its shipment was delayed
about 7 months until a letter of
credit was opened in the U. 8.
] Super heater ¥ " " "
2 Boiler sheeting 40 " " "
11 Yorced draught fans 32 $low dovn by Import Invest of
- Yugoslavia
12 Cold end varm air um+ 30 " " "
3% Turbine 3 " " »




f
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' Part 111. Reasons_for Delays, Continued
3) Stage 3 -- construction and start-up.
(1) (2) 3) (4)
Ma jor % Delay
Activity Description of Major (Column (6) | Cause of Delay. (Please be specif:
Nunber Activity "I of Part II and detailed., Use extra sheets if
e necessary.) .
I. Civil Con- {
struction
3(a) Layout of track 75 Waiting for site plan drawings.
i) Earth work 50 " " " " "
h(a) Roads in station area 60 " " " " "
&(d) Colony roads $? " " " " "
3(b) AMdministration buildin 225 Waiting for imported hardware and
plumbing fixtures
6(e) Foreign technician hou 77 " " " " "
7(a) Fencing station area 100 Waiting for site plan drawings
7(db) Fencing colony area $0 " " " " "
Water supply
' 8(a) Tube well 50 Waiting for imported parts
.» 8(db) Overhead tank 30 Delayed by tube well
8(d) Temporary supply 3 Delayed by tube well
9(f) Temporary drainage 30 Waiting for site plan drawings
Central works
10(s) Pile foundation 50 Inadequate exploration of soil
S 3 data and piling well foundations
10(d) Foundations k] " " "
10(c) Crusher house 30 " " "
10(d) Cooling towers kX ) " " "
10(e) Pump house 75 " " "
10(f) Main power station 58 " " "
building
II. BErection of
Jower Station
16 Bricking 50 Imported refractories arrived
broken and had to be replaced
from Yugoslavia
:
¢
&+
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. Part 111, Reasons for Delays, Continued
4) Stage & -- build up to capacity production.
(1) (2) (3) (4)
Ma jor % Delay
Activity Description of Major | (Column (6) | Cause of Delay. (Please be specif:
Nunber Activity of Part 11) | and detailed. Use cutra sheets {{

necessary.)

e

- -

Not applicable to con#ontional

thermal powar station




estionnaire
2

Part 1I1. Recasons for Delays, Continued

$) 1If no formal scheduling procedure was used for this project,

please give below as much information as you heve about delays,

their tine and causes.
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Part 1V. Project Cost Information

1) Total projcct investment (actual, if different from planned)*

($6,560,000)%*  Actual Cost = $9,002,000.

Major cost clements: (Actual)

Land___ $650,000

- -—

Land preparation $365,000

-——

Non-residential buildings and plant__$2,118,521

Capital cquipment___ $3,200,000

-

(Residential Bldgs.)Housing $447,000

Roads, railroads & access__ §$1,501,479 _

Water $228,000

Power_ __Nil

— e . -— -

Fees and scrvices $110,000

Other __ =--

2) Foreign curreacy component of project (actual) $3,800,000

3) Local currency component of project (actual) ($2,760,000)%* Actual=$45,202,000
_ Development Loan Fund of
4) Source(s) of foreign currency (or lending agency) USA (later AID).

-

. PL 480 Title I loan of
$) Source(s) of local currency (or lendiing agency)___ counterpart rupee funds.

6) Terms of foreign currzency loan (if any)___34% repayable in Indian Rs.

in 39 semi-annual installments from August 1963 to August 1982,

7) lerms of local currency loar (1€ any) 7% fof 15 years.

o~

%Includes #11 cost elements smuch as housing colony, land, road
fmprovcreuts. owned power supply, and so forth, that are required for
the successful ccupletion and opcraticn of the project.

**Planned cost.

Py
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8) On what date was the foreign capital component of the investment

for this project allocated? June 30, 1960 . Was it unavailable

for other projccts thereafter? Yes .

9) Was all or part of the foreign exchange component of the investment

committed on the above date? Please explain All committed on

June 30, 1960 .

10) Additional comments or information that respondent feels may be

helpful to UNIDO in this study.




11)

12)

1))

14)

[Q:cstionnai re -24-

Name of person(s) filling out this questionnaire

Maurice Kilbridge

Title and affiliation Professor, Harvard Business §

et g -

Mailing address Boston, Mass. 02163

Date October 17, 1968 .




Case 2: Mesa Verde* Cement Plant (Latin America)

The Project

The Mesa Verde Cement Plant is in a Latin American country.
It manufactures cement by the dry process and consists of a dry-process
kiln with varied equipment including a raw material conveyor, mill,
cement conveying equipment, packing plant, and electrical generating
plant. This plant was built at the site of an existing cement plant owned
by Mesa Verde, S.A. Residential facilities were not built as part of
this plant,

The project was financed partially by Mesa Verde, partially
by an international lending organization and partially by foreign suppliers'
credits, The 1ntefnationa1 lending organization provided lending
commitment against which the Mesa Verde Company could withdraw funds as
needed. The total cost of the project was $4 million and approximately
$2.4 million on this was for imported material and equipment. The
foreign exchange for this material and equipment was provided by a $1,600,000
loan from the international lending organization and by a $800,000 credit
from equipment suppliers,

Overall responsibility for the work for the project rested
with the engineering department of the Mesa Verde. This engineering
department obtained and analyzed the equipment bids and decided with
vhich company to place the orders. The major equipment items were
purchased in Europe and the design of the equipm;nt was carried out by
the equipment suppliers. Some of the civil engineering design work was
subcontracted to engineering consulting firms within the Latin American

country. The construction of the project was handled by the Mesa Verde

#Name disguised.

ez

P N o __—_A_____.—_-—___—_—————_-_-A
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but the major equipment suppliers provided an erection supervisor
to supervise the installation and startup of the equipment,

Delays in Implementation

Project work began in May 1964 with the intention of
completing the project in December 1965 and reaching full capacity
in March 1966. The plant actually started production in December 1966
and it was December 1967 before the plant reached capacity output.
This falling behind by one year in the planned time in
completing the plant is attributable primarily to major delays
during the Planning and procurement phases of the project. The nine-
month delay in the plant's reaching capacity output is attributable to
equipment problems experienced with a major peice of equipment, and in
the time needed to make arrangements to sell the output of the plant
once the equipment problem had been solved,

. The major source of delay in the planning and procurement
stage was the decision to change the scope of the project by buying
one 2500 kilowatt steam turbine rather than two 1,200 kilowatt diesel
generators, as had originally been planned. This extra cost had to be
met by extra supplier's credit and approval had to be obtained from
the international lendiﬁg organization, During the negotiations to
buy the one steam turbine rather than the two diesel turbines a decision
vas made to increase the size of the steam turbine to 3500 kilowatts,
which again increased the Price. Negotiating this purchase and obtaining

the necessary approval from the international lending organization

delayed the project by 8 months, During this delay some of the equipment




Ihe Cost of Delayg

For this plant the cumulative delay in project completion
vas from March 1, 1965, to September 3, 1965, or a delay of 6 months.
Yor an astimate of the cost of this delay in completing the project,
refer to Exhibit 8 under Part IV, Analysis of Completed Questionnaires.
8ince neither the foreign exchange component nor the local exchange
component of the investment was committed at the start of the project,
tha investment was made on a pay-as-you-go basis. If a 15% discount
rata 1a used, the reduction in net worth due to delay in completion of
the project is about 2.5% or $80,000. (This is listed in column (2]
under "Delay in Project Completion” under the 15% Discount Rate).

Using the same table we determine that the S-month lag
(8eptembar 1965 to February 1966) in reaching full capacity production
aftar the plant was onstream reduced the net worth of the project Sy
approximately 6% or approximately $200,000. (See column (2] under sub-
heading, "Time to Reach Full Capacity Production”; 7% is shown for a

6-month lag so0 a S-month lag would ba approximately 6%.)

Thasa two factors combined to reduce tha net worth of tha

project by 8.5% or $280,000.




Although two plants are seldom identical, to have comparable data
it 1s desirable to survey plants that have approximately the same facilities
as other plants of that type. The main variables affecting comparability of
plants are capacity, extent of facilities in terms of vertical and horizontal
integration, and whether it is an extension of an existing facility, or built
alone. The questionnaire 1s designed to reveal these key variables for each

plant.

asis of Selection of Croups of Countries and Size of Sample

The numbers of plants were selected to reflect both the incidence
of such plants in the developing world and the incidence of developing countries
containing the plants. The sample size, however, is not necessarily directly
proportional to the number of plants in the developing world nor to the number
of developing countries containing the plants.

Several types of countries and geographical areas were selected in
order to enable comparisons to be made among plants built under varying condi-
tions. The proportion of the sample tc be surveyed in each type of country
and in eqch geographical area was selected to ensure adequate representation

of the various types of countries and geographical areas.

Procedural Suggestions

The following ﬁrocedure is suggested for having the questionnaires
completed:

1. UNIDO to select a number of countries of each of the

four types shown in Exhibit 1 "Matrix for Sample Survey."




UNITED NATIONS INDUSTRIAL DEVELOPHENT ORGANIZATION

Questionnaire

DELAYS IN TMPLEMENTING INDUSTRIAL PROJECTS

This questionnaire 1is part of a study being conducted by the United
Nations Industrial Development Organization for the purpose of learn-
ing wmore about the causcs and costs of delays in implementing indus-

trial projects in developing countries,

The questionnaire has been sent to you for the préjcct named below

on_the basis of a random sclection and not because of any knowledpe

of delays in this project.

Project name___ Mesa Verde Cement Plant¥*

Country Latin Americ__:

o
o

Once filled in this questionnaire will be kept confidential. Specific
project Information will not be divulged. Only totals, averages and
general observations will be published.

You are asked to complete this questionnaire as promptly as possible

end return it to the United Nations_Industrial Development Organiza-

tion, Felderhause, Rathausplatz 2, 1010-A Vienna, Austria.

Thank you for your assistance,

*Name disguised.




Questionnaire -2-

Pefinition of Terms Used

“Implementation Phase"

The implementation phase is taken to be the work starting
vith detailed project planning and design, through construction and
start up, to the time when the project is functioning in a satisfactory
manner at, or ncar, its rated capacity. Thus, the decision to invest
is assumed to have been made; the product, gencral process, scale,
market, financing methed, and general location have been decided
upon. Government approval is assumed, at least in principle, and the
{investrent funds, including foreign exchange, are assumed to be
allocated and available. At this point implementation begins. It
includes site sclection, detailed design of the project to accommodate
it to the site and to final engineering changes, bidding, contracting
and procurement, construction, production start-up, and build-up to
capacity.

"Delay

Project delay is defined to mean falling behind schedule
25% or more of the planned time of achievement for any major activity
of the pruject. :

“"Activity"

Activity is used in the precise meaning it has in bar chart
scheduling or nctwork scheduling. It is assumed that every large
scale industrial project will have been scheduled with one of these
wethods. Figure 1 shows the meaning of activity as used in thlese
scheduling mcthods. An activity is a logical subdivision of the
project work that can - scheduled as an entity becauvie it is
distinctly different from that which precedes or follows it, Thus,
the simplc tar chart of Figure 1 shows Activity A of one week
dvration, Activity 3 of 8 weeks duration, and sv forth. The simple
network illustration shows activity 1, Purchase Pumps, of 5 months
duration, activity 2, Install Pumps, of 7 months duration, and
sctivity 3, Dewater Site, of 8 months duration.

"Major Activity"

A major activity is one that is scheduled in months, rather
than days or weeks; that is, an activity whose planned durativa is or
least one month. Since this study covers only large industrial
projeccts of over $1 million value, and implementation periods
ranging from about one to eight years, it is neither necessary nor
desirable to investigate delays in activities shorter than this.




Questionnaire

. Definition of Terms, Continucd

“planned Time of Achievement"

The planned time of achievement is not necessarily measured
by calendar dates; that is, day of the wee: or month, but by time
duration, or number of days. Thus it is possible for a major activity
to be completed later than the scheduled calendar date and still not,
in itsclf, be a "delayed activity,”" in the meaning of the definition
of this study. This could happen if a previous activity were delayed,
thereby moving back the starting date of the referenced activity.
Another way of putting this point is that delays are not necessarily
cumulative. Each major activity is judged with respect to its
planned elapsed time, as shown on the original schedule (or any
revisions thoreto made prior to the start of the referenced major
activity) and not with respect to the calendar as such.

With thic meaning, then, it is possible that an industrial
project may suffer delay in one or more major activities and yet be
completed by the scheduled date. The study is designed intentionally
to include this possibility, for otherwise some important instances of
delay may cscape the survey. On the other hand, it is not possible for
8 total project to fall 257 or more behind schedule unless one or more
of its major activities docs so.
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Figure 1 - Meaning of Activity
Simple Bar Chart
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. |[Questionnaire 5
Part I. General Project Informaticn
1) Country Latin America . 2) froject name Mesa Verde Cement Plant
State or province -~ .
3) Project ownership
Public (Agency or Department) - e
Private (Corporation name) Mesa Verde, S.A. .
Joint public-private - .

4) Implementing agency (ies) -

5) Prime contractor(s) Owner; major equipment vendors provided erection

supervisors for the equipment.

6) Type of contract (describe) Owner signed fixed price purchase

_orders for equipment. ' .

7) Project description Cement plant using dry process to make Portland

cement. Includes kiln, milling facilities, lgg electrical generating

capacity.

8) Products to dbe produced Portland cement

9) Planned annual capacity 130,000 tons .

10) Planned total employment at full cupacity 100 (pro rata share of total at

factory site).
11) Comments or explanations for any of the items of Part I (if necessary)

Jhis plant was built at same site as an existing cement plant

-

owned by same company.

-—— —
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In the nex
divide the

Stage 1.

‘;uestionnaire
-6~

t two parts (Parts 1I and 111) of the questionnaire we
project implementation phase into four stages:

Detailed project planning (including site sclection,

Stage 2.
Stage 3.

Stage 4.

7

-

detailed engincering design, and cost estimating).

Bidding, contracting and procurement .

Construction and start-up.

Build-up to capacity production.

We realize it is not always possible to divide project work into these

four stages.

1f you find you cannot do so for this project, please

change the stage definitions above and on the following pages to

oncs that you can use syctematically for the rest of the questionnaire.

|

If neither a bar chart nor a network schedule was made for

the luplementation phas. of this project, do not attempt to

-

£i11

nut the activity listings ou the following pcges. Turn

dircctly to pag: 21 at the end of Part 111 _and provide vhat

general information you can. Also please complete page 8.




Questionnaire | --

part 11. Project Scheduling and ldentification of Delays

1) W¥as a bar-chart (or Gantt chart) schedule prepared for the

implementation phase of this project?___Yes .

2) ¥as a network (or PERT or CPM) schedule prepared for the imple-

mentation phase of this project? No .

3) 1If neither a bar-chart nor a retwork schedule was prepared for the
implementation phase of this project, describe the scheduling

procedure that was uscd.

1f 1t s ava}lable, we would appreciate receiving with this -_1
questionnaire a copy of the project schedule for tae impleneutation
pbasc as it stood at the bepinning of that phase. 1t may be
abbreviated, if desired, to include only Jnajor activities" as

defined in this questionnaire.

4) W%ho (what agency or group) prepared the schedule for the implementa-

tion phase of this project?__ Mega Verde's engineering depaxtment. .

-

o |
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Jost 11.  Project Scheduling and Identification of Delays, Continued

. . 12) List below the 5 delays that in your judgnent made the greatest
eontribution to the total delay of the pruject. Put them in what
you estimate to be the order of their magnitude of contribution to

total delay and estimate their contribution in wonths,

Contribution to Totel

Pumber __Delsy Delay (Months)
| Build up to capacity
operations ’
2. Obtain and analyze bids;
place equipment orders,
have equipment delivered:
Power plant [ ]
. 3. Pour foundations ]
4. Test drill for limestone
reserves ) |
s, Write cpeéificatiam for :
: equipment 1




Questionnaire ﬂ\

e

-1)-

r.e.t.t.l.l_l.-....B:».ﬂﬁ.qng._f_er.“bs.l‘a.y:.

(1f no declays vere {dentd fied in Part II,

e

Counlete the following

were delayed,

L

scctions only for those major

that {s where 257% or a greater nucber appeared in col-

wan (6) of Part I1 of this questionnaire.

Ay

1) Stage 1 -- detailed project planninz.
) (2) 3)

Ma jor % Delay
Activity Description of Major (Colunn (5)
Murbder Activity of Part 1I)

) § Write specifications %0
for equipment
¢ Test drill for lime- 100

stone reserves

skip thil part.)

——y

activitics that

4

(Please be specific
Use extra sheets 1¢

Cause of Delay.
and detailed.
necessary.)

v e T —-—

Approval of general manager
was slow in being obtained.

Consulting engineer took longer
than promised.



Questionnaire

post 111, Reasons for Delays, Continued

18-

2) Stage 2 -- piddinr, contrecting and procurcrent.

(1) (2) (3)
Ma jor % Delay
Activity Description of Major | (Colurmn (6)

0

(Please bhe specific
Use extra sheets If

Cause of Delay.

i o i i i o e et =

Number Activity of Part I1)| and detailed.
—— necessary.)
tain and analyze bids
lace equipment orders §
ave equipment delivered
? i1ln 30

Change made in kiln design. Also,
there was a delay in financing
because of higher costs of kiln
than originally estimated. This
delayed placement of final order
for kiln.

There vas a delay in financing becaus
of higher costs of mill than origin-
ally estimated. This delayed place-
wment of final order for mill.

Scope of project changed first to
use em steam generator rather than
2 diesel generators, and second,
to increase the electrical
generation capacity.
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-19-
Posxt 111, Reasons for Nelays, Continued
3) Stage 3 -- gonstruction and start-up.

(1) (2) (3) (4)
Ma jor % Deley
Activity Description of Major | (Colunn (6) | Cause of Delay. (Please be specifi
Number Activity of Part 11 and detailed. Usc extra sheets {[

— necessary.)
36 Pour foundations 67 A change in the design of the kiln

delayed the kiln foundation draw-
ings; this in turn delayed the
construction of the foundations.
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Part 111. Reasons for Delays, Continued
&) Stage & -- build up_to capacity production.

Q) (2) ) (“)

Ma jor % Delay
Activity Description of Major | (Column (6) | Cause of Delay. (Please be specif:
Nuniber Activity of Part II) | and detailed. Use extra sheets if
necessary. ) —
30 Build-up to plant
capacity 300 Trouble was expaerienced with the

mill, Finally, a new part had to

be obtained from Europe. This delay
in turn affected the sales commit-
ment which could be made for plant
output. Thus, even after the plant
was capable of producing at design
capacity, it took some months to
obtain the necessary sales to operat:
the plant at the nominal capacity.

" -




F;weltionnaire .
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Jags i1 Reasons for Delays, Continued

$) 1If no formal scheduling procedure was used for this project,
pleasc give belov as much information as you have about delays,

their time and causes.




"IQuestionnair
< matre -22-

Part IV. Project Cost Information

1) 7Total project investment (actual, 1f different from planncd)*

$4.0 million

Major cost elements:

Land__ already ayailable

Land preparation $10,000

- Non-residential buildings and plant_$50,000

Capital equipment $3,330,000

Housing -

Roads, railroads & access $10.000_‘

Vater already available

- —————

Powver  s600,000 . _ . ___ -

Fees and scrvices -

Other

- - — ——

2) Foreign currency component of project (actnal)_$2,400,000

3) Local currency component of project (actual) 1,600,000 L
, ‘suppliers credit plus an inter-
4) Source(s) of foreign currency (or lending agency)national lending organization

-————

3) Source(s) of local currency (or lending agency) Owner

-——- —

€) Termc Af forefon currency loan (if any)_Suppliers credits for $800, 000
' payable ir equal quarterly installments over a 3 1/2 year period;
international lending organization $1,600,000 for 10 years at 7 1/2%.

7) Terms of local currency loan (if any) None

- - -

GO > Emw— . - o — ——

*Tncludes 211 cost elements such as housing colony, land, road
improvencuts, owned powe: supply, and so forth, that are required for
the successful ccupletion and operation of the project.




Questionnaire ‘ -2}

8) On wlat date was the forcign capital component of the investment

for thir project allocated? May 1964 ‘ » Was it unavailable

for other projects therecafter? No .

®) Vas all or part of the foieign exchange component of the investment

committed on the above date? Please explain No

10) Additional comments or information that respondent feels nay be

helpful to UNIDO in this study. '

Because the equipment arrived later than had been scheduled,

a considerable amount of overtime was worked in order to ensure

that the installation of the equipment was done promptly.
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Name of person(s) filling out this questionnaire

Ing. Pablo Blanco

Title and affiliation Chief Engineer, Mesa Verde, S.A.

Mailing address Apatado 123, La Ciudad Grande Latin Americas

I ——

Date __QOctober 15, 1968 ¢



Case #3 - Eastern Plastics Petrochemical Plant®

The Project

The Easte'rn Plastics petrochemical plant is located in an
Asian Country. This plant manufactures polyvinyl chloride from vinyl
chloride monomer. Housing was not included as part of this project.
Its capacity 1s 20,000 tons per year.

The plant is owned by the Eastern Plastics Company, which
vas formed as a joint venture between foreign and local capital. The
funds for the project were not set aside but were provided by the parent
companies to the Eastern Plastics Company as they were needed during the
course of the project,

The engineering design work for the project was carried out
by Transnational Engineering Corporation.* This company was selected for

this job on the basis of its international reputation. The contract was

on the basis of cost plus a fixed fee. Transnational was responsible for

the selection of the process design to be purchased, completion of the

process design not included in the process design package, procurement

of all equipment, detailed engineering work, and construction. Equipment

wvas purchased in both the U.S. and Europe; some items of material were
purchased locally.

Delays in Implementation

The government approved the project in April 1962. Prior to
this time the company had been negotiating with several engineering

companies. The contract for the engineering and construction work

fName disguised.
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Questionnaire

-8-
. part 11. Project Scheduling and ldentification of Delays, Continucd
5) On what dates did the following events actually occur?
a) Implerentation phase of project actually started* May 1964 .

») Foreign exchange portion of funds cormitted by government -

-—

o ot o . e e _— - - -———

¢) Final approval of project by government January 1964 .
d) Ciound breaking_ March 1963 _ .
e) Start of production (plant “on-1ine") Deceuer 1966 .

£) Capacity production achieved (implementation phase ended)

“Bgcembez_1967 .

- - -—— — - i ©

#gec definition of "implementation phase.”

6) On vhat date was the project originally scheduled to start

production (go on-line)? December 1965 .

7) On what date was the project originally scheduled to reach full

cepacity production?_March 1966 ‘ .




\ — s

vas placed with ¥ransnational on August 1, 1962. This is the date
considered to be the start of the implementation phase. The project

was scheduled for completion on March 1, 1965, and was scheduled to reach
design output on April 1, 1965. The plant started production in September
1965 or a delay in completion of 6 months. It reached design output on
February 2, 1966, some 10 months after the schedule time and some 5

months after the completion of construction. The most important delay
occurred during the procurement of the equipment. First, the decision

vas made to purchase all of the equipment of one type from one vendor in
order to save money on the purchase of the equipment. This meant that the
delivery of the equipment was spread over a long period of time rather
than concentrated in a short period of time as had originally been
scheduled. Second, there was a delay in approving the vendors' drawings
for the reactor because this was a complex pressure vessel and negotiation
vith the vendor took longer than expected.

There was an initial delay in the project of about 2 months in
purchasing a process design package because of the negotiations that took
place with the firm providing this design.

The manager of Eastern Plastics made arrangements to import
product when he saw that the plant completion was running late. He mis-
estimated the amount of product to be imported, and, therefore, when the
plant started operation, he had an excessive amount of material on hand

or on order. This resulted in the delay in bringing the plant up to full

design capacity.



¢

was already on order and was being manufactured. Thus, some equip-
ment was delivered a number of months before the generating plant was
delivered, A part was held up pending financing approval.

A second major source of delay in the planning and procure-
ment stage was the time taken to analyze the kiln and mill bids and re-
negotiate the loan with the international lending organization. This
equipment cost more than originally estimated; hence, this necessitated
an increase in the suppliers' credit and further negotiation with the
int'ernational lending organization.

Another source of delay was in the test drilling of the
1imestone reserves. This test drilling was required before the inter-
national lending organization would extend the financing.

Only minor delays were experienced duriﬁg the construction
phase of the project because the construction crews worked overtime in
an attempt to make up the time lost during the early phases of the
project.

The Cost of Delays

Not all of the delays encountered contributed to the cumula-
tive delay of the project because some of these delays were not on the
“eritical path." In other words, some delays were more or less inde-
pendent in time from other activities, or they did not hold up the
sccomplishment of other activities critical to the completion of the

project. For the Mesa Verde Cement Plant this cumulative delay in

project completion was from December 1965 to December 1966, or 12 months.

Por the cost calculations, refer to Exhibit 7 under Part IV, Analysis
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of Completed Questionnaires. Since neither the foreign exchange
component nor the local exchange component of the investment was
committed at the start of the project, the investment was made on

& pay-as-you-go basis. If we use a 15X discount rate, which is a
reasonable one for an industrial project such as this, the reduction
in net worth due to delayed completion of the project is about 3% or
$120,000. Next, to determine what the cost of the one-year period
in reaching full capacity production was, we look under "time to reach
full capacity production"” and this shows a reduction in net worth of
the project by 10Z; hence, this tells us that this lag reduced the
net worth of the project by $400,000, These two factors combined

reduced the net worth of the project by 13% or $520,000.



UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION

Questionnaire

DELAYS 1IN IMPLEMENTING INDUSTRIAL PROJECTS_

This questionnaire is part of a study being conducted by the United
Nations Industrial Development Organization for the purpose of learn-
ing more about the causes and costs of delays in implementing indus-

trial projects in developing countries.

The questionnaire has been sent to vou for the project named below

on_the basis of a random selection and not because of any knowledpe

of delays in this project.

-

Project name Eastern Plastics Petrochemical Plant*

Country Asian

(-

Once filled in this questionnaire will be kept confidential. Specifac
project infcomation will not be divulced. Only totals, averages and
gencral ot:servations will be published.

You are asked to complete this questionnaire as promptly as possible

snd return it to the United Mations Industrial Development Organiza-

tion, Felderhause, Rathausplatz 2, 1010-A Vienna, Austria.

Thank you for your assistance, .

*Name disguised.
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Questionnaire -2~

Definition of Terms Used

"Implementation Phase'

The implementation phasc is taken to be the work starting
with dectailed project planning and design, through construction and
atart up, to the time when the project is functioning in a satisfactory
manner at, or near, its rated capacity. Thus, the decision to invest
is assuricd to have been made; the product, general process, scale,
market, financing method, and gencral location have been decided
upon. Governuent approval is assumed, at least in principle, and the
irnvestment funds, including foreign exchange, are assumed to be
allocated and available. At this point implementation begins. It
includes site selection, detailed design of the project to accormodate
it to the site and to final engincering changes, bidding, contracting
and procurement, construction, production start-up, and build-up to
capacity.

"Delay"

Project delay is defined to mcan falling behind schedule
25% or more of the planned time of achicvement for any major activity
of the project. :

YActivity”

Activity is used in the precise meaning it has in bar chartc
scheduling or network scheduling. It is assumed that every large
scale industrial project will have been scheduled with one of these
methods. Figure 1 shows the meaning of activity as uced in these
scheduling methods. An activity is a logical subdivi=ion of the
project vork that can be scheduled as an entity becat-e it is
distinctly different from that which precedes or follows it. Thus,
the simple tar chart of Figure 1 shows Activity A of one week
duration, Activity B of 8 weeks duvation, and so forth, The simple
network illustration shows activity 1, Purchase Pumps, of 5 months
duration, activity 2, Install Pumps, of 7 months durationm, and
activity 3, Dewater Site, of 8 months duratisn.

"Major Activity"

A major activity is ore that is scheduled in months, rather
thaa daye or weeks; that is, an activity whose planned duration is at
least one month. Since this study covers only large industrial
projects of over $1 million value, and implementation periods
ranging from about one to eight ycars, it is neither necessary nor
desirable to investigate delays in activities shorter than this.




Questionnaire

Definition of Terms, Continued

“planned Time of Achievement”

The planned time of achievement is not nccessarily measured
by calendar dates; that is, day of the week or month, but by time
duration, or number of days. Thus it 1s possible for a major activity
to be conpleted later than the scheduled calendar date and still not,
in itself, be a "delayed activity," in the meaning of the definition
of this study. This could happen if a previous activity were delayed,
thereby moving back the starting date of the referenced activity.
Another way of putting this point is that delays are not necessarily
cumulative. Each major activity is judged with respect to its
planncd elapsed time, as shown on the original schedule (or any
revisions thereto made prior to the start of the referenced major
activity) and not with respect to the calendar as such.

With this meaning, then, it is possitle that an industrial
project may suffer delay in one or more major activities and yet be
completed by the scheduled date. The study is designed intentionally
to include thie possibility, for otherwise some important instances of
delay may escape the survey. On the other hand, it is not possible for
a total project to fall 257 or more behind schedule unless one or more
of its major activities does so.
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Figure 1 - Meaning of Activity

Bimple Bar Chart

Activ-
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Part 1. General Project Information

Eastern Plastics
1) Country Asian + 2) Project namePetrochemical Plant

State or province - .

J) Project owncrship

Public (Agency or Department) -

Private (Corporation name) Eastern Plastics Company

Joint public-private -

4) lmple&enting agency (ies) -

8) Prime contractor(s) Transnational Engineering Company

6) Type of cuntract (describe)  Cost plus fixed fee

?) Project description Petrochemical plant to produce polyvipyl

chloride from vinyl chloride monomer.

8) Products to be produced__ Polyvinyl chloride

9) Planned snnual capacity 20,000 tons

10) Planned total employment at full capacity 130 men

11) Comments or explanationc for any of the items of Part I (if necessary)

8ite had already been selected and land already owned by firm.
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. )

In the next two parts (Parts II and I11) of the quest fonnaire we

divide the project implementation phase into four stages:

$tage 1. Detailed project planning (including site selection,

detailed engincering design, and cost estimating).

$tage 2. Bidding, contracting and procurement.,

Stage 3. Construction and start-up.

Stage 4. Build-up to capacity productionm.
- . _

We realize it is not alvays possible to divide project work into these
four stages. If you find you cannot do so for this project, please
change the stage definitions above and on the following pages to

ones that you can use systematically for the rest of the questionnaire.

o

Note: 1f neither a bar chart uor a network schedule was made for

———

the {mpiementation phase of this prcoject, do no* atteirpt to

£311 out the activity listings on the following pages. Turn

directly to page 21 at the end of Part IIT and nrovide vhat

peneral information you can. Also, please complete page 8.




1)

2)

3)

Questionnaire -

part 1I. Project Scheduling and Identificativn of Lelays

Was a bar-chart (or Gantt chart) schedule prepared for the

implenentation phase of this project? Yes .

Was a network (or PERT or CPM) schedule prepared for the imple-

mentation phase of this project?__ Mo .

If neither a bar-chart nor a network schedule was prepared for the
implenentation phase of this project, describe the scheduling

procedure that wes used. -

11 ]

1f it is available, we would appreciate receiving with this
questionnaire = copy of the project schedule for the implementation
phase as it stood at the beginning of that phase. It may be
sbbreviated, if desired, to include only ';mnjor activitie.s" as

definced in this questionnaire.

4) Who (vh~t agency or group) prepared the schedule for the implementa-

tion phasc of this project? _Transnational Enpineering Company




) Eueatlonnaire

Part 11. Project Scheduling and Identification of Delays, Continued

8) Referring to the project schedule for the implementation phase, list

pelovw the 'major activities" (refer to definition) of Stage 1 --

detailed project planning. Also 1ist the planncd or scheduled
time duration for each major activity, in months, and the actual

time duration experienced.

Q1) (2) 3) (4) (s) )
Major Planned Actual pifference | % Lifference
Activity | Description of Major Duration | Duration (4)-(3) (5)/(3)
Nunber _Activity (Months) | (Months) e
@ Write specifications 2 3 1 30
: for equipment
2 Design buildings 5 ¢ 1 20
. b | Prepared engineerinJ
dravings for equip-
ment foundations L) ¢ 1 20
4 Prepare electrical
dravings S 4 - -
S Prepare site
drawings S S - -
@ Test drill for lime-
stone reserves ) § 2 1 100




Questionnaire ' -

part 11. Project Scheduling and ldentification of Delays, Continucd

35) On u'liat Jdates did the following cvents actually occur?

a) Implementation phase of project actually started* August 2, 1962

») Foreign exchange portion of funds committed by government =~

c) Final approval of project by government___ April 26, 1962 .
é) Cround breaking March 15, 1964 .
e) Start of productjon (plant "on-line") September 3, 1965 .

f) Capacity production achieved (implementation phase ended) _

February 2, 1966 .

-——— - .o o @ -

#gec definition of "implementation phasze.”

6) On what date was the project originally scheduled to atart production

(go on-1line)? March 1, 1965 .

7) On what date was the project originally shceduled to reach full

capacity production? April 1, 1963 .




Part 11.

Proje

8) Referring to the project schedule fo
below the

detailed project planning. Also 1ist the pl

e e .+ A e

F}ueltionnaire

time duration fo

time duration experienced.

ct Scheduling and Identification of Delays, Continued

r the implementation phase, list
‘major activities" (refer to definition) of Stage 1 --
anned or scheduled

r each major activity, in months, and the actual

() (2) ¢)) (%) (5) (6)

Major Planned Actual Differcnce | % DLifference
Activity | Description of Major Duration |Luration (4)-(3) (5)/(3)
_Number _ L Act ivity ___|_(Months) (Months) o

@ Purchase Proccss

Design Package 4 6 2 S0
2 deplete Process
Design 2 2 - -
Engineering Design:

3 Towers 3 3 - -

) Reactors 2 2 - -

) Drums 2 2 - -

¢ Tanks 2 2 - -

? Exchangers 2 2 - -

L ] Compressors 2 2 - -
o Pumps & Drivers 1 2 1 100
Q0) Other Equipment 1 2 1 100
@ Foundations 2 3 1 30
D Buildings 2 ) 1 50
13 Yard Structures 3 ] - -
14 Underground Piping 7 ] 1 14
15 Above Ground Piping 7 ] 1 14
16 Instruments 9 10 1 11
@ Electrical ) 8 2 3
18 Insulating & 1 1 - -

Fireproofing
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Pacrt 11, Continucd
. 8) Stage 1 -- detailed project planning, continued
(1) (2) (3) (4) ) (6)
Major Planned Actual Difference | X Difference
Activity | Description of Major | Duration | Duration (4)-(3) (5)/(3)
Number Activity (Months) | (Months)
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part 11. Project Scheduling and ldentification of Delays, Continued

9) List below the major activities of Stage 2 -- bidding, contracting

and procurenent.

(1) (2) (3) (4) (5) (6)
Major Planned Actual Difference | % Difference
Activity | Description of Major ; Duration Duration (4)-(3) {8)/(3)
Bunber Activity Qionths) | (Honths)
Obtain aﬁd analyze
bids and place
equipment orders
for:
19 Towers 'y 'y - -
@ Reactors 3 4 | 33
21 . Drums 4 'y - -
22 Tanks 'y 4 - -
. 23 Exchangers 4 4 - -
24 Compressors 4 'y - -
25 Pumps & Drivers 4 4 - -
26 | Other Equipment 4 4 - -
Purchase materials:
n Piping 9 ] - -
28 Instruments 10 11 1 - 10
2 Electrical 9 10 1 11
b ) Other 10 10 - -
Approve vendors'
dravings and
fabricate equipment
and deliver to job
. site;
‘D Towers 11 18 7 [ 1)
‘D Reactors 11 19 ] 3.
CD Drums 11 18 4 3
Qs Tanks 1 14 3 27
’ ‘D Exchangers 10 18 [ 80
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sstionnaire
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Part 11, Continued
9) Stage 2 -- bidding, contracting and procurement , continued.
Q) (2) () 4) (3) ()
Major Planned Actual Differcnce | X Difference
Activity [Description of Major| Duration | Duration (4)-(3) (3)/03)
Number Activity (Months) , (Months)
3% Compressors 12 14 1
@ Pumps & Drivers 11 14 7
3 12 14 17

Other Equipment

s WGPy g
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part 1I. Profect Scheduling and Identification of Delays, Continued

10) List below the major activitics of Stage 3 -- construction and

start up.

1) (2)
Major
Activity | Description of Major
Kumber Activity

b Yard Work

40 Foundations

41 Buildings

42 Yard Structures

43 Underground Piping
Above Ground Piping
Instruments
Electrical

47 Insulation

48 Fireproofing
Painting
Exchangers
Reactors

‘Other Pressure Vessels
Pumps & Drivers
Compressors

Other Equipment

ORI RN

Startup Plant

(3) (4) (5) (6)
Planned Actual Difference | X Difference
Duration | Duration (4)-(3) (5)/(3)

1 Months) (Months) _

J 10 11

6 7 17

5 S - -

¢ 7 1 n

3 3 - -

6 L 3 30

¢ 6 2 30

¢ 6 2 30

¢ 3 - -

1 ) | - -

¢ 4 - -

¢ 7 3 73

2 2 - -

¢ 8 ¢ - 100

¢ 7 3 [} ]

2 2 - -

4 4 - -

1 2 ) | 100




Eucst ifonnaire “l4-
Part 11, Continucd
10) Stage 3 -~ construction and start-up, continued.
Q) (2) ) (4) (5) (6)
Kajor Planned Actual Difference |X Difference
Activity | Description of Major | Duration | Duration (4)-(3) (5)/(3)
_Number Activity (Months) (Months)
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Part JI. Project Scheduling and Identification of Delays, Continued

11) List below the major activities of stage 4 -- build-up to capacity

production.

(1) (2) (3) (4) (5) (6)

Major Planned Actual Difference | % Difference
Activity | Description of Major , Duration | Duration (4)-(3) (5)/(3)
_Number | Activity i _(Months) i (Months)

|

Bring plant to design 1 b 400
capacity

—— - ———

l

“Delay" has been defined earlier to mean "falling ber’nd schedule 252

or more of the planned time of achievement."

R

-

Whercver a number of 25% or larger appears ir column (6) of the above
listings for any of the four stages, circle the corresponding activity
nmumber. These are the activities we will consider to have been delayed.

In the following part of this questionnaire we scek the reasons for

these delays.

b
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__Project Scheduling and Identification of Delays, Continued

part 11.
. " 12) List below the 5 delays that in your judgment made the greatest

contribution to the total delay of the project. Put them in what

you estimate to be the order of their magnitude of contribution to

total delay and estimate their contribution in months.

. Contribution to Total
Rumber _ Delay Delay (Months)
1. iting plant up to design &
capacity
2. Approve vendors' drawings 3
snd fabricate reactors
and deliver to job site
. ' . B Process design |
4. Obtain and analyze bids and 1
place equipment order
for reactors
S. Startup plant ) 8




J S

Questionnaire 1

Parc II1. Rcasons for Delays

"(1f no delays were identifijed in Part II, skip this part.)

P

—
Couplete the following scctions only for thcse major activities that
were delayed, that is where 257% or a greater nunber eppeared in col-

won (5) of Part 1I of this questionnaire.

L _J

1) Stage 1 -- detailed project planninz.

n (2) (3) (4)

Major % Delay : .
Activity Description cf Major (Coluun (6) | Cause of Delay. (Please be specific
Nurber Activity of Part 1I) | and detailed. Use extra sheets if

_necessary.)

. —_—— ———

1 Purchase Process Desig 50 The agreement to purchase a package
Package process from a manufacturer took
more time to negotiate than
expected, primarily because of
the negotiations over exactly

how the plant was supposed to
perform in order to meet the

guarantee.
Engineering Design:
) Punps & Drivers 100 here seemed to be no special causes
10 Other Equipment 100 for the delays in this engineering

design work other than the fact
that probably an inadequate amount
of time was allowed for the
engineering design work connected
with the pumps and drivers.

11 Poundations
12 Bbuildings

[he engineering contractor under-
estimated the amount of man-hours
required to design the foundations
and to do the civil engineering
structural design. As a result, he
' ’ did not allocate sufficient man-
‘ : power to the job; thus the duration
was longer than expected.

€ 5

b ¥ Electrical » This work was delayed because of the
delay in designing the foundations
. and the building.




gut ionnnirJ
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Part 11, Continucd
8) Stape 1 -- detailed project plannins;, continued
(1) (2) 3 (4) (s) (6)
Kajor Planned Actual Difference | X Difference
Activity | Description of Major | Duration | Duration (4)-(3) (3)/3)
humber Activity (Months) | (Months)




Questionnaire

Part 111, Reasons for Delays, Continued

2) Stage 2 -- bidding, contracting end procurenent.

(1 (2) (3) (4)
Ma jor % Delay
Activity Description of Major | (Colurn (6) | Cause of Delay. (Please be specific

Nunber Activity of Part I7) | and detailed. Use extra sheets {f
necessary.)

bbtain and analyze bids
snd place equipment
orders for:

Reactors ‘hto is a complex vessel and
negotiations with the vendor took
longer than expected.

pprove vendors'
dravings and fabricatﬂ
equipment and deliver
to job site:

Towers . fhis equipment was purchased from
one vendor for each type of
equipment. This overloaded the
Drums vendors' shops and caused the
deliveries of individual equipment
to be spread out over longer
Exchangers periods of time than had been
planned.

Reactors

Tanks

Pumps & Drivers




[—.Questionnaire

19~

Jott 111. Reasons for Delays, Continued
3) Stage ) -- gonstruction and start-up.

(1 (2) (3) (4)
Ma jor : % Delay
Aetivity Description of lMajor | (Column (6) | Cause of Delay. (Please be specifi:
Numbe r Activity of Part 1I and detailed. Use extre sheets if

—— - necessary. ) — -~
&4 Above Ground Piping 50 The delay in delivery of the
sajor equipment delayed these

45 Instruments 30 activities.

& Electrical 30

0 Exchangers 13

32 Other Pressure Vessels 100

33 Pumps & Drivers 15

% Startup Plant 100 Inadequate time had been

acheduled for the start-up of
the plant because the time
alloved was that normally
taken in a developed country.
In a developing country the
operators required more
training.




Questionnaire

-20-
v Part 1I1. Recasons for Declays, Continued
4) Stage & -- build up to capacity production.
(1) (2) (3) (4)
Ma jor %X Delay _
Activity Description of Major | (Column (6) | Causc of Delay. (Please be specif:
Nuc:bor Activity of Part 1I) | and detajled. Use extra sheets if
. necessery. ) _
38 Bring plant up to 400 There was an inordinately long
design capacity delay in bringing the plant up

to design capacity because the
owner of the plant had made
previous arrangements to import
material when he saw that the
plant construction was running
behind. Therefore, he delayed
in bringing the plant up to
design capacity.
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Futionnaire .
-31~-

part 111. Reasons for Delays, Continued

$) 1If no formal scheduling procedure was used for this project,
please give below as much information as you heve about delays,

their time and causes,
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Questionnaire

Part 1V, Project Cost Information

1) Total project investment (actual, 1f different from planned)*

$3,317,000

Major cost elements:

Land -

Land preparation_ $17,000

Non-residential buildings and plant $216,000

Capital equipment $2,670,000 (including installation)

Housing

Roads, railroads & access $14,000

Vater Already Available
Pover Already Available
Fees and services  $400,000

Other -

-—

2) Foreign currency component of projecct (actual) __$2,316,000 _

3) Local currency component of project (actual) $1,001,000

4) 8Source(s) of for:ign currency (or lending ageicy) Foreign Parent

3) Source(s) of local curret{cy (or lending agency) Local Parent

6) Turms of foreign currency loan (if any) -

-

7) Yerms of local currency loan (if any) -

- —

#Tncludes 211 cost elements such as housing coleny, land, road
gmprovereuts, owned power supply, and so forth, that are required for
the successful ccupletion and operation of the project.




Questionnaire ’ -23-

8) On vhat date was the foreign capital component of the investment

for this project allocated? - . Was it unavailable

for other projects thereafter? No

9) Was all or part of the foreign exchange component of the investment

committed on the above date? Please explain No

10) Additional comments or information that respondent feels may .be

belpful to UNIDO in this study.




I;uentionnai re -2~

S

‘ ~11) MNeme of person(s) filling out this questionnaire

James Vest

12) Title and affiliation Project Manager, Transnational Engineering

Company
13) Mailing address 11 Stella Road, Belmont, Massachusetts
14) Date October 12, 1968 .
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se & ali Olefins Petrochemicals Pla ol

The Project

The Fali Olefins Plant is located in an Asian country. It
consists of a 50,000 ton per year ethylene plant and includes facili-
tiea for recovering the co-product propylene. Naphtha is used as a
row material. A housing colony was not included as part of this
project.

The Fali Olefins Company is the sole owner of the ethylene
plant. This company is a subsidiary of a major oil company; the
Olefins plant is located adjacent to an o0il refinery owned by the major
oil company. The total project investment was $9,000,000, and it vas
fimanced by the parent company of Fali Olefins.

. Pali Olefins contracted with Transnstional Engineering
Corporations for the process design, engineering design, equipment
procurement, and construction of the plant. The contract was a cost

plus fixed fee. The process design was done in the United States and

the detailed engineering design was done in the London office of Trans-
aational Engineering. The bulk of the major equipment was purchased
ta Burope.
Pelays in Implementation

The implementation phase of the project started in July 1963
it originally was planned to bring the plant on-line on June 1, 1966,
or a scheduled construction period of 35 months. It originally vas
planned that the plant would take 6 months, or until December 1, 1966,

te reach full production capacity. In actual fact,the start of on-line

*Disguised name.




production was April 1967, some ten months behind the original schedule.
Pull capacity production was reached on October 1967, some ten months
after the original scheduled date and some six months after the project
ceme on stream; this six months lag was as originally scheduled.

This falling behind by 10 months in the time of completing the
project is attributable to a variety of delays in the procurement and
construction phases. The major delay was caused by the decision to pur-
chase all similar types of equipment from a single equipment vendor.
This decision was made because a lower price could be obtained in the
purchase of the equipment. However, this decision meant that one equip-
ment vendor had to supply many items of equipment. Since the vendors'
shops vere not able to make all of the equipment at one time, the de-
1ivery wvas spread out over a number of months., This did not delay the
start of the installation of the equipment because the equipment de-
1ivered early could be installed. However, the completion of the in-
stallation of 100% of the equipment was delayed until the final pieces
of esquipment were delivered., By being ready to install the last pieces
of the equipment at the moment they arrived, the potential 12-month de-
lay (this vas the delay in completion of the final piece of equipment
delivered) was kept to a delay of only 5 months on the over-all project.

Another source of delay was in the relationship between the
engineering contractor and the plant owner. The original schedule was
made on the basis that the owner'a engineering department would not de-
eome i{nvolved with either the process or the mechanical design. How-

ever, the owner's engineers became involved and changed some basis process

conditions after the process design had started. This resulted in a
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. kcluonnaire -11-

part 11.  Project Scheduling and Identification of Delays, Continucd

9) List below the major activities of Stage 2 -- biddinp, contracting

and procurenert,

(1) (2) 3) (4) (5) (6)
Major Planned Actual Difference | X Differencc
Activity | Description of Major | Duration | Duration 4)-(3) (5)/(3)
_Munber Activity ' (Months) (Mouths) e

Obtain and analyze
bids; place equip-
ment orders and have
equipment delivered:

@ Kiln 10 15 s 0
@ Mi11 10 CR 30
@ Power plant 10 18 8 80
10 Electrical equipment 10 11 ! 1 10
11 Heat exchange | 10 ‘10 - -
12 Homogenizer and

cooler 10 12 2 0
13 Other equipment 10 11 1 10

!
I
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. delay in completing the process design which then delayed the completion
of the rest of the project work.

A minor delay occurred during the placing of the orders for
the equipment, because of the discussions that had to take place between
the plaf\t owner and the engineering contractor before a decision could
be made to place all of the orders with one vendor. Finally, there was
a minor delay in the construction at the job site because this was the
first plant that this engineering contractor had built in this country.
Therefore, the contractor did not have accurate data on the productivity
of local workers; hence, it was difficult to have the right amount of
manpower on hand for each job. This resulted in some delays during the

construction period.

Ihe Cost of Delays

. Not all of the delays encountered contributed to the cumula-
tive delay of the project because some were not on the "critical path."
That is, either they were independent in time from other activities or

they did not hold up the accomplishment of other activities critical to

the completion of the project.

The effective delay in terms of cost for the Fali Olefins
Plant was from June 1966 to April 1967, or a period of 10 months. Re-
ferring to Exhibit 8 under Part IV, Analysis of Completed Questionnajires,
we can estimate the cost of this delay. S8ince the project monies were
spent as the project was constructed, the investment can be considered
to have been made on a pay-as-you-go basis. If we use a 15% discount
rate, which is reasonable for an industrial project such as a petro-

’ chemicals plant, we can look under "Delay in Project Completion” under
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under the 15% discount rate heading, and using column 2 can interpolate
between the 0.5 and the 1.0 year case. For a delay of 10 months, we
can estimate that the reduction in net worth of the project is ap-
proximately 4%. This 4% reduction represents a loss in present value
of the plant of $360,000.

Using this same table, we can dstermine that the 6 months '
lag in reaching capacity production after the plant was on-line reduced
the net present value of the plant by 7%. (Note that this is a reduc-
tion in nc.t present value of the plant because of the lag in reaching
full capacity after the plant was capable of producing at full capacity.
This lag is independent of the time originally scheduled to reach full
capacity production after the plant was completed, because in this case
the original schedule did allow for this 6-months' period.) This re-
duction of 7% in present value represents a loss of $630,000.

Thus, the combination of the delay in project completion and

the lag in the plant's reaching full capacity production represents a

total reduction in present value of the project of 11% or $990,000.
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UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION

. Questionnaire

DELAYS IN IMPLEMENTING INLUSTRIAL PROJECTS

This questionnaire is part of a study being conducted by the United
Nations Industrial Development Organization for the purpose of learn-
ing more about the causes and costs of delays in implementing indus-

trial projects in developing countries.

The questionn2ire has been sent to you for the project named below

on the basis of a random sclection and not because of any knowledpe

of delays in this project.

oo

. Project name Fali Olefins Company*

Country Asian -

L

Once fillod in this questionnaire will be kept confidential. Specific
project infcrmation will not be divulged. Only totals, averages and
general otsecrvations will be published.

You are asked to ccmplete this questionnalre as promptly as possible

and return it to the United Nations Industrial Development Organiza-

tion, Felderhausc, Rathausplatz 2, 1010-A Vienna, Austria.

Thank you for your assistance.

" %Disguised name.




Questionnaire -2-

Pefinition of Terms Used

{
"Implementation Phase'"

The implementation phase is taken to be the work starting
with detailed project planning and design, through construction and
start up, to the time when the project is functioning in a satisfactory
manner at, or ncar, its rated capacity. Thus, the decision to invest
{s assumed to have been made; the product, general process, scale,
market, financing method, and gencral location have been decided
upon. Government approval is assumed, at least in principle, and the
{rvestment funds, including foreign exchange, are assumed to be
allocated and available. At this point implementation begins. It
includes site sclection, detailed design of the project to accomrodate
it to the site and to final eugineering changes, bidding, contracting
and procurement, construction, production start-up, and build-up to
capacity.

UDelay"

Project delay is defined to mean falling behind schedule
25% or more of the planned time of achievement for any major activity
of the project.

Uhctivity”

Activity is used in the precise meaning it has in bar chart
scheduling or network scheduling. It is assumed that every la.ge
scale irdustrial project will have been scheduled with one of these
methods. Figure 1 shows the meaning of activity as used in these
scheduling methods. An activity is a logical subdivision of the
project work that can bc scheduled as an entity becase it is
distinctly differont from that which precedes or follows it. Thus,
the simple tar chart of Figure 1 shous Activity A of one week
duration, Activity B of 8 wecls duration, and so forth. The simple
petwork illustraticn shows activity ), Purchase Pumps, of 5 months
duration, activity 2, Install Pumps, of 7 months duration, and
activity 3, Dewater Site, of 8 months duraticn.

"Major Activity"

A major activity is one that is scheduled in months, rather
than days or weeks; that is, an activity whose planned duration is at
least one month. Since this study covers only large industrial
projects of over $1 million value, and implementation periods
ranging from about one to eight years, it is neither necessary nor
desirable to investigate delays in activities shorter than this.




Questionnaire

pefinition of Terms, Continued

“planned Time of Achicvement'

The planned time of achievement 18 not necessarily measured
by calendar dates; that is, day of the week or month, but by time
duration, or number of days. Thus it is possible for a major activity
te be completed later than the scheduled calendar date and still not,
in itself, be a "delayed activity,” in the meaning of the definition
of this study. This could happen if a previous activity were delayed,
thereby moving back the starting date of the referenced activity.
Another way of putting this point is that delays are not necessarily
cumulative. Each major activity is judged with respect to its
planned elapsed time, as gshown on the original schedule (or any
grevisions thereto made prior to the start of the referenced major
sctivity) and not with respect to the calendar as such,

With this meaning, then, it is possible that an industrial
project may suffer delay in one or more major activities and yet be
eomplcted by the scheduled date. The study is désigned intentionally
to include this possibility, for otherwise some important instauces of
delay may escape the survey. On the other hand, it is not possible for
8 total project to fall 25% or more behind schedule unless one or more
of its major activities does so.

N —— -
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Questionnaire s
. Part 1. General Project Information

1) Country _ Asian . 2) Project name Fali Olefins Company
State or province - .

3) Project ownership
Public (Agency or Department) - .
Private (Corporation name)  Foli Olefins Company .
Joint public-private - 4 .

4) Implementing agency (ies) -

$) Prime contractor(s) Transnational Engineering Company

(disguised name)

-

6) Type of cuntract (describe) cost plus fixed fee

.
- —

7) Project description__ Petrochemical plant to produce ethylene and

propylene from naphtha.

8) Products to be produced __ Ethylene and propylene A .

$) Planned cnnual capacity_ 50,000 tons ' .
10) Planned total employment at full capacity _600 .

11) Comments or explanations for any of the items of Part 1 (if necessary)

2




Eutionnaire
-

In the next two parts (Parts II and I1I) of the questionnaire we
divide the project implementation phase into four stages:

Stage 1. Dctailed project planning (including site selection,

detailed engincering design, and cost estimating).

Stage 2. Bidding, contracting and procurement.

Stage 3. Coustruction and start-up.

Stage 4. Build-up to capacity production.

| .

We realize it is not always possible to divide project work into these
four stages. If you find you cannot do so for this project, please
change the stage definitions above and on the following pages to

enes that you can use systcmatically for the rest of the questionnaire.

Note: If nmeither a bar chart uor a network schedule was made for

the implementation phase of this profect, do mct attcopt to

fill out the hctivity_ listings on the following pages. Turn

directly to page 21 at the end of Part III an? proviic what

general information you can. Also, please complete page 8.



1)

2)

)

Questionnaire -7-

Part 1I. Project Scheduling and Identification of Lelays

Vas a bar-chart (or Gantt chart) schedule prepared for the

implementation phase of this project? _ Yes .

¥as a network (or PERT or CPM) schedule prepared for the imple-

mentation phase of this project? __mo .

If neither a bar-chart nor a network schedule was prepared for the
fmplementation phase of this project, describe the scheduling

procedure that was used. -

i A A et A - et it WO

1f it is available, we would appreciate receiving with this
questionnaire s copy of the project sciidule for the implementation
phase as it stood at the beginning of that phase. It may be

abbreviated, if desired, to include only "major activities" ac

defined in this questionnaire.

b

[, ]

4) WVho (vha* agency or group) prepared the schedule for the implementa-

tion phase of this project? Transnational Engineering Company




Questionnaire -8~

. part 11. Project Scheduling and ldentification of Delays, Continucd

$) On what dates did the followinp events actually occur?

s) Implementation phase of project actually started* July 1, 1963 .,

b) Foreign exchange portion of funds committed by government_ -

-—

¢) Final approval of project by government __ May 3, 1963 ) .
d) Cround breaking . May 1,1964 ‘ .
¢) Start of production (plant “on-line")_ April 3, 1967 .

f) Capacity production achieved (implementation phase ended)

October 5, 1967

#8ec definition of "implementation phase."

6) On wvhat date was the project originally scheduled to start production

(30 on-11ne)? _ June 1, 1966 .

7) On what date was the project originally scheduled to reach full

capacity production? December 1, 1966 .




Butiomuirc

Jars 11, Continucd

9) Sctage 2 -- bidding, contracting and procurement, continued,

-12-

Q) 2) 6 ) B ) (3) ()
Kajor Planned Actual Difference | X Difference
Activity |Description of Major] Duration | Durationm (4)-(3) (3)/Q3)
Bunber Activity (Months) ' (Months)

——t




E}uel tionnaire -9-

Part 11. Project Scheduling and Identification of Delays, Continued

8) Referring to the project schedule for the implementation phase, list

dbelow the "major activities" (refer to definition) of Stage 1 --
time duration for each major activity, in months, and the actual

time duration experienced.

(2)

Q) ) %) (5) (6)
Major Planned Actual Difference | X Lifference
Activity | Description of Major ! Duration | Duration 4)-( (5)/Q3)
Number Activity (Months) | (Months) e
1 Select Site 1 1 - -
2 Acquire Land 6 - -
@ Process Design ? 9 2 29
Engineering Design:
4 Towers é 6 - -
L) Reactors S S - -
Exchangers 3 S 2 67
7 Drums S 7 2 40
Tanks 1 3 2 200
9 Compressors S S - -
'9 Pumps & Drivers 1 3 4 400
v,D Furnaces 2 4 2 100
12 Piping ] 9 b 3 1)
13 Instruments 11 11 - -
14 Structures S S - -
13 Foundations S é 1 20
16 Control House 2 2 - -
17 Other Buildings 2 2 - -
18 Elec. Distribution 7 N ) ) | 14
& Transformers




L\ntionnaire -10-
Part 11, Continued
. 8) Stape 1 -- dctailed project planning, continued

(1) (2) (3) 4) (3) (6)
Major Planned Actual Difference | X Difference
Activity | Description of Major | Duration | Duration (4)-(3) (5)/¢3)
humber Activity (Months) | (Months)

19 Elec. Switchgear 3 3 - -

& Controls
20 Elec. Misc. 3 3 - -

- -




- T N\
[Questionnaire -11-
. Part 11. Project Scheduling and Identification of Delays, Continued
9) List below the major activities of Stage 2 -- bidding, contracting
and procurenent.
(1) (2) 3) (4) (5) (6)
Major Planncd Actual Difference | % Difference
Activity | Description of Major ! Duration | Duration (4)-(3) (5)/(3)
Number Activity (fionths) | (lionths)
Obtain and analyze
bids and place
equipment orders
for:
@ Exchangers 3 4 1 3
22 Reactors 4 4 - -
@ Towers 3 4 1 N
2% Furnaces ) S - -
25 Drums 3 3 - -
. 26 Tanks 4 4 - -
a7 Pumps & Drivers 3 3 - -
] Compressors 4 4 - -
i) I other Equipment 3 3 - -
Approve Shop Drawings ‘
& Fabricate, Test,
and Deliver Equip-
ment;
@ A Exchangers o 22 1 100
@ Reactors L12 24 12 100
(39 Towers 12 23 1 ”
b § ) Furnaces 14 16 2 14
DR Drums 12 23 12 9?
35 Tanks 12 14 2 17
Pumps & Drivers 11 23 12 109
Compressors 12 18 ¢ %0
t b | Other Equipment 12 14 2 1




bnntionnaiu
-2~
Jast 11, Continucd
9) Stage 2 -- bidding, contracting and prc;curementL continuecd.,
Q1) (2) 3) 4) (3) (6)
Major Planned Actual Difference | X Difference
Activity [Description of Major| Duration Duration (4)-(3) (5)/(3)
Number Activity (Months) {(Months)
Purchase Materials:
» Underground Piping 2 2 - -
40 Above Ground ) 9 1 13
Piping
41 Instruments 11 10 - -
42 Electrical 11 12 1  J
43 Other Material 8 9 1 13

R S

-




Part 11. Project Scheduling and Identification of Delays, Continued

Questionnaire

-13-

*10) " List below the major activities of Stage 3 -- construction and
start_up.
Q) (2) 3) (4) (5) (6)
Major Planned Actual Diffecrence | % Difference
Activity | Description of Major | Duration Duration | (4)-(3) (5)/(3)

Number Activity (Months) : (Months) .

Yard Work Including 7 15 8 114
Sewers and Access
Roads

!!, Install Foundations 8 13 3 63

C!, Construct Buildings 3 13 10 334

(!) Install Yard Structure% 7 10 3 43

Install Equipment!

@ Towers 3 6 3 100

@ Furnaces 3 6 3 100

50 Drums & Reactors 3 3 ; - -

) Tanks 4 15 L o1 275

$2 Pumps & Drivers 8 9 1 1)

33 Compressors & Drivers 4 L} - -

S4 Exchangers 7 6 - -

$S Misc. Equipment 7 7 - -

36 Install Underground 3 3 - -
Piping

()  |install Above Ground 9 17 s )
Piping

GI) Install Instruments 6 12 . 6 100

€I) Install Electrical 6 13 7 117
Items

Install Insulation & s 12 4 50
Fireproofing

61) Paint 6 10 67

@ Startup Plant 1 3 2 200




[Q_uu tionnaire -14
. Part 1I, Continued
10) Stage 3 -- construction and start-up, continued.
1) (2) (3) (4) (5) (6)
Major Planned Actual Difference |X Difference
Activity | Description of Major { Duration | Duration (4)-(3) (5)/(3)
Number Activity (Months) (Months)




Questionnaire

Part I1. Project Scheduling and ldentification of Delays, Continued

11) List below the major activities of stage & -- build-up to capacity

production.
(1) (2) 3) (4) (5) (6)
Major Planned Actual Difference |2 Difference
Activity | Description of Major X Duration | Duration (4)-(3) (5)/(3)
_KNunber | Activity . _(Months) | (Months) L
|
63 Bring plant up to 6 6 - -
design capacity and
make guarantee run
!
: '
' |
“Delay" has baen defined earller to mean "falling bei’nd schedule 25%
or more of the planned time of achievement."
B -]

e

these delays.

Wherever a number of 25X or larger appearz {n column (6) of the above
lietings for any of the four stages, circle *he corresponding activity
mmber. These are the activities we will consider to have been delayed.

In the following part of this questionraire we seek the reasons for




[}uutlom\aire

Part 11. Project Scheduling and Identification of Delays, Continued

12) List below the 5 delays that in your judgment made the greatest
contribution to the total delay of the project. Put them in what
you estimate to be the order of their magnitude of contribution to

total delay and estimatc their contribution in months.

Contribution to Total

Number Delay._. — Delay (Months)
1. Approve shop drawings, and [
' fabricate test, and

deliver reactor*

2. Startup plant 2

Process design ) §

4. Obtain and analyze bids and ) |
place equipment orders
for towers

3. Install above ground piping 1

*This also applies for the other major cqumnt. ses major

sctivity numbers

0, 31, 32, )4, 36, and 37,

T




Questionnaire \

R

R

-17-

Part IT1. Reasons for Delays

(1f no delays were fdentiffed in Part 1I, skip this part.)

P

-

Couplete the following sectfons only for thcse major actfvities that
were delayed, that i{s vhere 25% or a grester number eppearad {n col-

unn (6) of Part II of this questionnaire.

1) Stage 1 - datailed‘préjg;t planning.

(1)
Major
Activity
Nurber

(2)

Description c¢f Major
Activity

(3)
% Delay
(Colunn (5)
of Part 1I)

10
1

Froccs- Design

kngineering Design:
Exchangers

Drums
Tanks
Pumps & Drivers

Furnaces

ot . ——————

29

$8§8sz+

e

%)

(Please be specific
Use cutra sheets 1f

Cause of Delay.
and detailed.
_hecessary.)

Owner changed some basic process
conditions after process
desipn had started., This
delayed process design work
plus caused some completed
wvork to be redone.

Delay in process design caused
delay in engineering design
after engineering design
work had commenced. Also,
original sachedule for
engineering design work on
tanks and pumps and drivers
was probably unrealistically
short.




Questionnaire -18-
. Part 111, Reasons for Delays, Continued
2) Stage 2 -- bidding, contracting and procurenent.
4y (2) (3) (%)
Major % Delay
Activity Description of Major | (Colunn (6) | Cause of Delay. (Please be specific
Nunber Activity of Part II)| and detaeiled. Use extra sheets if
necessary.) . .
Pbtain and analyze bids The client of the engineering and
and place equipment construction company became very
orders for: involved with the analysis of the
, : bids and took longer than scheduled
u Exchangers N to approve the placing of orders.
23 Towers h k) Also, negotiations with the vendors
took longer than scheduled because
it was decided to place most of the
equipment orders of similar types
with a single vendor in order to
save money and this caused
renegotiation of the bids.
#pptove shop drawings & The major cause of the delay which
. fabricate, test, and resulted in delays of as long as
deliver equipment: 12 months was that the equipment
vendors were not able to provide
% Exchangers 100 equipment in the time period
i Reactors 100 originally envisaged when the
engineering contractor made out the
n Tovers 9” schedule., Furthermore, in order to
b ) Drums 92 save money on the purchase price

of the equipment, it was decided
to purchase major equipment items
of a similar type with one vendor.
While this resulted in a lower cost
for the equipment, a single vendor
was not able to produce the equip-
ment for delivery at one time.
Rather, he completed the equipment
piece by piece for a long period
of time and this delayed substan-
tially the delivery of the final
piece of equipment. The second
delay was that there was misunder-
standing between the engineering
‘eontractor and the equipment vendor
concerning the details to be shown
] on the vendors' drawings. Since th
t engineering design was done in one
country and most of the equipment
wvas purchased in other countries,




Questionnaire

-13-

part 11. _Project Scheduling and Identiffcation of Delays, Continued

10) List below the major activities of Stage ) -- construction and

tar

A

)
Major
Activity
Kumber

- ——

yp.

@)

Description of Major
Activity

13

17
10

19

3
a2
n
24
3]

3
20

Clear site and build
roads

Pour foundations

Install major equip-
ment as follows:

Crusher

Plant unloading
squipment

Kiln

Nill

Mill conveyor

Power plant
Electrical

Heat exchange
Homogenizer and cooler
Blending and storage
Packing machine
Other equipment
Construct buildings

Start up plant

3) (4) (5) (6)
Planned Actual Difference | X Difference
Duration | Duration )-Q3) (3)/(3)

___jﬂgpths[__ (ionths) N e
3 3 -
3 3 2 ¢
3 3 | -
) : |-
‘ s 1.
!
¢ ¢ i -
!
3 2 ' -
¢ ¢ !
|
¢ ¢ | -
b | 3 -
¢ 3 -
3 3 -
2 2 -
¢ 7 )| 17
¢ ¢ -
3 1 -




rQuel tionnaire '

. Part 111, Reasons for Delays, Continued

2) Stage 2 -- bidding, contracting and procurement,

) (2) (3) (%)
Ma jor % Delay
Activity Description of Major | (Coluun (5) | Cause of Delay. (Please be specific
Nunber Activity of Part II) | and deteiled. Use extra sheets if
necessary.) _

excessive delays occurred in
transmittal of drawings and
correspondence concerning this
‘subject., At least two months

of the delays could be attributed

' to this.

; » Pumps & Drivers 109 ? Primary cause of this delay was the

‘ underestimation by the engineering
N Compreasors 30 contractor of the time required

t’ for delivery of the equipment.

Secondly, the decision to place
all the orders with one vendor
caused the delivery to be spread
out over a long time period.




Part II1.

{ .Questionnaire

Reasons for Delays, Continued

3) Stage

(1)
Ma jor
Activity
Nunber

L)

L} )

3 -- construction and start-up.

(2)

Description of lajor
Activity

(3)
% Delay
(Column (6)
of Part 1I

(4)

Cause of Delay.
and detailed,
necessary.)

(Please be specifi¢
Usc extre sheets if

Yard work including
gsewers and access
roads

Install Foundations

Construct Buildings

Install Equipment
Towers
Furnaces

Tanks

Install Above Ground
Piping

Install Instrumenta

Install Electrical’
Items

Install Insulation and
Fireproofing

aint

Startup Plant

&notall Yard Structurea

114

63

The delay in the design engineering
work caused a delay in sending
the final drawings to the field.
This delayed the completion of
these activities.

The completion of other parts of the
- project were not affected by the
completion of the buildings.
Therefore, the buildings were not
given priority in the allocation
of labor and the job lingered on
for a long time.

This was delayed by the lateness of
arrival of the final engineering
drawings to the field.

The completion of this work was
delayed because of the long
period of time over which
equipment deliveries were made.
The original schedule contemplated
that the equipment would be
delivered in a short period of
time and be installed in a short
period of time. In actual fact,
since the equipment was delivered
over a long period of time, the
installation took place over a
long period of time.

The engineering contractor had not
had any experience in starting up
plants in this country and under-
estimated the problems involved in
checking out the plant and getting
it operating. No major problems
wvere encountered, but a host of
minor problems were.




Questionnaire
-20-

Part 111, Reasons for Delays, Continued
4) Stage & -- build up to capacity production.

() (2) 3) (4)

Ma jor % Delay
Activity Description of Major | (Column (6) | Cause of Delay. (Please be specil:
Nunber Activity of Part II) | and dcteiled. Use extra sheeis ([

necessery. )

———

-




l;euionnatre
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pors 111. Reasons for Delays, Continued

3) 1If no formal scheduling procedure was used for this project,

please give below as much information as you have about delays,

their time and causes.




Questionnaire

Part 1V. Project Cost Informationm

1) 7Total project investment (actual, if different from planned)*

?)
y»
4
)

‘)

7N

$9.0 million

Major cost elements:

Land ' $103,000

land preparation $37,000

-

Non-residential buildings and plant_ $99,000

Capital equipment $7,930,000 (includes installation)

Housing None

Roads, railroads & access__$31,000

Water Already available

Power Already available

Yees and services  $800,000

Other -

Foreign currency component of projcct (actual) $6.0 million

Local currency comnonant of project (actual) $3.0 million

Source(s) of foreign currency (or lending agency)Parent company of Fali Olefins

Source(s) of local curreﬁcy (or lending agency)Parent Company of Fali Olefins

Terms of foreign currency loan (1f any) -

Torns of local currency loan (if any) =

—_— ‘ ]

improveneuts, owned power supply, and so forth, that zre required for
the successful ccupleticn and operation ol the project.

*Includes 211 cost elements such as housing colony, land, road




——r

Baad . o

8)

9)

10)

Questionnaire ) -23-

On what date was the foreign capital component of the investment

for this projcct allocated? - . Was 1t unavailable

for other projects thereafter? No .

Was all or part of the foreign exchange component of the investment

committed on the above date? Please explain No

Additional comments or information that respondent feels may .be

helpful to UNIDO in this study.

The implementation phase of this project lasted for 51 months

instead of 41 months as originally planned. These delays can be

attributed primarill.tbq__a_.c_ombiqggl_on of a) deliberate action taken

on the part of the owner, b) inexperience on_the part of the engineering

contractor in constructing plants in the country, and ¢) an unrealistically

short schedule in the begirning.

- pe—

The owner delayed the project in-three different ways: a) the .

owner decided to have all the equipment orders for a given type of

equipment placed with one vendor in order to save on the cost of the

equipment. Howevel, this caused the equipment deliveries to_be spread

Out over a long period of time and this was the largest_iingle_cause

of delay in the pProject; b) the owner's engineers got very involved

with the process design: this resulted in delays, which delayed various

other parts of the project: ¢) the owner's engineers became very

involved with the approval of bids, which delayed material delivery

and thereby delayed construction. The original schedule had been made

on the basis that the owner's engineers would not delay the work of the

engincering contractor.




e el

23\~

The engineering contractor had never built a plant in this
eountry before and his unfamiliarity with the country caused the
project to go slower than he had scheduled. (However, he did
mnot have trouble procuring equipment licenses or getting the
material through Customs, although he had thought that he might.)
Part of the inexperience in job scheduling came about because of
& lack of accurate data for the engineering contractor to use
in scheduling the construction work. The engineering contractor
estimated the construction man-hour requirements for the job on
the basis of U.S. practice and then translated this into local
personnel on the basis of four local man-hours needed in place
of every one U.S. man-hour. While on the average this was
slightly conservative in that slightly less local man-hours were
used than estimated, it still caused delays because of the
differences in productivity between various crafts. In other
words, in some cases a local man-hour produced essentially the
same smount of work as a U.S. man-hour. These were in cases such
as welding, where the technology was such that the local worker
had to be equipped with modern tools. However, in other areas
where the technology of the construction was such that the local
worker did not have to be equipped with modern tools, the output per
san-hour was sometimes only one-eighth of that of a U.S. man-hour,
because the U.S. man would be equipped with modern tools for such
tuko..

Finally, the schedule was too optimistic in that it did not

allov ample time for the amount of time required to do the purchasing



-23-

ta & nusber of countries and deal vith vendors vho were not
weed to prsparing drawings according to ths standards requirsd
by the engineering contractor.

Some of the items were delayed deliberately because the
work did not affect the completion of other phases of the projsct

and thersfore wvas given lower priority.




[;lutionnaire

Name of person(s) filling out this questionnaire

James Vest -

Title and affiliation Project Manager, Transnational Engineering

Company

Ma{ling address__ 11 Stella Road, Belmont, Massachusetts

Date October 12, 1968
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® pess 11, Continved
30) Stage 3 -- gonstruction and start-up, continued.
() 2) 3) 4) () )
Kajor Planned Actual Difference |[X Difference
Aetivity | Description of Major | Duration Duration (4)-(3) (35)/(3)
_Jumber Activity (Months) | (Months) - .




Cage 5: Las Salinas Textile Mill®

Ihe Project

The Las Salinas Textile Mill, owned by Las Salinas, S.A., is
Jocated in a Latin American country. It is an integrated textile mill
capable of producing 10 million meters of cloth. The mill includes
preparation, spinning, weaving and finishing operations, and the nec-
essary services such as electric power substations and laboratory
equipment.

The textile mill was financed partially with funds from Las
Salinas, partially from a loan by an international lending organizationm,
and partially from a local mortgage bond issue. The cost of the project
was $5 million, of which $1.8 million was from the international lending
organization and $2 million from the local mortgage bond.

Las Salinas already owned one textile mill before this new
mill was built. The Las Salinas engineering department was responsible
for specifying and purchasing the equipment, doing the engineering design
on items such as the building and other civi! works, and supervising the
construction work. The major items of equipment were imported from Europe

and the United States, and the equipment vendors designed the equipment.

Pelays in Implementation

The plant was scheduled to be completed in September 1966, but
it was not completed until June 1967. Because of some problems with
equipment operation and because of the time required to train the workers,

the plant did not reach design output until November 1967.

*Name disguised.
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Pelays in Implementation
. The order for the major items of equipment was placed in

February 1965. This occurred before the company had secured the nec-
essary financing for the plant. Some four months after the equipment
orders had been placed, the commitment for extra financing was obtained,
but this commitment was contingent on Las Salinas' obtaining the needed
local financing and having its accounting records audited. It took an
additional seven months for Las Salinas to meet these conditions. This

delay in financing started a chain reaction which ultimately resulted in

a delay of approximately seven months in completing the project. First,
the construction of the building was not started until the conditions on
the financial commitment were met. This resulted in a delay in completing
the building, so that equipment began to arrive at the job site before
the building was complete. When it became obvious that the equipment
. was being delivered before it could be installed, Las Salinas asked the
suppliers to delay shipment of some of the equipment. The suppliers
delayed the subsequent shipments for too long a period of time so that
wvhen the building was complete and ready for the installation of the
equipment, all of the equipment was not available.
Another factor which delayed the installation of the equipment

vas that the building design was modified part of the way through the

project when it was discovered that the floor area was not adequate and
that additional space had to be provided. Also, the building design was
changed to provide better light.

The firm's engineering department used neither a bar chart nor

& network scheduling technique. As a result, detailed scheduling information

’ is not available for the project.




' .

The Cost of Delays

The cumulative delay in completion of this project was nine
months, the period from September 1966 to June 1967. We will use
Exhibit 8 under Part IV, Analysis of Completed Questionnaires. Neither
the foreign exchange component nor the local exchange component of the
iavestment was committed at the start of the project; hence, the invest-
ment was made on a pay-as-you-go basis. If a 15% discount rate is used,
the reduction in net worth of the project is approximately 3.5%, or
$175,000. (This value of 3.5% is obtained by interpolating between the
2.5% for 0.5 year and the 4.5% for 1.0 year in column (2) under "Pay-As-
You-Go' heading under "Delay in Project Completion" for the 15% discount
rate.)

Using the same exhibit, we can determine under the heading
"Time to Reach Full Capacity Production,” that the reduction in net worth
of the project because of the five months required to reach full capacity
production is 4%, or $200,000 (the 4X was obtained for the five-month
delay by interpolating between OX for 0 years and 5% for 0.5 years).

These two factors combined to reduce the net worth of the

pboject by 7.5%, or $375,000.
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, UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZAT ION

Questionnaire

DELAYS IN IMPLEMENTING INDUSTRIAL PROJECTS

This questionnaire is part of a study being conducted by the United
Nations Industrial Development Organization for the purpose of learn-
ing wmore about the causes and costs of delays in implementing indus-

trial projccts in developing countries.

The questionuaire has been gent to you for the project named below

on the basis of a random sclection and not because of any knowledpe

of declays in this project.

Project namc Las Salinas Textile Mill*

Country Lnt}n America

-

S

Once filled ir this questionnairc will be kept confidential. Specific
project information will not be divulged. Only totals, averages and
general otsecvations will be published.

You are asked to complc*e this questionnajre as promptly as possible

and return it to the United Nations Industrial Development Organiza-

tion, Frlderhause, Rathausplatz 2, 1010-A Vienna, Austria,

Thenk you for your assiztance.

*Name disguised.



"{Questionnaire -2-

Pefinition of Terms Used

"Implenentation Phase'

The implementation phase is taken to be the work starting
with detailed project planning and design, through construction and
start up, to the time when the project is functioning in a satisfactory
manner at, or near, its rated capacity. Thus, the decision to invest
{8 assumed to have bcen made; the product, general process, scale,
market, financing method, and general location have been decided
upon. Goverument approval is assumed, at least in principle, and the
investrnent funds, including foreign exchange, are assumed to be
allocated and available. At this point implementation beginz. It
includes site selection, detailed design of the project to accommodate
it to the site and to final engireering changes, bicdding, contracting
and procurcment, construction, production start-up, and build-up to
capacity.

llul, !ll

Project delay is defined to mcan falling behind schedule
25% or more of the planned time of achicvement for any major activity
of the project. '

"Activity"

Activity is used in the precise meaning it has in ber chart
sclieduling or network scheduling. It is assumed that every large
scale industrial project will have bean scheduled with one of these
methods. Figurc 1 shows the meaning of activity as used in these
scheduling methods. An activity is a logical subdivision of the
project work that can bc scheduled as an entity because it is
distinctly different from that which precedes cr follows it. Thus,
the simple tar chart of Figure 1 shows Activity A of one week
duration, Activity B of 8 weeks duration, and so forth. 7Tho <imple
network {llustration shows activity 1, Purchase Pumps, of 5 months
duration, activity 2, Install Pumps, of 7 months duration, and
activity 3, Dewater Site, of 8 months duration.

"Major Activicy”

A major activity is one that is scheduled in monthe, rather
than days or weeks; that is, an activiiy whose planned duration is at
leas: oune month. Since this study covers only large industrial
projects of over $§1 million value, and implementation periods
ranging from about onc to eight years, it is neither necessary nor
desirable to investigate delays in activities shorter than this,



Questionnaire

Pefinfition of Terms, Continued

“planned Time of Achievement'

The planned time of achievement is not necessarily measured
by calendar dates; that is, day of the week or month, but by time
duration, or number of days. Thus it is possible for a major activity
to be completed later than the scheduled calendar date and still not,
in itself, be a "delayed activity," in the meaning of the definition
of this study. This could happen if a previous activity were delayed,
thereby moving back the starting date of the referenced activity.
Another way of putting this point is that delays are not necessarily
cumulative. Each major activity 1is judged with respect to its
planned elapsed time, as shown on the original schedule (or any
revisions thereto made prior to the start of the referenced major
sctivity) and not with respect to the calendar as such.

With this meaning, then, it is possible that an industrial
project may suffer delay in one or more major activities and yet be
completed by the scheduled date. The study is designed intentionally
to include this possibility, for otherwise some important instances of
delay may escape the survey. On the other hand, it is not possible for
8 total project to fall 25% or more behind schedule unless one or more
of its major activities does so.
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. . igure 1 - Mcaning of Activity
$imple Bar Chart
‘ Time in Weeks

“::1‘" Activity

y August September Octaober
Label Descrip-

tion 1 2 3 4 1 2 3 4 1 2

A Activity A @

s e s | AT,
f | | c Activity C //V///j

D Activity D ' %
)

gimple Network
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QueltionnaireJ s
. Part 1., Gencral Project Information
' Las Salinas
1) Country Latin American « 2) Project name Textile Mill
State or province - .
3) Project ownership
Public (Agency or Department) - e
Private (Corporaticn name) Las Salinas, S.A. .
Joint public-private - .
§) Implementing agency (ies) -

$) Prime contractor(s) Owner

- —— -

6) Type of contract (describe)  Owner signed fixed price purchase

. orders for equipment

— —

7) Project description _ An integrated textile mill to produce cloth

from raw cotton. Includes preparation, spinning, weaving, and

finishing operations plus required service facilities.

8) Products to be produced cloth .
9) Planned annual capacity 10 m{illicn meters ) e
10) Planned total employment at full capacity 800 .

11) Comments or explanations for any of the items of Psrt I (if necessary)

las_Salinas already owned a textile mill. This new mill was built

adjl_cent to their old mill,
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Fﬂestionnaire‘ | e
j

1n the next two parts (Parts 11 and 111) of the questionnaire we

divide the project implementation phase into four stages:
Stage 1. pim__i_loe_d;ngj.c_c_g.j_l_apping (including site selection,

detailed engincering design, and cost estimating).

$tage 2. Bidding, contracting_*ag_c_l_y*@curemen.t_.

$tage 3. Construction and start-up.

Stage 4. gg}}d-up__tg___cgyacity.p_gg‘duction.

L —

We realize it is not alvays possible to divide project work into these

four stages. If you find you cannot do 80 for this project, plcase
change the stage definitions above and on the following pages to

ones that you can use systematically for the rest of the questionnaire.

N 7]

Note: If neither a bar chart nor a network schedule was mad: for

the gglementatigp__y}_\_@se of this project, do mot attempt to

£111 out the activity listings on the following pages. Turn

directly to pagc 21 at_the end of Part 1I1 ap_c‘dogoxvide_ﬂ\_gi

PheSheuree

’ineral information you can. Also, please complete page 8.

-

L

Note: Neither a bar chart nor a network schedule was made for the
implementation phase of this project; therefore, pages 7 and 9
through 20 are omitted from this completed copy of the Las
Salinas Textile Mill questionnaire. .




.|Questionnaire

part 11. Project Schedulinpg and ldentification of Delaya, Continucd

$) On what dates did the following events acfually occur?

a) Implementation phasc of project actually started* October 1964 |

») Foreign exchange portion of funds committed by government

¢) Final approval of project by government_ October 1964 .
d) CGround breaking October 1965 .
e) Start of production (plant “on-line")__ June 1967 .

f£) Capacity production achieved (implementation phase ended)

e

November 1967 .

tgee definition of "implementation phase.”

6) On what date vas the project originally scheduled to start production

(go on-line)? September 1966 .

7) On what date vas the project originally scheduled to reach full

capacity production? December 1966 .
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. pest 11. Project Scheduling and ldentification of Delays, Continued
31) List below the major activities of stage 4 -- build-up to capacity
production.
Q1) (2) (3) (4) () (6)
Major Planned | Actual Difference | X Difference
Activity | Description of Major Duration | Duration (4)-(3) (5)/Q3)
_Number | __Aetivity - (Months) | (Months)

- e ]+ A= e e

@ Build up to capacity
output 3 12 ’ 300

"Pelay’ has been definc” esarlier to moan "falling beh’nd schedule 25X

g wore of the planned time of achievement.”

Wherever a number of 25X or larger appears in column (6) of the above
f4stings for a~y of the four stages, circle the corresponding activity
sumbes. These are the activitics we will consider to have hcen delszyed,

fn the folloving part of this questionnaire ve scek the reasore for

these dclays.

| .




Questionnaire

Part III. Reasons for Delays, Continued

$) If no formal scheduling procedure was used for this project,
pleasc give below as much information as you heve about delays,

their timc and causes.

A. The major delay of the project resulted from a delay in obtaining
the necessary financing from the international lending organization.
The following chain of events occurred and it is estimated that the
resulting delay of project completion was 7 months.

1. An order was placed for the major equipment in February 1965.

2. There was a delay in applying for the loan from the international
lending organization, and this loan finally was approved in
June 1965: but approval was contingent on the company's
obtaining local financing and on obtaining an audited statement
of its financial records.

3. The contingent terms of the loan were not met until January 1966,
and no disbursements could be made against this loan until that

time,
. &. The delay in obtaining this financing delayed the start of
construction of the main buildings. As a result, the equipment

started arriving at the job site before it could be installed,
because the building was not complete.

S. Because of this pile-up of equipment at the job site, the loom
manufacturer was requested to hold up on additional loom shipments.

6. When the building was complete and ready for the equipment
installation, the equipment at the job site was installed.
However, the looms for which delivery intentionally had been
delayed were not available for installation. These looms did
not arrive until 4 months after the building was complete.

B. The only other important source of delay was a change in the design
and size of the building. The building design was modified to
provide better light and the building size was increased over that
originally planned. -

C. Some difficulties were experienced with the equipment and with the
training of the operators. Thus, it took 5 months after the plant
was operating before it produced at capacity output.
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Part 1IV. Project Cost Information

1) Total profect investment (actual, if differenmt from planned)*
$5.0 million

Major cost elements:

Land _Already available

Land preparation $20,000

Non-residential buildings and plant_$450,000

Capital eauipment _ $4,520,000

-

Housing -

Roads, railroads & access_$10,000

VWater Already available

Pover Already available _

——— o it ¢ et et

Pees and services -

Ogher -

2) Foreign currency component of project (actval) $3.5 million

3) Local currency component of project (actual)__ $1.53 million _

4) Source(s) of foreign currency (or lending acency) International lending

organization (part)
$) Source(s) of local currency (or lending agency) Company and local

mortgage loan

6) Terms of foreign currency loan (if any) $1,800,000

for 9 ycars at 7-1/2%

7) Terms of local currency loan (if any)_ $2,000,000 for

8 years at 10%

A - —— - - ———

#Includes 211 cost clements such as housing colony, land, road
fmprovereuts, owned power supply, and so forth, that are required for
the successful ccopletien and operation of the project.




8)

9)

10)

Questionnaire] ) «23-

On what date was the foreign capital component of the investment

for this project allocated? _ - . Was it unavailable

for othar projeccts thereafter? No .

Was all or part of the foreign exchange component of the investment

comnitted on the above date? Please explain No

Additional comments or information that respondent feels may be
helpful to UNIDO in this study.

An.attempt was made to keep track of the progress of this

project by marking up a layout drawing of the mill., A different

color was assigned for each possible status of each item of

gquipment., _For example, green meant the equipment was on order,

zed peant the equipment had been shipped, and so on. A copy of

she layout drawing was then colored every 3 months to indicate

the current status of the project.

while this nie.thod gave some indication of the status of the

equipment, 1t did not aid in scheduling the project.
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Mame of person(s) filling out this questionnaire

Ing. Jose Duro

12) Title and affiliation Head of Engineering Department,

__Las Selinas, S.A.
13) Mailing sddress___ Aptedo 456, L Ciuded Vielo. Latin Anerica . |

et a—— ——

14) Date October 15, 1968 .
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