G @ | TOGETHER

!{’\N i D/? L&y

=S~ vears | for a sustainable future
OCCASION

This publication has been made available to the public on the occasion of the 50" anniversary of the
United Nations Industrial Development Organisation.

’-.
Sy
B QNIDQI
s 77

vears | for a sustainable future

DISCLAIMER

This document has been produced without formal United Nations editing. The designations
employed and the presentation of the material in this document do not imply the expression of any
opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development
Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or
degree of development. Designations such as “developed”, “industrialized” and “developing” are
intended for statistical convenience and do not necessarily express a judgment about the stage
reached by a particular country or area in the development process. Mention of firm names or
commercial products does not constitute an endorsement by UNIDO.

FAIR USE POLICY
Any part of this publication may be quoted and referenced for educational and research purposes
without additional permission from UNIDO. However, those who make use of quoting and
referencing this publication are requested to follow the Fair Use Policy of giving due credit to
UNIDO.
CONTACT

Please contact publications@unido.org for further information concerning UNIDO publications.

For more information about UNIDO, please visit us at www.unido.org

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria

Tel: (+43-1) 26026-0 * www.unido.org * unido@unido.org


mailto:publications@unido.org
http://www.unido.org/

21512

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
VIENNA, AUSTRIA
AND

ARAD INDUSTRIAL DEVELOPMENT AND MINING ORGANIZATION
RABAT, MOROCCO

PROJECT PROFILE
ON
UNDERGROUND CABLES

FINAL REPORT

e

DEVELOPMENT CONSULTANTS INTERNATIONAL LIMITED

MANAGEMENT CONSULTANCY DIVISION
24-8 PARK STREET, CALCUTTA 700 016, INDIA




PROJECT PROFILE
ON
UNDERGROUND CABLES

APRIL 1996

DEVELOPMENT CONSULTANTS INTERNATIONAL LIMITED
MANAGEMENT CONSULTANCY DIVISION




DEVELOPMENT CONSULTANTS INTERNATIONAL UIMITED

CONSULTING ENGINEERS

Suite 1295. Hong Kong Arts Centre

2 Harbcur Road, Waa Chai, Hong Kong

Tel: (852) 577 ¢877 - Fax: (852) 802 2100
Telex : 83213 AFNDC HX

DCIL-105/AC-5/1115

Uniled Nalions Induslrial
Deve lopmenl Organizal.ion
Vienna InLernational Centre

P.0. Rox 300
A-1400 Vienna
Auslria

Atln : Mr V. Koloskov

Project Profile on Underground Cables

Dear Sirs :

We Lake pleasure in submitiing Lo you Lwenly (20) copies of

our Final Report on the above subject.

We trust that you will find the present report
responsive Lo your requirement.

We look forward Lo
organigation in future.

further associsal ton

Thanking you,

April 10, 1996

useful and

with your

Very truly yours
DEVELOPMENT CONSULTANTS
INTERNATJTONAL LIMITED

sstomyponys
Siddhartha Ganguly
Projecl Coordinator

I
A 4
GROUP ML .+ 288 PARK STRCET, CALCUTPTA-770 M8, INDIA o TEL £ 2078915, 207A09-12 « FAX + {91) 23 272027, 290340 » 1|\.X : 221-%42) ?CFL 10, 0219824 KULJ IN

[
1
i




INDEX



DEVELOPMENT

SECTION

SECTION

SECTION

SECTION

SECTION

SECTION

SECTION

SECTION

SECTTON

SECTION

SECTION

SECTION

SECTION

10

12

13

CONSULTANTS

INDFX =: TEXT

INTRODUCTION

SUMMARY OF FINDINGS

PRODUCT ANALYSIS

MARKET ANALYSIS

PI.ANT 1.OCATION

MANUFACTURING PROCESS

PLANT AND EQUIPMENT

RAW MATERIALS AND OTHER INPUTS
OTILTTIES

SPACF AND LAYOUT

MANPOWER AND ORGANISATION
FINANCTAL, ANALYSIS & FVALUATTION

PROJECT IMPLEMENTATTION PLAN




10

11

INDEX

Scope ol servicoe

Summary of findings

Comparison in costs of underground cables and

overhead lines

EXHIBITS

DEVELOPMENT
CONSULTANTS

Cross section of typical cables

Physical and electrical properties of conducting

materials

Thermal and electrical properties of synthetir

dielectrics and impregnated paper

Insulation thickness of synthetic diezlectrics

Classification of pressurized cables

Censtruction of a typical XLPE insulated cable
Fstimated arrual requirement of underground cables

Estimated annual demand for underground cables

Process flow sheet @ Cables

Typical tayout of CCV plant

Typicai tayount of tong land die machine

List of warn plant and equipment

Redquirement of 1aw materlais

Summairy af power reguiement
Summary of water pedquisement

Redquirement of rquipment tfo

and consumabies

wilities

Section

4

h

b

6




DEVELOPMENT
CONSULTANTS
sho. Title - ) Section
20, Requirement of misce!l laneous equipment. 9
2 . Sunmmry of spRee requi resnent 10
22, Tayout of Cable Manufact uring Plant 10
23. Block layout. @ Cable Manufacturing Plant. i0
24. Reguirement. of worlmen in the plant. 1
25. Requirement. of managerial, supervisory and other staff 11
26. Organisation chart 11
27. Statement of monthiy salaries and wages 11
28. Est.imated project onst i2
29, Phasing of capital expenditure 12
30. Estimat.ion of interest during oonstruct.ion 12
31. Margin money for working capital 12
32. Statement of production and sales 12
33. Statement. of revenue 12
34. Cost. of product.ion and rales 12
35. Pro jected profitabilily statement 12
36. Statement. of (ixed assets and depreciat.ion under 12
straight. line method
37. Tax computal.aon 12
18. Depreciation for Lax 12
39, Working capital reaguiresents 12
40, Projected cash (low st atenent 12




i > enme. . PET R ) - . RSN . a

(1ii)

DEVELOPMENT
CONSULTANTS

S.No. Title Section

41. Projecled balance sheet. 12

32, Break—even analysis 12

(AL 100% lenver]l of utiilisation)
43. Interrsi]l rate of relurn 12
44, Project implementation schedule 13




CCvV
Cmil/ft
EC (grade)
EHV
g/cm3
HD

HV

IRR
l1b/in3
1b/mi1
LD

MCC
MDCV
mm? /o
MV

RCC

vyCv

LTST OF ABBREVIATIONS

Continuous catenary vulcanisaltion
Circait miles/feel
Electrochenical grade
Extra High Vollage

Gr m/cubic centimeter
High density

High voltage

Internal Rate of Return
Pounds per cubic inch
Pounds per circuil mile
Low density

Machine Control Centre

Mitsubishi Dainichi continuous vulcanisation

Square meters per meler
Medium voltage
Reinforced concrete construction

Vertical catenary vulcanisation

DEVELOPMENT
CONSULTANTS




SECTION - 1
INTRODUCTION



DEVELOPMENT
CONSULTANTS

INTRODUCTION

The Sixth Arab Industrial Development Conference held in
Damascus in October 1984 stressed the importance of setting
up facilities for manufacture of products used in
electricity generation, transmission and distribution, as
the prime priority among the Arab joint venture projects. As
a follow-up measure, Arab Industrial Development and Mining
Organization (AIDMO), prepared a sectoral study covering the
major issues relating to status of electricity generation,
growth prospects and requirement of equipment/facilities in
the Arab countries upto the year 2010 AD.

Based on the findings of the sectoral study and 1in
consultation with UNIDO, AIDMO has shortlisted 8 products
for which it wants to get project profiles prepared. One of
these products is Underground Cables. The objective of the
project profile 1is to provide sufficient information to
attract prospective promoters and sponsors in Arab and other
countries to set up manufacturing facilities in the Arab
region. This will result in the Arab region achieving self-
sufficiency in the production of electrical equipment over a

definite period of time.

The Scope of Work for the present study has been summarised
in Exhibit-1. A separate market survey, according to AIDMO,
was not needed for the purpose of this project profile since
the information and projections as contained in the sectoral
study carried out by them was considered to be adequate.
Therefore, the Section on ‘Market Analysis' is, to a large
extent, based on the inputs extracted from the report on
Sectoral study carried out by AIDMO.
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The contents of this report have been organised in a manner
so as to present the reader with a logical sequence of

analysis and findings.

Salient features of the project have been summarised in the
following  Section.  The next Sectiron desceribes the  prodact
with a view to familiavise the reader with 1ts  features,
characteristics and uses. The Section on "Market Analysis',
provides demand projections. Plant capacities and the
possible locational alternatives for establishing the
proposed manufacturing faciiities are discussed in the next

Section.

Manufacturing process is dealt with in a separaté Section
followed by a Section on ‘Plant and Equipment'. Estimation
of raw materials and inputs, requirements of utilities and,
estimation of space and laycut are presented 1in separate
sections. This 1is followed by a section on estimated
requirement of manpower and the recommended orqgantisation

structure.

Project cost estimates, detailed financial analysis anrd
financial evaluation are presented in the Section titled
‘Financial Analysis and Evaluation'. The last Section o~ the

Report presents a plan for implementation of the project.
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: DCIL-105 FXHIBIT : 1

UNITED NATTONS INDUSTRTAI. DEVELOPMFNT ORGANTZATION

AND

ARAB TNDUSTRTAI. DEVFLOPMENT AND MTNJNG ORGANTIZATION

PROJECT PROFILE ON UNDERGROUND CABLFS

SCOPF. OF SERVICE

The Scope of Lhe Projecl Profile, among others, includes the
following :

Description, special characteristics and features,
and ures of Lhe product

Identification of major erd-user i1ndustries
Assegament of present production capacities

Assessment of supply and demand for the product in
Lhe Arab World

Identification of demand-supply gap and evaluation of
the possibility of entering the market

Descripthon of basic manufacturing processes and
gelection of a suitable process

Process flow chart.

Brief specifircation of plant and machinery, their
sources and prices

Extaimaled requirements  of  raw materials, Lhesr
sonrces and preices

Estimated requirements of ubtilitiesn such an  power,
waler, compressed avr, fuel oil, etco.

Esl imat.ed reguyrement of manpower
Eslamates of gpace required and plant. 1ayoul
Selection of locabion [or Lhe plant

Project cost et imal e
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The study covers the Arab World consisting of the following
countries:

Project financial analysis including the following :

CONSULTANTS

DCIL-105 FEXHIBIT : 1

Phased Capatal Expenditure Plan
Costs of Prodoct ron
Comput at 1on of Work:mg Capatal
Statements aof Toaventory, Interest & Depreciat ion
- Tax Computation
- Projected Profit and Loss Statement
- Projected Balance Sheet
- Projected Cash Flow Statement
- Financial evaluation 1including
* Break-even analysis
* Internal rate of return
- Project implementation schedule

Algeria - Rahrain
Fgypt - lrag
Jordan - Kuwailt
Libya - Morocco
Saudi Arabia - Sudan
Syria - Tunisia
U.A.F.
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SUMMARY OF FINDINGS

Our findings reveal that there is a large requirement of
Underground Cables in the Arab region. However, only a part
of this demand )s suggested to be wmet through local
manufacture because of the high technology involved. Only
one manufacturing plant is recommended to be set up at Libya
with a capacity to manufacture 4600 km of EHV/HV/MV cables
per annum.

Sunméry of basic parameters and significant features of the

project are presented in Exhibit-2.
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JOB NO. : DCIL-105 EXHIBIT : 2

-

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
AND
ARAB INDUSTRIAL DEVELOPMENT AND MINING ORGANIZATION

PROJECT PROFILE ON UNDERGROUND CABLES

SUMMARY OF FINDINGS

1. Planlt Location : Libya
2. Planl Capacitly : FHV/HV - 600
{Km/annum) MV - 4,000

3. Area Requirement (SgM) : 49,500

4. Manpower Requiremenl (Nos) : 262

5. Project Cost (S Million) : 37.2

6. Break Even Poinb (%) : 345.0

7. TRR (%) : 50.5
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PRODUCT ANALYSIS

The electric power in bulk 1s transmitted from a power
generating plant to varicus load centres and vsers either by
overhead Jines or by underground cables. The cverhead lines
are extensively used for the transmis=ion and distribution
of electric power in rural areas. In urban areas, because of
dense population, lack of space, safety and environmental
factors and aesthetic considerations, it is a common
practice to install underground cables for power

transmission and distribution.

Owing to environmental limitations both the electrical and
thermal requirements are more severe 1in the case of

underground power cables than for overhead transmission

lines.
EY.2CTRICAI, PARPMETFRS

Four important electrical parareters concerning underarnound

cables are -

0 Insulat ton
o (',.!t.u'l?,ln.’:-
) Induct ance-

O Skin Effect

Insulation

The: underqgiound cables, s the name implies, are buried in
the qground. It as obvious that the system cannotl use  bare
wire conductors.  The conductors need insulation ali along
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their length for preventing direct contact between the
conductors and the surrounding objects. In order to protect
the conductor and the insulation from any mechanical
damages, corrosion, moisture and dangerous chemical or
electrochemical attack, the conductors are provided with

suitable external converings.
Capacitance

A cable 1is usually 2 bundle of conductors separated by a
suitable insulation. Capacitance of a cable is the function
of the distance between the conductors as well as relative
permitivity of insulation and its thickness. When an A.C.
cable 1is energised, 1its capacitance produces a cuarging
current which can adversely affect not only the current
carrying capacity of the cable but also the vcltage
regulation and electrical stability of the system. Under
high lcad conditions, the capacitance of an extensive cable
n2twork could generate considerable reactive power.
Neutralisation of the above reactive power needs
ingtallation of shunt reactors at regqular intervals in the
cable network. Such reactive compensation for a 400 KV A.C.
oil-filled cable must take place in every 24 kms. The
installation of shunt reactors at 24 kms.  interval can add

upt 255 to the cost of cable anstallation.

In +ragse of D.C. underground power transmisision no steady-

state charging current 15 generated. Therefere, these arve no

technical limitations on the distance of underground
transmission. Consequently, D,C, power cable offers a
practical solution in long distance underground transmission

systems.  However,  the cost of conversion from A.C. to D.C.
at  the poant of gencratron and subsequently  from D.C. to

A.C. at taooad centres necdy carefu) gtoudy and analysisg,
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Inductance

Distances between conductors in a cable are less and this
results in neutralisation of magnetic fields around then.
Hence, 1inductance in the underground cable is not of much

significance.
Skin Effect

Skin effect is an A.C. phenomenon whereby alternating
current tends to flow more densely near the outer surface of
a conductor than near the centre. This is caused by the fact
that the magnetic flux linkages of current near the centre
of the conductor are greater than the linkages of current
flowing near the surface of the conductor. The net result is
that the effective resistance of the cable is greater for
alternating current than that of direct current. Resistance
increases as the conductor size and the frequency increase.
It 1s a'so a function of the relative resistance of the
conductor material and is less for materials of higher
resistance. Thus the skin effect for a given diameter of

cable is more in case of copper than for aluminium.

THERMAL PARAMETERS

In an underground power cable,  heat s generated because of
the resistance  of conductors and diclectrie losses in the
cable insulation and  protectve COVOrings. As the
transmission voltages increase, the heat generated from the
diclectric losses constitute o significant percentage of the

total heat generated.

Tn case of 66 KV and 132 kY powesr transmission system,  heat
resulting  from the diclecipie tosses s 15% and 21% of  the

total heeat gencrat ed, while tn cage of 279 KV and 400 KV

Pines b iw 40% and 553 veupect ively.
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In an overhead transmission line heat is dissipated dirzctly
into the atmosphere by radiation and convection.
Unfortunately in case of underground cable this advantage is
not available. Further, insulation and covering materials in
the cable and underground environments have low thermal
conductivity, leading to a very poor dissipation of heat. In
order to avoid carbonisation of the insulant and the
converings of the cable, especially in case of higher
voltages, it 1is necessary to deploy mechanical means for

controlling cable temperature.

In the absence of any natural means for dissipatioﬁ of heat,
there is no other alternative but to fix the current
carrying capacity of the underground cables at a lower level
than that of the bare wire conductors in overhead 1line

transmission system.

For a given capacity of power transmission, the cost of
underground transmission system 1is more than that of
overhead transmission. The underground cabling cost is more
primarily because of heavier conductors and expensive
insulation. Comparative costs of the two systems are

presented in Exhibit-3.

Unde rground systems are  installed mainly for primary
distribution and secondary transmission upto about 132 KV,
The system is seldom used in case of transmission voltages
275 KV and above.

However, because of recent developments like artificial
cooling system, new type of cables like compressed gas
insulated cables, «cryogenic resistive cables and super

conducting cables with lower capacitance and higher thermal

|
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conductivity of the insulation, the underground systems are
being intr)duced for FHV transmission 1n many of the

developed countries.
CABRILE CONSTRUCTION

Various types of electric cables are used for wunderground
distribution and transmission of power. All types power

cables consist of three essential components :

o The metallic conductor which provides an electrical
conducting path. Conductor with its insulation but
without mechanical protection is known as the core of
a cable. A core may consist of one or seQéral wires

stranded together.

o The insulation of a cable, often called dielectric or
insulant, prevents direct contact and dangerous
proximity between the energized conductor and other

objects.

o The external protection preventing the ingress of
moisture, mechanical damage, chemical or electrical

attack, fire or any other harmful influences.

TYPES OF CABLES

All power  cables coan be daivided anto two  distincet  groups

based on pressure within their insulation

o Solid-type cables in which the pressure within their
insulation 18 not boosted above atmospheric, and may

even fall below it locally.

0 Pressurtzed cables in which the pressure is always
maintained ahove atmospheric, either by oil in oil-
filled cables or by gas in gas pressurised cables,

during all conditions of their operation.




In terms of number of cores, ower cables are claissified
i

as

o Single Core
0 Twoe or Twin Core
3] Three Core

¢ Four <Core
Cross sections of typical cables are shown in Exhibit-4.
MATERIALS OF CONSTRUCTION

As mentioned earlier the main components of an underground

power cable are

o Conductor
o Insulator

o Protective Covaring
Conductor

Copper and aluminium are the main conducting materials used
in power transmission. Copper used for conductors must be of
very high purity, copper content being 99.9%. Similarly the
aluminium should be of E.C. grade with aluminium content
being 99.,45%.

The  physical  and clectoieal properties of  the conduct 1ng

materials are shown 1n Exhibit-=5,

The conductor may be in the form of a single wire or a group
of stranded wires. The stranded conductors are employed to
increase the flexibiiity of the cable. In multi-layer
conductors alternate lays are stranded in opposite
directions. This form of construction gives tightness as

well as a smooth outmost surface to the cable,

DEVELOPMENT
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In calculating the resistance of the stranded conductors,
allowance must be made for the fact that apart from the
central strand of wires, the outer wires follow heliral path
and are slightly longer than the axial length of the cable.
The distance measured along the central axis corresponding
to one complete convolution of the 1ndividual strand 1s
called the lay. The length of lay in a stranded wire 1is
expressed as a ratio of the length of the helix and its
pitch diameter which varies usually fiom 14 to 20 for medium

size cables.

As compared with a conductor of egual dimensions but
composed of straight wires parallel with the axis, the
stranded conductor is slightly heavier. It has more
electrical resistance and internal inductance, but less

tensile strength.
Insulation

Insulation 1in an underaround cable nust have the following
characteristics to ensure safer and proper transmission of

power
0 High dielectric st rength
0 High insulating resistanes
0 Sufficiently low thermal resistivity
0 Reasonably low relative permitivity
0 Non-hygroscopie

0 Tmmunity to chemical attacks over a fairly wide range

of temperatures

DEVELOPMENT
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o Easy handling from the point of view of manufacturing
o Durability and long life

o Lowest possible cost, consistent with the above

requirements

The materials for insulation of modern power cables can be

broadly classified as follows

o Impregnated paper
o Synthetic dielectrics

o Compressed gases
Tmpregnated Paper

For many years, the preferred choice of dielectric for any
voltage range was impregnated paper, protected from the
ingress of moisture by metallic sheaths. Despite the fact
that medium voltage and high voltage power cables with
impregnated paper insulation have a good service record,
cables using synthetic dielectrics are steadily replacing

the former.
Synthetic Dielectric

At tne present time there are many synthetic and plastic
insulants  employed 1n manufacturing of power cables. The

most commonly used synthetic dielectrics are as follows

Polyvinyl-chloride (pvc)
Polyethylene (pe)
Cross-1inked polyethylene (xlpe)

c 0 o0 ©O

Ethylene propylene rupper (epr)




3 -9

DEVELOPMENT

CONSULTANTS

The thermal and electrical properties of the impregnated
paper and some of the synthetic dielectrics are given in
Exhibit-6. Insulation thickness of the synthetic dielectrics

for various cable sizes are given in Exhibit-7.
Compressed Gases

Sulphur hexaflouride, Freon and Nitrogen are known to have
good insulating properties and are mostly used 1in

compressed-oas-insulated underground power cables.

Sulphur Rexaf.ouride Gas : Sulphur hexaflouride is an
excellent high voltage cable insulant because of its

following characteristics.

o Di-electric strength - Sulphur hexaflouride has a
dielectric strength more than twice that of air at
normal pressure. 1It's dielectric strength increases
rapidly with pressure and at a pressure of 3 bar
(absolute) 1i1s egnivalent to that of high grade

insulating mineral oil.

o Heat transfer co-efficient - The heat transfer co-
efficient 1s roughly 2.5 times better than air under

same conditiors.
5) Non-inflamabie
o Non-toxic

o Inert and stable - The gas does not decompose even if
it is heated to 500°C in a quartz vessel.

o Contains no carbon which rules out subsequent
insulation break-down.
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However, 1t 1s an expensive gas and thus has to be filtered

and re-used.

Freon Gas : The main characteristics of this chlorofluoro

carbon gas are :

o high dielectric strength at relatively low pressure
o0 good heat transfer co-efficient

) possibility for carbon dissociation

Because of the last named characteristic it yields a certain
amount of extricated carbon. A similar phenomenon may occur
with faint discharges such as corona pulses. Although Freon
1s less expensive than sulphur hexaflouride, it does not

find wide application as a cable dielectric.

Nitrogen : Nitrogen is an inert gas and is normally used in
E.H.V. gas pressurised cable system to supress the effect of
cable ionisation. Tt can also be used in compressed gas

insulating line as an insulating gas.

The choice of gas is usually between nitrogen and sulphur
hexaflouride and, depends on the electrical stress which

control the overall dia of the system and its cost.
Protect ive Coverings

The  protective coverings for an underground cable  consists
of conductor screening, insulation screening and finally

armouring of the cable.
Conductor Screening

Stranding of the conductor can  increase the maximum
rlectrical stregs by about 20%. To alleviate this affect all

paper insulated cables with 4 rating of 5 KV and above are
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manufactured with conductor screens in the form of semi-
conducting carbon paper tape, lapped over the stranded
conductor. For synthetic or polymer insulated power cables
of the same rating, conductor screens are employed to
preclude  excessive electrical stress in voids between  the

conductor and the i1nsulation.
Insulation Screening

An 1nsulation screen has a number of functions to perform as

given below :
o To confine the electric field within the cable

o To obtain strictly symmetrical radial distribution of
electrical stress within the dielectric, thereby
minimising the possibility of surface discharges by

precluding tangential and longitudinal stress
0 To reduce the hz2zard of shock

3} To protecl the cable connected to overhead lines

subject to induced potential

9 To limit radio interferance

The et commonly used scvcens e oxt raded alumioruam. The

RN advantages  of  aluminium sheathed  cables  are P
follows
0 30-60% saving in weight in comparison to lead

sheathed cables.

0 Greater  tensile strength and creep resistance, good

vibration withstanding ability without cracking and

fat ique,
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o Improved mechanical properties thus eliminating the

need of armouring.
o Considerable saving ir cost.
Armouring

The armour protects power cables against mechanical damage
and stresses. As mentioned earlier, cables with aluminium
sheath generally do not require any armouring owing to the

censiderable mechanical strength of aluminium.

The majority of multicore power cables are mechanically
protected by their armcur which consist of one of the
following

o Two steel tapes applied in an open helix over a
bedding in such a way that the second tape covers the
gap left by the first.

o Galvanised steel wires applied over the bedding of

the cable in one or two layers.

o Aluminium wires and strips used on synthetic
insulated cables where there is a need to provide low

regsistance paths for earth-fault currents,
PRESSURISED HIGH VOLTAGE CABLES

The cables used in high voltage (HV) and extra high voltage
{EHV) transmisgion require insulation of higher electrical
astrength than required for cables used for medium and low
voltages. It 1is noted that cables impregnated with viscous
compounds used for HV and EHV transmission are likely to
form voidd in their insulation because of higher temperature

and electrical and mechanical stresses. The voida in the
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insulation thus formed can create excessive 1onisation of
the gases 1n them and therebhy cause deterioration of  the

insulation and ultimate cable fallure.

To  avoild the ovceurrence of contraction voilds, the excess
compound resulting from <aible heating should be forced back
inte the 1nsulation by the application of pressure to  the
compound either directly or indirectly during the cable
cooling period. The alternative method of inhibiting these
voids 1is to allow the voids to occur but render them
inhocuous by filling them with high pressure gas usually

Nitrogen.

Nearly all commercial EHV cables are pressure assisted in
one way or other. The advantages of these with respect to

non-pressurised one are :

o The allowable stresses are much higher resulting in a
considerable reduction in dimension and weight - of

cables for high voltage application.

O Increase in current rating due to higher allowable

conductor operating temperatures.

The- classification of  pressurised  cables s shown  an

Fxhalart -8,

There-  aree three main types of o1l filled cables, wviz.

circular and flat type o1l filled cables, both of which are

se:lf  contained and pipeline cables 1n which cores are 1n
stecl pipes.  Similarly three types of cables using gas  for
achieving pressurisation - compressed cables, impregnated

cables and qgas filled cabley,
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SELECTION OF CABLE

For many years the preferred choice of cable insulant for
any vcltage range was impregnated paper protected from the
ingress of moisture by metallic sheaths. Despite the fact
that the o1l impregnated paper insulated cable
{solid/pressurised) have good therma! and electrical
characteristics, these are being gradually replaced by
cables having non-hygroscopic synthetic insulation due to

the following reasons :

o Non-hygroscopic synthetic insulation eliminates the

use of heavy and costly metallic sheaths.

o The simplification of cable jointing and terminating
as well as repair work, coupled with the saving in
the cost of labour.

o Complete freedom from compound drainage trouble

speclally in cable termination.

As can be seen from Exhibit-6, epr and xlpe have superior
thermal and electrical characteristics to that of oil
impregnated paper insulation. As such these two insulants
are the serious contender to the weetl proven oil impregnated

paper ansulant

Fpr and xlpe insulants have similar thermal ratings, the
latter has got superior clectrical properties, in  having
lower tangent of dielectric loss angle coupled with lower

thermal resistivity,

These properties have marked 1nfluence on the current rating
of the cable eog. abt 132 KV,  the current rating of an xlpe
cable 15 5% greater than that of an equivalent epr cable.
The difference 185 even greater ot 275 KV, where it increases
ter 173%,
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The above facts coupled with purer insulant and higher
impulse strength of xlpe compared with epr, substantiate

that today xlpe does not have a rival at higyh voltages.

The construction of a typical xipe insulated cable is given
in Exhibit-9.




JOB NO. : DCIL-105 EXHIBIT :

UNTTED NATTIONS TNDUSTRIAI. DEVELOPMENT ORGANTZATYON
AND
ARAB TNDUSTRTAL DEVELOPMFENT AND MINTNG ORGANIZATION

PROJECT PROFTIFE ON UNDFRGROUNR CABLES

COMPARTSON TN COSTS OF UNDERGROUND CABLES
AND OVFRAFAD LTINES

Voltage in KV Cost. of Underground Cable
(British Standard) Ratio = --—--———mmmm e

i —————— ——_———— —— ————— ————————— — ——————— T — ——— D — ——— —— " —"— —— " ———

400 18
(23 for heavy duly)

275 13
(17 for heavy duly)

132 8

66 7

33 5

11 1
0.42 2 or lesn
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JOoB NO. : DCIL-105 EXRIBIT : 4

UNITED NATIONS TNDUSTRIAL DEVELOPMENT ORGANIZATION
AND
ARAB INDUSTRIAL DEVELOPMENT AND MINING ORGANIZATION
PROJECT PROFILE ON UNDFRGROUND CABLES

CROSS SECTTON OF TYPICAIl CABLES

FOUER CONBUCTOE - ROULL  TERELD CONDUCTOR~-PARKWAY

LEAL SHEATH

BRALD Ok JUTE SHEATH
JUTE FILLLE

COPPLER oy,

PAPEL VRN HED CEMERIC Ok RUBBER INSUIATION




JOb %0. : DCIL-18% Y : §
ORITED RATIONS INOBSTRIAL DEVELOPWENT? ORGARILATION
D
ARAB [HOUSTRIAL DEVELOPNENT AND KINING ORGARIZATION
MROJRCY PROPILR OB SWDERGROUND CABLRS
PRYSICAL AUD BLECTRICAL PROPERTIRS OF CONDICTING MATRRIALS
Conductivity . Coeff1er1enl
v A0S, mn Regaativily Tesp. Coef(icient of Yinear  Nndulus of
N mi C__wiiof Resistance/°C _ Weight al 20°C Papansron  Rlasticily
8 AR nee B we 25°C  g/ca® 1b/in® Ib/mcmid  per o€ kg/na?
Coasercial 1159 61.0 17,900 17.345 0.028264 0.028834 0.00401 0,00395 2,703 0.09765  920.) 0.000023 1030
aluainiue «aire
Alwsintus alloy 2.3 19754 20,097 9,032840 0.933373 0.003¢) 0.00349 2,703 0.09765 9. 0.400023 )1
wire 201
coasercial hard 9.9 10,69 10,895 0.017774 0018113 0.0038) 0.00374 8,89 0. 02 e 0.0000169 11850
drava copper wire
Stasdard annealed 100.9 19300 10,975 4,017240 0,017579 0.00393 0.00385 8.89 0.32 0.0 0.0000169 11950
copper wire
AMusiniua coated 9.0 Lt L BLIEYL . . - 1,18 0,81 164%.0 0,0000115 20400
steel core vire
e coaled steel 9.00 IS - 009157 - - . 1.1 ' 0.28 2649.0 0.0000035 20400
core wire
Musisius ~lad .33 S1.01 51,92 0.0848  0,08563 0.0036 0.00356 6.59 0,238 2.0 0.0000130 36500

sleel core wirs

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

SINVIINSNOD
IN3IWdO13AIQ

' tipieald
TACS  Internatiunal Annealed tonper Standard

Hwl - ¢t
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PROJECT PROFPILE ON UNDERGROUND CABLES

THERMAL AND ELECTRICAL PROPERTIZS OF SYNTHETIC
DIELECTRICS AND IMPREGNATED PAPER
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EXHIBIT : 6

Insulant
Si.- Property PVC °E Xi.PE FPR Impregnated
No. Paper
1. Density (kg/m®) 1400 900 900 1200 1250
2. Thermal resistivity 6.0 3.0 (HD) 3.5 5.0 5.0-6.0
(°C mw™?*) 3.5 {LD)
3. Relative Permillivity 3.00 2.30 2.50 3.30 3.50
4. Tangent of dielectric 100.10 4.19 4.10 4,10 2.10
loss angle (x107?)
5. Max. temperature for 70 80 (HP) 90 90 65-80
cont inuous operat ion 70 (LD)
{(°Ch
h. Max. temperalure tog 150-1h0 1hi) (HD) 250 250 160-250
short cireuit 120 fL.In

operation (°C)




DEVELOPMENT

CONSULTANTS

JOB NO. : DCIL-105 FEXHIBIT : 7

UNTTED NATIONS TNDUSTRIAL DEVELOPMENT ORGANTIZATJION
AND
ARAB TINDUSTRTAL DFVELOPMENT AND MTNING ORGANTZATTON

PROJECT PROFILE ON UNDFRGROUND CABILES

INSULATION THICKNFESS OF SYNTHETTC DTELECTRICS

e e e e e e e e e e e e - = = - - ————— . —————————— ———— - —— —

Rated Range of
Si. Vol tage Conductlors
No. {KV) {mm2)

i. 6/10 16 - 1000
2. 8.7/15 25 - 1000
3. 12/20 3% - 1000
4. 18/30 50 - 1000




UNTTED NATIONS TNDUSTRIAT, DFVEILOPMENT ORGANTZATTON
AND
ARAR TNDUSTRTAIL DEVFTOPMENT AND MINING ORGARTZATION

PROJECT PROFIWLF ON UNDERGROUND CARLES

CLASSTFICATTON OF PRESSURTSED CABRILES

[E:gssurised Cable§1
- ]

{

] e T ]

0i11-filled cables Fressure Cables Gas filled cables High voltage DC Cahles

Three (ore flat tyvpe Thiee» cove pressure type, Three core, low medium Cable with viscous
1n a2 steel pipe with lead and high pressure lead impregnation

Three core low and medium sheath as a diaphragm or aluminium sheath

pressure, lead sheath Nil-filled, in a
Th:+e core pressure type Single core medium and steel pipe with 01!

Single core, low medium with double lead sheath high pressure lead oy under pressure

and high pressure lead and gas between sheaths aluminium sheath

o) aluminium sheath

Three core, high pressure,
1t a2 steel pipe with oil
under pressure 1S atm,)

Thiee core pressure type
in 1 steel pipe with
polvthene sheath as a
Jdraphragm

SINVIINSNOD
IN3IWJO13A3Q
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ARAB TNDUSTRTA:. DF.FIOPMENT AND MINING ORGANTZATTON

PROJECT PROFTLE ON UNDERGROUND CABLES

CONSTRUCTTON OF A TYPICAI XI.PE TNSULATEDR CABLE

LEGEND

Aluminijum coenduct or

Fxtruded el -conduct 1nc
cenductery chielding

XLEE incular g« n

Extruded emi-conducy g
cire shiclding

Coppor tégre SCroony

6. Core tdentification tape

7. Filler

. Tape wrapping

9. Armnur

Y. Ve cagteg thiclding
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MARRET ANALYSIS

Underground cables are used to transmit/distribute electric
current where overhead transmission is not desirable or not
possible. Any increase in power generation capacities or
power consumption is generally accompanied by an increase in

the length of transmission and/or distribution network.

According to a Sectoral study carried out by AIDMO, the
average annual increase in power generating capacity for the
13 countries covered ranges from 67C0 MW in the early 90's
to nearly 9300 MW by 2010 AD. Correspondingly, demand for
various electrical equipment, including underground cables
is estimited to 1increase substantially to match the

additional power generation.

Projected additional length of overhead transmission/
distribution network, as extracted from the AIDMO report on
sectoral study, for the period 1991-2010 is given 1in
Exhibit-10. Different transmission/distribution voltages

have heen grouped in this Exhibit in the following manner.

1t e High Voltage (UHV) - 100 KV

High Voltage (HV) - 60 KV to 225 KV

Meeddium Voltage (MV) - 1.1 KV to 33 KV

Low Voltage (LV) - 7: 440 Volts
This Exhibit gives country-wise anmial additions to overhead
transrassion/distribut ion netwaork by  different voltage
classey for four S-year periods,
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These projections are based on the additional general.ing
capacities projecled by ATDMO. Ax 4 conservative eslimate,
it is assumed Lhal only 70% of the additional generaling
capacity proposed in the ATDMO report may actually be
implemented. Accordingly, the annval demand foar underground
cables 18 Ltaken as only 70% of the projections made by
ATDMO. ExhibilL-11 gives the annual demand for overhead

transmission/disblribution network.

As may be observea from this Exhibit, demand for EHV/HV
cables is not large =nough to justify establishment of a
manufacturing plant. However, if MV cables are also included
in the produclt-mix, it will be poasible to establish a

commercially viable cable manufacturing plant.

For 3-phass transmission/distribution at. FHV only single
core cabler can be used, whereas at MV, cables can be of
multi-core type. Therefore, the snggested product-mix ix

as given helow :

EHV/HV Cablen 600 km (single core)
MV Cabley 4000 km (multi-core)

Tt  is obavious thal Lhe above produrct mix does not. sal iunfy
the entire demand,  TL a8 recommended that, only ane plant. s
sel. wp to manufacture the above quality of cable. Once
operat.ions in this plant. stabilines, more capacity may be
added by way of expannion of the exisnting plant or

resitabl igbment. of new plantu.,




JOB NO. : DCIL-105 EXHIBIT : 10
UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
AND
ARAB TNDUSTRIAL DEVELOPMENT AND MINING ORGANIZATION
PROJECT PROFILE ON UNDERGROUND CABLES
ESTIMATED ANNUAL REQUIREMENT OF UNDERGROUND CABLES
(in KM)
o 1991-95 . . 19%6-2000_ __ " ........2001=05 - 200610
PHV HV MV LV ERV HV MV v FHV HV MV v FHV HV MV v
Algeria - - 285  2%% - - 290 260 - - 290 260 - - 290 260
Bahrain - M 233 193 - w4 377 30 - 114 31T 10 - 114 377 310
Egypt - 92 323 1510 - 115 4072 1900 - 115 4072 1900 - 115 4072 1900
Iray - - 6731 H96 - - 7940 1057 - - 7940 1057 -~ -~ 7940 1057
Jordan - - o 72 - - 149 74 - - 149 74 - - 149 74
Kuwail. 18 144 518 518 18 144 SR8 518 18 144 518 518 18 144 518 518
Labya - - 1774 367 - - 1774 367 ~ - 1774 367 - - 1774 367
MOrOCCo - - 440 238 - - 607 328 - - fO7 328 - - 607 328
S. Arabia 26 61 2675 1660 32 74 3254 2020 32 74 3254 2020 32 74 3254 2020
sudan - - Al 8t - - 124 124 - - 124 124 - - 124 124
Syria -~ 2945 2224 - - 4277 3231 - .- 4277 321 - - 4277 3231
Tunisla - - 77 - - - 75 - - - 84 - - - 84 - OO
U.A.E. - - 1583 106 - - 2326 15 - - 2326 156 - - 2326 155 %g
wmre
Total 43 368 20719 8120 SO 447 25783 10344 50 447 25792 10344 50 447 25792 10344 SO
i)
T I TR
Z
A5




JOB NO. : DCIL-105 EXHIBIT : 11
UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
AND
ARAB INDUSTRIAL DEVELOPMENT AND MINING ORGANIZATION
PROJECT PROFILE ON UNDFRGROUND CABLES
ESTIMATED ANNUAL DEMAND FOR UNDERGROUND CABLES
(in KM)
, - 1891-95 . 1996-2000 . _ . .200-05 . _ __ . 2006-10 §
ERV HV MV 1.V FHV RV MV LV ERV HV MV LV BHV HV MV LV
Algeria - - 20 179 - - 203 182 - - 03 182 - - 203 182
Rahrain - 50 164 13% - 80 264 217 - A0 264 217 - 80 264 217
Bgypt - 64 2265 1057 - 81 2850 1330 - 81 2850 330 - 81 2850 1330
Trag - - am2 627 - - 5558 740 - - 6558 740 - - G658 740
Jordan - - % % - - 104 52 - - 104 52 - - 104 52
Kumait 13 101 363 3163 13 101 363 363 13 101 363 363 13 100 363 363
Libya - - 1242 257 - - 1242 257 - - 1282 257 - - 1282 2%7
Moronooo - - 308 167 - - 425 230 - - 425 230 - - 425 230
S. Arabia 18 43 1873 1162 22 52 2278 1434 22 52 2278 1414 22 62 2278 1414
Sudan - - 57 §7 - - 87 - 87 - - 87 87 - - 87 87
Syria - - 2062 157 - - 2994 2262 - - 2094 2262 - - 299 2262 ~
Tunisia - - 54 - - - 53 - - - 59 - - - 59 - OQ
U.A.E. - - 1108 74 - - 1628 108 - - 1628 109 - - 1628 10950
cO
Total 31 258 14506 5685 35 314 18049 7243 35 314 18055 7243 35 314 18055 7243 52
—————————————— - - - --—---————-——--—-——--——----—-—-—-1.z m
Z
A5
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PLANT 1.0CATION

Tt s suggested that the underground cables manufacturing
plant be set up in Libya. The annual demand for cabler 1n
Labya itself is nol very aigh. However, the plant in  lLibya
will be able to satisfy the entire demand of 1ls
nerghbouring countries vaiz., Algeria, Tunisia, Sudan and
partly Egypt, after satisfying its domesatic requirement. The
countries inp the middle east are in a comparatively better
position than to the other Arab count.ries, in meeling their
demand through imports, or through indigeneous supply. The
Libyan planl may be able to reduce this regional imbalance

to a large extent,

Other considerat.ions baxed on which the plant. location is

suggested included the following

0 proximity to sources of raw materials, and the

availabilily of road, rail or sea linkages.

o availability of essential in(rastructural facilities

such as power, waler, elbo,

) recfat voanshps and Alfrivat tons among different

nal 1ons an the designat ed reqgion,
o balanced regional development

The plant. will manufacture FHV/HV and MV cables. FHV/HV
cables manufactured an the plant will partly wataiuly the
regquirement.  of obher Arab count ries where demand for such

cables exasl
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MANU>~ACTURING PROCESS

The process involved 1n the manufacture of underground
cables has several stages as shown in  Exhibit-12. These
manufacturing stages are more or less similar for different

naterials of insulation such as PVC or XLPE.

Some of the manufacturing stages are briefly described

below :
WIRE DRAWING

Both aluminium and copper conductors are used 1in cable
manufacture. However, copper conductors are being used
increasingly due to their superior electrical and thermal

propert.es.

The size of wires used 1n cables vary from 1.4 mm to 4.0 mm.
Copper wires are drawn from annealed rods of around 8 mm
diameter while aluminium wires are drawn from 9.5 mm rods.
The number of dies required usually vary from 6 to 13,
depending on the size of finished wire. Tungsten carbide or
dicmond  dies  are used to obtain smooth  and acceptable
ity wires,  Dies e Subricated by o stream of o suitable
compound.  Wire drawing spieeeds of as much as 1200 m/min are
possible. Suitable material handling arrangements will have

to bre made depending on the speed of wire drawing.

ANNFALTNG

Alumipran wires normally  do not  require annealing, but

copper wires after they are fully drawn, will need to be
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annealed to remove stresseses developed during the wire
drawing operations. Annealing can be done in batch furnace

or continuously by electrical heating or in a steam

atmosphere.

STRANDING

The operations of bunching and stranding use the common
principle of twisting, as used in rope making. The methods
used are decided by the size and number of wires which make
up the conductor. Conventional stranding practice is based
around a layer of 6 wires laid over one wire énd then

succeeding layers increasing as 7, 19, 37, 61, 91, etc.

Different types of stranding machines are in use. Some of

the principal types are briefly described below :

High Speed Double Twisting Machine : This machine is used
for twisting of wires. Single wires in reels, held in fixed
frames or 'creels' are drawn through a fixed guide, and then
passed through a rotating arm or 'how' to the take-up reel.
The take-up reel rotates about its own axis to give a twist

to the wire.

Drum Twisting Buncher : This i1s similar to the one described
above except  that the take-up reel rotates about  its  own

Aaxis and also about the prancipal axis of the machine,

Tubular Strand Twisting : The reels containing single wires
are supported by a rotating cage. The reels remain

stationary in  space while the cage rotates to twist the

witres.

There  are variations in these machines to give different

degrees  of  twist to the wires and different product.ion

gpeeds.
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PAPER LAPPING

Paper 1insulated cables are insulated with layers of paper
tapes applied helically. Paper tapes of specific thickness
and suitable widths are applied by paper lapping machine
with controlled lay and tension so as to form compact and
homogeneous 1insulation. In high voltage cables, a conductor
screen comprising a layer of semi-conducting paper is
applied to electrically smoothen out the conductor surface.
Similarly, a screening of metallised paper is applied over
the core insulation. To identify cores, numerals are printed

on the last layer of paper tape wound on each individual

core.
IMPREGNATION
Paper insulated core/core assemblies are dried and

inpregnated using ‘'mass impregnating non-draining type’
(MIND) compounds. This compound possess high viscosity even
at operating temperatures and therefore does not migrate due

to gravity.

For drying and impregnation core/core assemblies are jaid in
shallow circular trays and a number of such trays are put in
impregnat ing tanks. In these tanks, drying of the insulation
vocarered aut ounder vacuun and by contralled heating.,  Onee
thee drying process is complete,  impregnating compound  is
introduced  into the tanks. The impregnation is  initially

under vacuum and subsequent ly under pressure.

Heating 18 done by steam or high pressure water,  in modern
plants, the cable conductors are heated by passage of direct
current . The total drying and ampregnat ion process may take
from 10 to 60 hours acecrding to plant,  the amount of cable

in the tank and the cable voltarge,
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EXTRUSION OF THERMOPLASTIC MATERIALS .

All thermoplastic materials are applied by the extrusion
process and PVC is the commonly used thermoplastic. Pellets
of thermoplastic material are fed into the hopper of the
extruder. They may be fully compounded, including colour, or
the colour may be added at the time of extrusion by a

metered second feed of coloured master batch.

The hopper feeds by gravity into a long heated barrel
through which an Archimedian screw revolves. An extrusion
head containing male and female dies is located at the end
of the barrel. The dies are usually designed with concentric
circular tips through which the conductor passes. Uniform
flow of the softened material throughout the whole
circumferential aperture between the dies is most important
to obtain a concentric tube and freedom from overheating.
Different materials require a varying ratio of barrel length
to diameter, degree of compression and operating

temperature.

Maintenance of optimum temperature for the particular
compound being extruded is vital and when the required
temperature 1is reached, the barrel heating may need to be

reduced or even forced cooling applied.,
EXTRUSION AND CURING OF THERMOSETTING PLASTICS

Commonly used themosetting insulation include cross-linked
polyethylene (XLPE) and ethylene propylene rubber (EPR). At
the time of extrusion, thermosetting materials are still
thermoplastic and the only basic difference in technique is
that  they have  subsequently to be cured (vulcanised).

Normally, the «curing operation is carried out in line.
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Curing process used on comnercial scale include the

following

o Continuous catenary vulcanisation (ccv) with heat

transfer
o Vertical tube vulcanisation (vev) with heat transfer
o long land die process
o liqguid curing baths
o irradiation by high energy electron beanms
o saline chemical cross-linking process

The first four processes mentioned above require the thermal
decomposition of peroxides which c.re either precompounded
into the polymer or added directly at the extruder. During
extension process, the temperature must be maintained such

that curing does not commence.

CCV and VCV Process : These processes involve passing the
cable through a long tube filled with high pressure steam or
inert gas. The vertical tub¢ has an advantage in that there
ig no undue sag of thick-walled soft extrudate as it leaves
the die. However, very tall vertical towers desirable for
curing became uneconomical.  In the catenary process,  the
extruded cable leaves the die at an elevation from the
ground and passes through a long tube which is at an angle
with ground to match the natural sag of the cable core.
Various tension and other devices are employed to maintain

the core centrally in the tube.

Steam curing involves introduction of high pressure steam at

the extruder end and water at the other end to cool the
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cable before drumming. 1In gas cuiring, “he heating of the
tube is usually by the attachment of electrical elements to
the outside to praovide an appropriate temperature gradient.
The heated tube is filled with pressurised inert gas, which

is bied away at a low rate to prevent accumulation of gases.

Schematic of a typical CCV process plant 1s given 1in
Exhibit-12.

Long land die process : Developed by Mitsubishi/Dainichi,
this process 1s also known as Mitsubishi Dainichi Continuous
Valcanisation (MDCV). This process achieves curing in the
absence of steam. The equipment is horizontal and very
compact. The die of the extruder is extended to form a
heated tube Several meters long, to maintain the pressure
and prevent void formations. Exhibit-14 presents a schematic

diagram showing this process.

Ligquid Curing Baths : Pressurised liquid cooling process
uses salts for vulcanising rubber cables. The salts consist
of a eutectic mixture of potassium nitrate (53%), sodium

nitrite (40%) and sodium nitrate (7%).

Irradiation Method : This method does not involve any
heating and  does not use peroxide or any additive. High
cnergy electron hearms.  qgenerated by binear sccelerators are

used for curing. This 1s economical only for cables of thin

walls and hence low voltage class.

Saline Chemical Linking Process : This process uses only
convenlional type extruders as used in the manufacture of
thermoplastic  cables. No special curing plant is necessary

other tnhan steam or hot water tanksg,
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LAYING-UP

For multi-core cables, the cores will have to be laid
together. This can be done 1n large diameter machines where
bobbins of cores are rotated around a common axis, or in
drum twisters in which the cores are run off horizontally
from their drums into a die and then proceed on to a take-up
drum which revolves on its own axis. Belt insulation or

taped bedding is conveniently applied in the same operation.

SHEATHING

Lead sheathing is done using a continuous extrusion machine
where 1liquid lead is fed from the bottom end of a vertical
screw. Water is sprayed onto the lead sheathed cable coming
out of the extruder to cool the sheath. Aluminium sheaths
are formed by direct extrusion over the insulation and

special cooling.
ARMOURING

Wire armour is applied on a machine similar to a stranding
machine where the reels mounted on a large carriage rotates
around the cable at an appropriate speed to provide the
correct lengths of lay. Steel or other metalliec tape s

applicd by 4 conventianal taping process.,
INSPECTION END TESTING

All raw materials used in the manufacture of power cables
are inspected and tested for compliance with specified

standards.

Cables  are subjected  to ingpection  at every stage of

manufacture, Type tests are required to be carried out  to
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demonstrate satisfactory performance character:: tics to meet
the 1intended application. These tests need not be repeated
unless there is a change in the material, design or process
which may affect. the performance characteristics. Routine
tests are carried out on all finished lengths of cables to
ensure integrity of the cable. Sometimes, tests are carried
out on samples taken from a lot for the purpose of

acceptance of the lot.

Some of the routine tests carried out on power cables

include :

o) Conductor resistance test
o Partial discharge test

o High voltage set
Acceptance tests will include :

Conductor resistance test
Anrealing test

Test for dimension of insulation
Hot set test for insulation

Void and contaminants tegt

S o2 0 ©0 © 9

Test for thickness of metallic sheath
O Test for thickness of outer sheath

o Partval discharge tegt

O High voliage test

Measurement of capacitance
Flammability test

0 Water tightness test

Inspection and testaing are carried out with several standard

Laboratory  equipment  and some special Lesting  equipment.,

Saome of these include -
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High voltage partial discharge eguipment
Impulse equipment

Heat cycle equipment

DC High voltage equipment

Tensile testing machine

Melt Index tester

Differential scanning calorimeter
Infra-red spectrograph

Oscillating disc - Rehemeter

Microtomes

0 0 ¢ 0 0 0 0 0 0 0 O

Blown film extruder
Packing

Cable is wound on drums which are made of steel or wood.
Nowadays steel drums are preferred as these provide better
protection to the cable while storing and handling. The ends

of cable are sealed by means of non-hygroscopic sealing

material.

Each cable drum must have a label clearly indicating the
details as laid down by the relevant national/international
standards.
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PROJECT PROFILE ON UNDERGROUND CABLES

TYPICAL LAY-OUT OF CCV PJANT
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. Zelt wrap capistan 10. High rressure nitrogen inlet 15. High pressure water inlet az‘




JOB NO. : DCTL-105

FXHIBIT :

UNITED NATTONS INDUSTRIAL DEVELOPMENT ORGANTZATTON

AND

ARABR INDUSTRTAL DEVELOPMENT AND MINING ORGANTZATTON

PROJECT PROFILE ON UNDERGROUND CABT.ES

TYPICAJL. LAY-OUT OF LONG LAND DIF MACHINR
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Pay-cff

Extruder for simultaneous extrusion 6.

Leng land die

Dust free enclosure

LEGEND

5. Cooling tube
Haul-off caterpillar
7. Core take-up

]

D
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PLANT AND EQUIPMENT

The plant has been designed to manufacture EHV/HV and MV
cables. The cables can be manufactured with PVC or XLPE

insulation.
MAIN PLANT

It is assumed that the conductor used in cables will be of
both aluminium and copper. Suitable wire drawing machine is
provided for drawing wires of desired size from a larger
size stock. A batch type annealing furnace is also provided
to remove internal stresses developed duriné wire drawing

operation.

The plant will have extruders to provide insulation of PVC
or XLPE. For PVC insulation, two extruders have been
provided to cover different diameter range. XLPE cables will
be manufactured using catenary vulcanisation process.
Vulcanisation of the cable will be by completely dry curing
and cooling method. Curing will be done using nitrogen gas
whilse water will be used for conling. The equipment  can
produce  XLPE cables of various sizes an the entire range of

EBV to MV,

Two separate polymer extrusion lines are also provided to
manufacture lower-end MV cables. One of these lines will he
baved  on  a  superior MONOSIL process to produce  superior

ccabley,
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TESTING AND QUALITY CONTROL

The plant 1is equipped with modern facilities to carryout

nessary tests on raw materials and finished cables.

MATERIAL HANDLING

Material Handling 1is an important function in the plant.
Wire bobbins and take up reels will have to be transferred
from one machine to another to complete the product. For
this purpose, fork lifts, mobile jib crane and material
transfer trclleys have been provided. The finished cable in
drum may weigh as mich as 12 tonnes. To handle such heavy
loads, EOT cranes of 15 tonne capacity are provided.
Finished cable drums will be loaded on to trucks using EOT

crane/mobile crane.
TOOL ROOM AND MAINTENANCE

The plant has been provided with equipment and facilities
for repair and maintenance of machinery. Wire drawing dies,
dies for extrusion, dies for stranding, etc. will have to be

procured.
AUGXILIARY EQUIPMENT

Auxiliary equipment required at the plants include  <torage
racks, shelves, work benches, surface plates, pellets, cable

drums, carpentary tools, ete.

Exhibit-15 gives a list of main plant and equipment .




JOB NO. : DCIL-105

UNTTED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION

ARAB INDUSTRIAL DEVELOPNENT AND MINING ORGANIZATION

PROJECT PROFILE ON UNDERGROUND CABLES

LIST OF MAIN PLANT AND BQUIPMENT

EXHIBIT : 15

- —————— - -

St. Description
Nu,
A. NAIN PLANT

1. Rad breakdown machine

2. Stranding/Amouriug
machine

3. Stranding/Amouring
machine

Brief Swecification

Type: Wet, slip type, continuous machine
along with spooler
Tnlet wire (mm) : 12,7 ~« aluminium
10,0 - copper
Outlet wire (mm)

Motor Pawer (KW)

Type: Planetary type complete with pay-of[
and take-~up stands and controls.

No.of cages : 5

No.of bobbins 12/18/24/30/36

Bobbin capacity : Copper 245 kg

Motor power (KW) : 80

Type: Rigid fork type complete with pay-off
and take-up stands and controls

1412+18424

Copper 245 kg

No.of bobbins:
Bobbin capacity
Motor power (KW)

IInit Total

Nos . Power Price Price

Reqd. (KW) (USS) (US$)
2 320 190000 380000
1 R0 378000 378000

1 80 320000 120000

SINVIINSNOD
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JOB NO. : DCIL-105

i
.

Cure taviug machine

Tape Lapping Head

CDCC Vulcamising Lane

Rubbin capacily : 5 Lonnes
Max. dia of laid=up cores : 125 mm
Motor power (KW) : 55

Tvpe: Taugential, used for paper, poly-

No.of tapes : 4

Dia of tape pad : 500 mm

Miax, tape width : 80 mm

Passage Lhrough the centre : 120 mm

Roiel Specificalion Nos, Power
Reqd, (KW
Type: 1+3, craddle rotating, planetary cage 1 5%
type, including filler reel bhobbins
2 -
ethvlene, PVC, copper, aluminium, etc,
1 13125

Type: Continuous dry curing awd cooling

vulcanising line complete with pay-off,

caterpillar, conductor preheater, 3
extruders, vulcanising equipment,
take-up, line control, XLPE compound
preparation equipment, nilrogen plant
and cooling water circulation unit,
Conductlor size {sq.mm) : upto 2000
Insulation thickness -
Conductor screen (mm) : 0.5-2,0
Insulation (mm) : upto 28
Insulation shield (mm) : 0,5-2,0
Curing : dry (nitrogen)
Cuuling : water
Tube length (m) : 157
Catenary angle : 27°
Extrusion : triple crosshead
Line speed (m/min) : 25
Flectric Power (KVA) : 1655

EXHIBIT : 15

Price
(Uss)

100000

50000

350000

Price
(USS)

100000

100000

150000

SINVIINSNOD
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JOB NO. : DCIL-105

Polymer extrusion line

Medium Voltage Monosid
extrusion line

Ouler sheathing machine

Annealing Furnace

Puointing and Threading
machine

Take-up Stand

Pav-off Stand

Rewinding Unit

Brief Specification Nous,
Reqd,
Tvpe: Fxtrusion of Lthermoplastic polymers, )

complete with steam curing arrangement
Conductor dia (mm) : 6,3 - 22,5
Max. cable dia (mm) : 35.0
speed (m/min) : 10-270

Pvpe: Extrusion of thermoplastic polymers, |
complete with steam curing and
sheathing arrangement

Max, cable dia (mm) : 70,0

Cable dia (mm) : 60-160 1
Speed (m/min) : 5-40

Miax. reel weight : 25 tonnes

Tvpe: 0il/gas fired, batch Lype furnace 1

Capacity : 2.5 Cu.M.

(%)

Type: Complete to prepare conical heads
tor wire drawing
Motor Power (KW) : 7

Type: Motorised 2
Drum flange dia (mm) : 1200-3050

Drum width (mm) : R00 - 1850

Max. weight (tunnes) : 10,0

Max, weight (tonnes) : 10.0 2

Type: Complete unit with pay-off 2
and take-up stands

Cable dia (mm) : upto 100

Max, line speed (m/min) : 100

EXHIBIT : 15

Unit Total

Power Price Price

(KW) (UsS§) (Uss)
20 160000 160000
370 180000 180000
30 40000 40000
- 12000 12000
14 30000 60000
10 #000 12000
10 AOND 12000
40 15000 30000

SINVIINSNOD
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JOB NO. : DCIL-105 EXHIBIT : 15

timit Total

S, Descript ton trief Specificatun Nos, Power Price Price
No. Reqd. (KW) (US§) (us$)
15. Package Rorler Type: 0i) fired with DM water plant ) - 70000 70000

capacity : 5 tous/hr
Sub=-total 2204000

B. TESTINC & QUALITY CONTROL

1. Tensi1le Testing machine Medsuring range : 0-250 kgf ) 0.5 1000 1000

2. High Voliage Partial type: Series and resonanl type ] 51.0 6000 H~000
Discharge eqpt capacity : 400 KV

3. Impulse Geuerator vapacity : 2500 KV 1 26.0 5000 5000

Tmpulse Lime : 1.2/50 micro sec,

“w, Heat Cycle egpt Capacity @ 120 KvaA 1 96.0 7000 7000
Current : 4000 amps
Voltage : 30 volts

<. D¢ High Voltage Generator Capacity : 400 KV 1 41.0 6000 000
5. Water Bath Apparatus Type: Rlectrically heated with 1 2,0 900 900
thermostatic controls

7. 0Ozone Resistance Tester - i 31.0 800 800
8. Oxygen/Ailr Bumb Test - 1 36.0 800 R00 olw,
9. Axeing Oven with Air Max. temperature (°C) : 200 2 50.0 650 1300 gggg
Changing Arrangement EQES
10. Heating Chamber Tewmperature (°C) : 250 2 - 250 500 giég
11.  0il Rath Temperatvre (°C) : 300 i 16.0 1800 1800 £33
-
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EXHIBIT : 15

Nus,
Reqyd,

Puower

(KW)
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1.

2.

3.

4.

Deep Freezer

Torsi1on/Wrapniug Tesliug
m2chine

Fire Resistance Testing
cabiuel

Other Tesling & Measuring
Fqgqpt

MATERIAL HANDLING

EOT Crane

Mobile Crane

Mobile Jib Crane

Fork Lift Truck

Temperature (°C} : =40

16 M
IS tous

Span
SWL

: Wheel mounted, diesel engine
powered
Capacity 15 tons

Type

Tvpe : Winch type

SWL ¢ 1.5 Lons

Lift from ground level : 2184 mm
Overall height 2762 mm

+ Counter balanced, battery operated
rubber Lyred, four wheeled fork
1if

Capacity : 2 Lons

Max. 1ift : 3 M

Tyvpe

I set

12,0

33.0

30

Unit Total

Price Price

(USS) (USS:
500 500
700 700
1000 1000
Lump sum 5000
Sub-total 38300
80000 240000
45000 45000
20000 20000
45200 90400

SINVIINSNOD
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Furnace

Rating : 60 KVA
Chamber size (mm) : 300 x 300 x 150

JOoB NO. : DCIL-105 EXHIBIT : 15
Unit Tolal
St. Descriplion Briel Specification Nus ., Power Price Price
No. Reqd. (KW) (USS) (USss)
5. Battery Operated Inter- Capacity : 5 tons 2 400 800
hav Material Transfer
Trullevs
6, Chain Pullev Block Capacity : 1 ton 4 140 60
T, Push type Platufomrm Tyvpe: Heavy duty, rubber Lyred 4 300 1200
Trolley Capacity : 500 kg
5. Double-wheeled Tipving Type: Heavy duly 4 200 800
barrow Capacity : 0,2 Cu.M,
Sub-total 398760
D. TOOL ROOM & MAINTENANCE
\. Precision Lathe ventre height ¢ 220 mm 1 11.0 3500 3500
Centre distance : 1500 mn
2. Universal Milling machine Table size : 310mm x 1520mm i 7.0 22000 22000
3. Radial Drilliug machine Drilling capacity : 40 mm ) 3.0 25000 25000
4, Bench Grinder Tvpe: Double ended ] 1.0 1000 1000
Wheel size (wmm) : 205x25x19
5. Arc Welding Set Current range : 70-450 amps 2 12.0 4000 8000
6, Rectifier DC Welding Set Current range : 55-500 amps 2 25,0 6000 12000
7. Eleclric Heal Trealmenl Max, temperature : 1350°C 1 7.0 48000 48000

SINVIINSNOD
INIWdAOT13A3A




JOB NO., : DCIL-105

8. Puwer Hacksaw

9, Screw Jack

10. Collapsible Ladder

11. Collapsible Ladder

12. Battery Charger

13. Electrical Testing &
Measuring Instruments

14, Portable Electric Tools
15, Welding Accessories

16. Mechanical Measuring
Devices & Instruments

B. AUXILIARY EQUIPMENT

- - ——— - ] " = - T W S G

Cutting capacity - round : 320 mm

Tvpe: Ratchel type, lifling and
Lraversing screw jacks
Capacity : 5 tons

Type: Self-supporting, extendable,
all aluminium ladder

Closed height : 5 M

Fxtended height : 8 M

Tvpe: Self-supporting, extendable,
all aluminium ladder

Closed height @ I M

Fxtended height : 5,5 M

Nu.of Phases : 3

Tnput voltage : 240 V

Output voliage : 36 V

Standard

Standard
Standard

Standard

Fquipment such as work tubes, storage

rack, worker cabinets, lockers, etc,

EXHIBIT : 15
it Total
Nus. Power Price Price
Reyd. (KW) (USS) (UISS)
i 2.2 1600 1600
2 300 600
1 200 200
1 150 150
2 100 200
1 set famp sum 1000
2 sels Lump sum 10000
] sel fLump sum 500N O
Om
<
1 set amp sum 12002 i3
wnre
Sub-total meso%gg
Lump sum 1200032> ;%
=2Z
w —
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SECTION - 8
RAW MATERITALS AND OTHER INPUTS




DEVELOPMENT

Copper

of wunderground cables. Electrical grade aluminium and
annealed copper for use in conductors are available in the
form of rods of 8.0 to 9.5 mm diameter. These will have to
be suitably drawn to the desired size before stranding can
be done. Apart from these, galvanised steel tape or wires
will be required for armouring of cables. Other raw

" materials required are polyethylerc compound, PVC compound,

other

etc.

Other

curing

While

inputs,

(o]

Estimat

pPresgent

CONSULTANTS

RAW MATERIALS AND OTHER INPUTS

and aluminium conductors are used in the manufacture

insulating materials and core identification tapes.

inputs required will 1include colouring pigments,

chemicals, packing wood, etc.

estimating the requirement of raw materials and other

the following assumptions have been made

EHV/HV/MV cables will be made of XLPE and PVC

insulation

FHV IV cables will be of single core type while MV
cables will be of 3V core type

Conductor material will be hoth aluminium and copper

Armouring will be done with steel tape/aluminium/

copper wi re

The cable drums will be made of steel which can  be

recyeled,

ed  requmirement of  major materials and  inputs  is

ed 1n Fxhibit =16,
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JOB NO. : DCYL-105 EXHIBIT : 16
UNITED NATIONS INDUSTRIAI. DEVFI.OPMENT ORGANIZATION
AND
ARAR INDUSTRIAL. DEVELOPMENT AND MINING ORGANIZATON
PROJECT PROFILE ON UNDERGROUND CABLES
REQUIRPMENT OF RAW MATFRIALS AND CONSUMARLES
Annual
St Reguti vement Price
Na., ftem Brief Specificatiun (Tannes) ¢'000 USS)
1. Cupper Annealed Copper Rads 5500 29,012.50
i mm dia)
2. Aluminium Flectrical Conductor 3000 40,437.00
Grade Aluminiun Ruds
(9 mm dia)
}. Steel Galvanised Steel tape 6000 5,556.00
(4 mm x 0,8 mm coil}
4. Polyethylene 4600 ah .00
Compound
5.  PVC Compound 4400 6,600.00
h, Colourting Pigments f.umpsum 1.00
and other Chemicals
7. Cabile dovms Stescl o ddetachable 2500 315.00
nos.,
A, Packiop Wood - 2000 W00 .00
tuM,
. Grease, Losmp:inm 0,10
Tubricating ol
0. Misce, vlems bike fumpsum 0.30
prcking niail:.,
uhls and holt-,,
cultang toolds,
vl bang aovl | el
TOTAIL 12,0R9.90

CONSULTANTS
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JOBR NO. : DCIL-105 EXHIBIT : 16

Basis of Calculation

Product Mix : HV/FHV Cables — 600 km (132 KV XI.PE Cable)
MV Cables - 3000 km (PVC - 2000 km, XILPE -2000 km, 1.]1-33 KV)

Density (gm/ce)d Copper +Special Grade) - 8,94 XILPE (Special Grade) - 0.92
Alvminium (Special Grade) - 2,56 PVC  (Special Grade) - 0,99
Steel - 7.8

HV/EHV Cables

Conductor Cross Section : 800 mm? (Single Core)

XI.PE Tnsulation Thickness : 18 mm

PVC Outer Sheating Thickness : 3.9 mm

Annual ¥astage Total

Weight /Km = Cross Section x Length x Density Prodn, factor(?Z) Weight
(KM) (Tonne)
Cu = 800 Cm? x 1000 m x .94 gn/cc = 7.152 Tonne 600 25 5364
100
X1.PF. ='2§395§m’ x 1000 m x 0.92 gm/cc= 2.604 Tonne 600 20 1875
100
PVC = SRO Cm? x 1060 n x 0.99 pmjce = 0,87 Tonne 600 20 626
100

> " —— i — T -~ — o 1 1 . 2 o o e T o =+ o oo o

Partienlars pve XI1.PF
Conductng o3 corer Cross Sect ion ¥ x 240 om? } x 240 am?
PVC Fasalatton Thockness 2.6 um "B nn
PVE Onter Sheat tpgs Thokness, 2.7 mw PR mm
H
Overall cable dieter “A wmn Ky o |
......... _ e - - - - e e s e e v - . . dm = v o v —— o n > s - 1
I
|
_ J
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l JOB NO. : DCIL-105 EXHIBIT : 16
. PVC
' Annual Wastage Total
Weight/Km = Cruss Seclion x Length x Densily Prodn, factor(2) Weight
l {KM) (Tonuej
Al = Ix240 Cm? x 1000 m x 2.5h gm/cc  1.843 Tonne 2000 20 432}
' 100
PVC2 = 164 €m* x 1000 m x 0.99 zm/cc = 0,387 Tonne 2000 15 1120
1Q0
' PVC# = 315 Cm* x 1000 m x 0.99 gm/cc = 0.410 Tonne 2000 15 943
100
l Steel = 122 Cm? x 1000 m x 7.8 gm/cc = 0.952 Tonne 2000 20 2284
tape 100
l * for insulation # for outer sheating
XI.PE
Annual Wastage Total
Weight /Km = Cross Section x Length x Density Produ. factor(2) Weight
l (KM) (Tonne)
' Al = Ix240 Cm? x 1000 m x 2.% gmjce = 1.84) Tonme 2000 20 4423
100
XLPEx = 3x400 Cm? x 1000 m x 0.92 gmice - 1.1 Tonne 2000 20 2640
' 106
PVES - 740 Cm® x 1000 m x 0.99 gm/cce =~ 0,733 Tonne 2000 20 1759
l 100
Ster] = 196 Cm? x 1000 m x 7.8 gm/ce = 1,93 Tonne 2000 20 3672
' Pape 00
l tor tnntilat ton ¥ o lor onter Sheast g
I L
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JOB NO. : DCIL-105 EXHIBIT : 16

Total Annual Requirement (Tonne)

Copper : 5364 Say 5500
Aluminjium : (4423 « 4423) = 8846 Say 9000
Steel : (2284 + w72 = 5956  Say 6000
Polyethelene (XLPF) : (1875 + 2640) = 4515 Say 4600
PVC : (626 + 1120 + 943 + 1759) = 4448 Say 4400

Packing Wood

Drum Diameter : 2 m
Drum Width : 1.5 m
Wood thickness : 1.5 Cm
Drums per Km : 3

Total wood requiremnt = i x 2 x 1.5 x 1.5/100 m® x 3 x 4600 = 1950
Say 2000 m?
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UTILITIRS

Major ulilities required in Lhe plant include power and
walter. The manufacluring process does notl generate any Loxic
or non-toxic effluent. Therefore, effluent treatment

facilities are nuol required.

Power

Power is required to operate all equipment in the - factory,
Lhe airconditioning system in the office, and for lighting
and air-circulation. As all the equipment will not be
operated simultaneously, different load factors have been
assumed as shown in the Exhibit-17 on power requirement.. It
may be observed from this Exhibit that Lhe average demand
works oul to 2000 KVA. Considering future expansion needs,
the connected load for the plant ia estimated to be about
3000 KVA. Tt is assumed that power will be available to the
plant from an 11 KV overhead transmission line. Three 1000
KVA transformers have been provided for stepping down this
voltage Lo 440/220 volts.

Waler

Process water in required in XI.PE cable line and in polymer
extrusion line for cooling purporses. Water 18 also required
in boilers for ateam generation and in the air-conditioning
pltant. Water requirement. for human needs is estimated at. 100

litres per person per day. Exhibit-18 gives a  summary of

waler requirement..
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Fuel

The Package Boiler and Annealling Furnace will be oil  and
gas fired respeclively. Fuel requirement will depend upon
Lhe  (requency of  operalbion of these Lwo equipment. The
Package Boiler will require about 350 kg of fuel oil for
every  hour of ks operation. In case of the Annealliny
Furnace for every annealling process about 17 m® of gas will
be reguired. Facilities for oil and gas firing will bhe

provided alonyg wilh these equipment.
Compressed Air

Compressed air will be required to operate capstan, take-up
and other cable handling equipment. Some handtools will also
require compressed air (or operation. For this purpose Lwo
1000 cfm compressora are provided. Of Lhese, one will be a

ntandby compressor.
FExhibit-19 gives a list of equipment. required for utilitiesn.

Other  miscellaneons  equipment. required in Lhe plant.  are

Jisted in Exhibr1-20.
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JOB NO. : DCIL-105 PXHIBIT : 17
UNITED NATIONS INDUSTRIAI. DEVELOPMENT ORGANIZATION
AND
ARAB INDUSTRIAI. DEVELOPMENT AND MININRG ORGANIZATION
PROJECT PROFILE ON UNDERGROUND CABLES
SUMMARY OF POWER REQUIRPMENT
Max. Power
Si. Pover Load Required
No. Description (KW) Factor (KW)
1. Main Plant
- CDCC line 1325 0.3 398
- Munusil line 370 0.6 222
~ Other equipment 659 0.7 461
2. Testing & Laboratory Pypt 400 0.4 160
3. Malerial Handling Fgpt 90 0.4 36
4, Tool Room 70 .4 28
Sub-tolal 2914 1305
5. Water Pump, Compressor, etc, 40 C.4 16
6. Shop lighting & air circulation 110 0.7 77
7. Air conditioning & Office lighting 165 0.7 116
5. Capteen Lightang o Kitehen egpt, 24 0.8 19
9, i.ighting in other areas 20 0.6 12
Sub-total 359 240
Total 1279 1545
Average Lolal demand bhased : 1932 KVA
on A power factor ot 0.8

Say 2000 KVA
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JoB NO. : DCIL-105 FXHIBIT : 18

UNTTED NATTONS TNDUSTRIAL DEVELOPMENT ORGANIZATTON
AND
ARAB TNDUSTRIAL DEVELOPMENT AND MINING ORGANTZATTON

PROJECT PROFILE ON UNDFRGROUND CABLES

SUMMARY OF WATER REQUTREMENT

:i: Nescript.ion CuM/hour

1. Process

- CDCC equipment make-up cooling water 5.0

- Boiler make-up water 3.5

- Other equipment 5.0

2. Airconditioning plant make-up water 1.5

3. Human needs 2.6

4. Gardening and others 2.4

Total 20.0
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JOB NO. : BCTL-105 EXHTBIT : 19

UNITED NATIONS INDUSTRIAV. DEVELOPMENT ORGANIZATION
AND
ARAB TNDUSTRIAI DEVEILOPMENT AND MINING ORGANIZATION

PROJECT PROFILE ON DNDERGROURD CABLES

REQUTRFMENT OF FQUIPMFENT FOR UTILITIES

Sl. Deucription Numbers Tot.al
No. Regquired Cost (0SS)

—— e i e . . - ———— ————— — —_———— -~ ————— ————————

1. 011 cooled transformer 3 . 65,700
11 KvV/440-220 volts, 3 Ph, 50 Hz
Capacity : 1000 KVA

2. Switchgears, -MCC, distribulion - 4,500
boards, cab.es

Centralised airconditioning 1 1,12,900
system with 2 airhandi'ng unils

and cooling Lower

Capacity : 100 TR

4. Lights with fillings, air coolers - 3,500
and air circulators

5. Air compressor with afler cooler, 2 72,380
Air receiver, salely devices, ete,
Capacily (cfm) : 1000

Pressure (kg/sq.em) o 7
6. 3 nos. borewell powmpor with 2 ] 10,500
booster punps each of 50 Cati/hr 9,600

capacity, pipes, fittings, valves
and overhead RCC waler alorage
tank of 200 CuM capacity

TOTAL 2,779,080

1| 3.
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JOB NO. : DCTL-105 FXHTBIT : 20

UNJITED NATTONS TNDUSTRITAL DFVELOPMENT ORGANIZATION
AND
ARAB TNDUSTRTAI DEVELOPMFNT AND MINIRG ORGANTZATON

PROJFCT PROFTLE ON [UNDERGROUND CABLES

REQUTREMENT OF MTSCELLANEOUS EQUTPMENT

S). , - ToLal
No. Descriplion Cosl. (US §)

1. Fire (ighting system with hydrant, 6,000
piping, elc.

Telecommunicat.io syslems wilh EPABX 22,000
facilities, Lelephone instruments,
cabling, etc.

3. Of fice equipment. and furniture 16,000

4. Weighbridge (Lever Lype, Road 3,700
t.ransport, 25 ton-es) - 1 no.

5. Goods Lrangporl Lrack - 1 no. 27,000

6. Passenger transport vehiele - 1 no, 25,800

7. Ambulance - 1 no, 19,300

8. Car - 1 no. 9,700

TOTAIL 1,29,500

G ) GG W) BN N 0NN IS N D 0 N U Y O = G =y e
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SPATE AND LAYOUT

The main plant has the following major work centres :

Wire drawing
Wire stranding
XLPE cable plant

Monosil cable plant

©c 0 0 ¢ ©

Polymer extrusion line

The shop will also have material storage area, material
testing laboratory and high voltage test stations. Other
facilities in the main plant building will 1include shop
offices, toilets, workers' cabinets, nitrogen plant, boiler

house and aircompressor room.

Floor space in the main plant has been worked out based on

the following
0 area occupled by each machine
0 working area

“ arca  for smooth and sequential flow of materials and

taterial bhandbing coqguiprent
9! areca for movement of men
O arca for temporary storage of materialsg
Other buildings vn the plant ynelude

O Of Facee b bding

0 Canteoeen
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Time office & security
First-aid centre
Garage

Transformer room

o 0 0 0 0o

Pump house
Summary of space requirement is given in Fxhibit-21.
Plant Building

Plant building has been designed in such a way to ensure
smooth and continuous flow of materials. All the three bays
are serviced by EOT cranes to facilitate easy handling of

materials.

In XLPE cable plant, the extruders are at an elevation of
about 15 M from the ground level. The EOT crane in this bay
will service only the portion from the curing section of the
plant upto the finished cable take up reels. The roof of
this bay will be raised to 18.0 M level near the extruder
sectinn and the remaining portion of the bay will have roof
at 13.5 M level. The roof level of HV Test Station will be
at 25.0 M from the ground level.

Layout of the plant building is given in Fxhibi1t-22 enclosed
imn a pouch at the end of this report. Shop offrces waill  he
located beside HV testing station while material  testing
laboratory will have two storeys. Both the office and  the

material testing lab will have gilass panelled walls.

The plant building will be of reinforced concrete
construction.  The columns, roofing, floor, ete. shall be of
Re, The building design will ensure natural light  and

ventalation to the extent posaible.
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Office Building

This will be a two-storied RCC brick construction building

with central airconditioning arrangement.
Other Buildings
All other buildings wilil be of masonry brick construction.

Exhibit-23, enclosed in a pouch at the end of this report
shows the block layout of the plant, showing relative
location of different buildings.
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JOB NO., : DCIL-105

UNITED NATIONS INDUSTRIAL DEYVELGPMENT OKGAKIZATION

AND

ARAB INDUSTRIAL DPVELOPMNENT AND MINING ORGANIZATION

PROJECT PROFILE ON UNDERGROGURD C&RLES

SUMMARY OF SPACF REQUIVE{ERT

Main Plant

o Raw Material & Consumablie Store
(covered area)

0  Main Production Equipment
o Nitrogen Plant, Builer, Compressur Raom
0 Intermediate Guods 3turage Area
0 Finished Guuds Slorage A-va
o  Toel Room
o Workshop 0Office
" Material Testing i.ab,
9] HV Testing Statson
o Tarlets
Siab-tot

Aisles & Gangways (20%)

Gty
(i r.ce Bimvading §Twe Seogred)
a  Offiee
O Conference doum

O Jrc taye Broan

CONSULTANTS

EXEISIT - 21
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D)

a, Tot

. Doen

ERaw b gl one dshed Coads )

ik Area o Julure expan-ior

I tAG% of plant Yigit-up areal

]

; 7. Area for vyoads

) 2 :

Sub~1158 41

Total Jand aren ¢330 x 150)

Sub-tatal

Add 30% for sta vcase . 9d aisles

Total

Plinth area

3. Other 3uildings

Time OfJice & Securily

Tirst aid Room

Garage & uriver's Rest Raoewm

Taunlecp

7 srtrical Subsiatien & Transformer Room

Purnp House

Subi- atal

Ve bding arex

Storare aceq o T2

T CONSULTANTS
JOB KO, : DCIL-!05 EXHIBIT : 2
i t+ Receplion 4 Lobby a0
. Tra Koom 15
6 A.0., Unit & Electrical Dislributioan 24
v Toilets 72

953
286

1239

640

36

480
ae

20
676
12816

t5ni

— e e
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MANPOWER AND ORGANIZATION
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MANPOWER AND ORGANISATION

The plant will manufacture EHV/HV XLPE cables and MV XLPE/
PVC cables. These products are fairly high technology

products with sophisticated testing/quality control systems.

Estimates of manpower requirement have been developed, based
on the following considerations :

pleat capacity
nature and scope of activities involved

process and material handling equipment

o ©0 o ©

plant layout and proximity to areas of supervision

The piant will operate for 300 days in a year, on an
average, and will carry out all the activities performed by

a manufacturing unit. Tt will operate in two shifts per day.

In order to plan, organise, coordinate, execute and control,
all the necessary activities are grouped under different
functions. The major functional areas in the plant under

which manpower is categorised, include -

- produact ion

- quality contro)l
- materials

- market ing

~ account. s

= personne]l & administration

The plant will be under the overall supervision and  control

of a General Manager.  Fach of the above-ment ioned functions

DEVELOPMENT
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will be carried on by separate departments, headed by the
departmental managers. These managers will report to the

General Manager.

Production

The production operations will be carried out in two shifts
per day. In each shift, production will be under the overall
supervision of a shift-in charge, who will report to the
Production Manager. Tool room will work in only one shift.
Production planning and coordination will be handled by a
Planning Engineer. Maintenance will also be under the
control of Production Manager and will be looked after by a
Maintenance Engineer. Since the product design and cther
parameters are fairly standardised, a separéte design
engineering department 1is not necessary. However, a
Technical Assistant has been included in the Production

Department to handle design drawings, if necessary.

Exhibit-24 presents the total requirement of workmen in the

plant, categorised by equipment/section and level of skill.

Quality Control

Quality control in cable manufacture is a high technology/
sophisticated actgvaity, Quality control will be laoked after
by a Manager. In cach shift, testing and quality control

will be under the supervision of a Shift Supervisor.

Materials

The materials function wiil be handled by a Materials
Manager. Stores will function in both the shifts while
physical despatches will be done in only one shift., Stores

isaue  and despatch/packing will be Jooked after by separate
Supervisors in each shift.,
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Marketing

Cables manufactured in the plant are meant for both domestic
and export markets. The marketing function will be headed by

a Marketing Manager who will be assisted by two Marketing
Executives.

Accounts

The Accounts Department will be headed by a Chief

Accountant-cum-Company Secretary, assisted by an Accountant,
accounts assistants and cashier.

Personnel and Administration

This department will handle all activities relating to
personnel, labour and welfare, security and other

administrative functions. This department wil! be headed by

a manager.

Exhibit-25 gives a comprehensive list of requirement of

managerial, supervisory and other staff for the plant.

Organisation structure for the entire plant 1is given in
Exhibit-26. The designations and salary levels in the
organisation structure may be observed from relevant serial

numbers 1n Fxhibits 24 and 25.

Exhibit-27 presents the monthly statement of salaries and
wages.
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JOB NO.

: DCTIL-105

UNITED NATTONS TNDUSTRIAJ.

ARAB INDUSTRIAL DEVELOPMENT AND MINING ORGANTZATION

—— — — ———— - - — —— —— —— —— — — ———— ————— - ———— —— ——— T~ ———

AND

DEVELOPMENT ORGAN

PROJECT PROFILE ON UNDERGROUND CABLES

REQUIREMENT OF WORKMEN 1IN THE PLANT

Equipment/Section

a. Main Plantl

b. Testing & Quality Control
¢. Material Handling

d. Tool Room

e. Carpentry & Packing

f. EIl
Tr
g. Pl
h. Bo
1. Co
Pu

He

R . o e e e e e B AR 4m n AR b S M e G SR S > e M A - A G T > W v - = . e - —

ectrical Mainlenance &
ansformer Room

umbing

tler

mpressor Room

mp House

Sweeper & Gardner

lpera
Sub-total

Add 10% for absenteeism

CONSULTANTS

EXRIBIT : 24

IZATION

10

10

79

87
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' JOR NO. : DCIL-105 EXHIBIT : 25
UNITED NATIONS TNDUSTRIAI. DEVELOPMENT ORGANIZATION
. ARAB INDUSTRIAI DEVE]DPH:.:: AND MINING ORGANIZATION
l PROJECT PROFTLE ON UNDFRGROUND CABLES
REQUTRFMENT OF MANAGERTAL, SUPFRVISORY AND OTHFR STAFF
i
Nos.
l Desaignat ion Level Required
General Manager ] 1
l Personal Secretary Lo GM 4 ]
Production
' A. Producliocn Manager 2 ]
B. Planning Engineer 3 1
l C. Shift-in-Charge 3 2
D. Maintenance Fngineer 3 1
F. Production Supervisor 4 9
' F. Technical Asst-cum-Drafl sman 4 1
G. Steno-Lypist 5 1
l Sub-tLotal -l-g
Qualsty Control
l A. Quality Conlro) Manager ]
" ou Supervisor 2
C. Steno-typrst 5 1
' Sub-tolal -3
Malerials
' A. Malerials Manager 2 ]
B. Stores Supervisor 4 2
l C. Dedspatch Supervisor 4 1
D. Purchase Ausisgtandt 4 2
' F. SlLores Assisbant 5 4
F. Steno=Typsat f |
G. Helper 7 4
' Sub-=tol ol ;}"
|
|
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JOB NO. : DCTL-105 EXHTRTT : 25

Designat. ion Leve] N
Required

Marketing
A. Marketing Manager

to
-

BR. Marketing Fxeculive 3 2
. Steno-typist 5 1
Sub-total —.;
Account.s
A. Cheif Accountant-cum- 2 1
Company Secretary
R. Accountant 2 1
C. Accounts Assistant 4 3
ND. Cashier 4 1
F. Steno-typist 5 1
Sub-lotal -';
Personnel & Administral.ion
A. Personnel Manager 2 1
B. Personnel Officer 3 1
C. Security Officer 3 1
N. Tabour & Welfare Officer 1 1
F. Personnel Assistant 4 1
F. FPirst Ald Assistant 4 2
G. Steno-typist o 1
. Typaisl £ 1
. Canteen-in-Charge 1 1
J. Security CGuards 6 9
K. Drivers 'S 4
I.. 0office Boy ? 7
M. Tea Poy 7 14
Sub-tat ! 36
TOTAT, an
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JOB NO. : DCIL-105 UNITED NATIONS TNDUSTRIAL DPVE! °nS INWSTRIAkNDDva.omm ORGANIZATION EXHIBIT : 26
ARAB INDUSTRTAL mm::¥ AND ntAl. DEVELOPMENT AND MINING ORGANIZATION
PROJECT PROFILE ON URDERcc:-T PROFILE ON UNDERGROUND CABLES
ORGANISATION Ci ORGANISATION CHART
GENERAL MANAGE GENERAL MANAGER
—_———— . r.. ———ee . S, —— - - . —_— - -~ — - ——
. | .
| QuaLiTy ACCOUNTS MATERIALS PRODUC T ION PRODUC TION MARKE TING I [iesouuﬂ. AND
CONTROL ADMINISTRATION
|
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JOB NO. : DCIL-105 EXHIBIT : 27

UNITED NATTONS INDUSTRIAL DEVELOPMENT ORGANIZATION
AND
ARAB TNDUSTRTAJ., DEVELOPMENT AND MINTNG ORGANIZATION

PROJECT PROFILFE ON UNDERGROJND CARLES

STATEMENT OF MONTHIY SALARTES AND WAGES

T e e e e . . 4P o o = o o = = - = = —— — — — - - - ————— ———— - = — —— = — ——

Monthly Salary Total per

Level Nos. Required Per Person (USS) Month (USS)
1 1 9,000 9,000
2 6 6,000 36,000
3 10 5,223 52,230
4 26 3,358 87,308
LY 97 1,791 1,73,727
3 14 900 12,600
A 108 746 R0,568
TOTAT, 262 4,51,433

includen skl led workers

** gancludes unskilled workers
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FINANCIATI, ANALVSIS AND FVALUATION

COUNTRY : LYBIA

The financial analywisx and evaluation of the proposed
project for setlting up Lhe findergronnd Cables plant 1n  Lhis
country are based on the capacily vtiliralion, price and

conts.
Project Cost

The estimated cost of the project of selting up the plant is
around US § 37.2 million as can be neen from Exhibit-28. The

project cost includes the expenditure towards

Land and land development.

o
o Building and civil work
0 Plant. and machinery

o

Miscellaneouns fixed assels

0 Prel iminary expenses
o Pre-operat. ive expenses
o Technical know-how fees

Prelaminary expennes have been ausumed on a4 lumpsum basair on
i hee project.  cosl..  Pre-operal ive:  expenses h.ave threo
component.s, viz., establishment, travelling expenses  and
myscellaneous axpenses. Fsatablishment. costs  have been
compuled on the basin of salaries payable and overheadn to
various peraonnel  who have 1o be recruited at various
leveln, during the construction period. Travelling expenss
have been Laken as approxumalely 10% of establishment. conts
from mecond Lo the last quarter of the construoction period.

Mincel laneous expenses  have aluo been taken on a4 lumpsum

DEVELOPMENT
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basis. Technical know-how fees have been Laken as  3.5% of
Lhe project cosl excluding interest during construction and

margin money for working capital.

5% cushion has been provided Lowardsa contingency. Thia ccast
also 1ncludes intLeresat during construction and margin money

for working capilal.

Phasing of capital expenditure is based on implementation
plan, and interest during construction har been computed
based on the phasing. These two are presented in Exhibits 29
and 30 respectively. ’

Margin money for working capital im presented in Exhibit-31.
Tn compulLing margin money it is assumed that adequate
provisions have to be kept towards storage of raw materials

and consumables regquired ko be imported.

The project 18 assumed to be financed by Debt-Equity Ratio
of 1:1.

Production, Sales and Revenue

Statement of production and sales of varions product range
and the revenue that will be generated from the sales of the
products  over the 10-year period are pregented in Fxhibil s
32 and 33 respectively. Capacity utihisation 18 ansomed  al
the rate of 70% in Lhe (irst year, B0% in the second year

and 90% from the third year onwards.

Conls

The  annual contys of production and sales computed over 10
yearg ore presented on FExhibil =34, I'n ext.imaling these cosbls
1t au annumed that. the ualariew and wages wil) increase  at

the flat rale of %% every year.
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Profilabslity
Projected prafitabil Ly sl.al.ement 18 presented in

Exhkibit-35. The average profil. before tax works <ul to 15.4%

ol average revenue.

Statement of fixed assels and depreciation under straight
line method is presented in FExhibit-36. Tax computation and

depreciation for tax are presented in Exhibits 37 and 38

repspectively.
Working capital requirements are shown in FExhibit.-39.

Projected cash [low statement and balance sheet over l0-year

period .are shown in Exhibits 40 and 4) respectively.

The project breaks even at around 45% and shows ‘internal
rate of relurn of 50.5% as can be seen from Fxhibits 42 and
43 respectively. Tn computing internal rate of return,
outflow )s taken as the project cost and inflow is taken as

the profit before interest, depreciation and tax.
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' JOB NO. : DCIL-105 EXHIBIT : 28
l UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGAKIZATION
. AND
l ARAB INDUSTRIAL DEVELOPMENT AND MINING ORGANIZATION
PROJECT PROFILE ON UNRDERGROUND CABLES
' ESTIMATED PROJECT COST
l ('000 US $)
Sl1.
I No. Itens Value Total
I 1.  fLand and Land Deveiopment 8386.19  8386.19
(@ USS 261 per w2 for 32,131 m?) ——
l 2. Building and Civil Work
i) Workshop Building 14328.40
(@ USS 1268 per m? for 11,300 m?)
' i) Administrative Building 979,20
(@ USS 1530 per m? for 640 m2?)
1il)  Auxiliary Buildings 1034.28
l (@ USS 1530 per m* for 676 m?)
iv)  Open storage Yard 1978.08
(@ USS 1268 per m? for 1560 m3) = cceeeeo
' Sub-total (2) 18319.96
3. Plant and Machinery
l 1) Imported
- Production shop equipment 2204.00
- Material handling equipment 398.76
= Tool yvoom and maintenance equipment 134,95
- Auxiliary eguipment and handlools 12,00
' = Testing and Quality control equipment 38.30
Total F.0.R. Value 2788.01
' V) Insurance & Freight (€ 107 of FOR Value) 278 .80
P C.I.P. Value 3066 .81
1v) Tmport duty @ 6% on CIF value 184,01
v)  Transportation @ 1% of CIF Value 10.67
. Landed Cost at Site [Sub=total (3)} 3241.49
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JOR NO. : DCII.-105 EXHIBIT : 28
('000 Us $)
Ttems Value Total
4, Miscellaneous Fixed Assets
i) Transformers 65.70
i) Switchgears 4.50
111) Central Airconditioning sysiem 112.90
iv) Tlhimination,Fans and Raoom Coolers 3.50
v) Water Pumps and Tank 20.10
vi) Compressors 72.38
vii) Fire fighting system 6.00
viii) Telecommunication system 22.00
ix) Office Furniture and Fquipment 16.00
x}  Vehicles 81.80
xi) Weighbridge 3.70.
Sub-total (4) 408.58
5. Preliminary Fxpenses 25,00 25.00
6. Pre-operative Fxpenses
1) Fstablishment 1299.99
i1) Travelling Fxpenses 128.00
111) Miscellaneous 45.00
1472.99
7. Technical Know-hnw Fees 1217.00 1217.00
8. Sub-tntal! (1 thru 7) - .2
9, Contingency @ S? on above - 1A55.56
L Sub-total (8 4 9 - Y4766.77
1. Interest during Construction - 1859.09
12, Margin Money for Warking Capital - 568,49
TOTAl. COST - 37194.135

T e o T P o e o e e e e e o ot e et o o e e o ot =t e e e i o e ot €20 o e o o e S B ot e 2




JOB MO. : DCIL-10% YRIeIY : 29
ORITED BATIONS IRDUSTRIAL DEVRLOPNENT ORGANISATION
AN
ARAB TRDOSTRIAY DEVELOPNENT AND NINING ORGANTZATTON
PROJRCT PROPILE ON UNDRRGROURD CABLRS
PRASING QF CAPITAL RXPRADITURR
('000 DS $1
Construction Period in Quarters
12 e L L LI O L T TR TP
1 2 3 ] § 6 1 8 §
! land and land Development 8186.19 0.00 1677,23  1)S4.48 354,48 0.00 0.00 0.00 0.00 .00 -
L. Ruilding and Cavil Work 1831996 g
1) Workshop Building 1402840 0.00 0.00 0.00 158210 3582.10  3582.10 1582.10 0.00 0.00
1) Admintstratie Building $79.20 ¢.00 0.00 0.00 0.00 391,68 391,68  195.84 0.00 ¢.00
111} Ausiliery Rurldings 1034.28 0.00 0.00 ¢.0¢ 0.00 34476 376 M6 0.00 0.00
tv)  Opet Storage Yard 1978.08 0.00 0.00 0.00 0.00 0.00 d.00 0.00 989,04 959.04
L Plact and Rachinery 1281.49
11 Ordering 984.45 0.00 .00 0.00 0.00 0.00  984.45 0.00 0.02 0.00
1t Supply, delivery and )
installstion at site 2197, .00 ¢.90 0.00 0.00 0.00 0.00 0.00  219.61  5L4) Og
O
': ©
>2
pid t
=SZ
=




J08 B0, : DCIL-105

i, Niscellanenua Pized Assets

t} YTransforsers

1l Switchgears

113) Central Airconditioning aystes
1v) [llumination,Fans and Roow Coalers
vl Water Pumps and Tank

Vil "oapressors

vial  Pire fighting svstem

vt} telecosmunication gystes

1) Office Purniture and Squipment
1) Vehicles

11} Merghbridge

5. Preliminary Ripenses
6. Pre-operative Bipenses
1] Ratablishsent
1i} Travelling Rzpenses
11:) Miscellanecus
1. Technical Inow-how Pees
8. Sub-total it tiru M

3. Contingency 8 5% on above

1. Sub-total (8¢ O

BNIBIY ¢ 29

(000 18 §)
Construction Period in Quarters

Potal st R
| 2 ] ] 5 6 1 $ 9

400.58
65.10 0.00 0.00 0.00 0.00 0.00 13.14 8,00 52.56 0.00
4.50 .00 0.00 0.00 0.00 0.00 0.90 0.00 1.60 0.00
112,90 0.00 0.00 0.00 0.00 0.00 12,58 0.00 90.12 6.00
1.50 0.35 0.00 0.6) 0.6 0.63 .6} 0.63 0.00 6.00
20.10 0,00 8.00 0.00 10.05 10.05 0,00 0,60 0.00 0.00
12.38 0.00 0.00 0.00 £.00 0.00 14,48 0.00 §7.98 0.00
6.00 0.00 0.00 0.00 0.00 0.00 3,00 0.00 31,00 0.00
22,00 0.00 .20 0.00 0.00 .20 40 440 40 4,40
16.00 0.09 0.%0 0.80 i.60 1.60 1.60 1.60 1.60 6.49
31.80 0.00 9.20 9.7 0.0¢ .00 0.00 0.00 0,00 62,40
.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.0 0.0

35.00 12,50 12.50 0.0 0.90 0.00 0.00 0.00 0.00 0.00

1298,99 0.00 26.46 65.8) 99.54 99.54 151,95 151,95 150,95 5%2.7M3
128.60 0.00 2,00 6.00 10,00 16,00 15.00 15,00 15.00  55.00
45.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00

1217.00 60.85 243,40 24340 I21L70 12070 12,700 121,70 121,70 60,88

mira 78,70 197929 3685.88  7M85.10  4569.26  5657.37  4422.98 3739.38 1793,25

1655.56 .9 93.96 184,29 359.25  228.46 282,87 22115 186,97  89.66

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

SINVIINSNOD
INIWAO13A3Q




JOB 0. : DCIL-105 R : M

UAITRD MATIONS TMDOSTRIAL DEVRT.OPNRNT ORCANTIATION
AND
ARAR TWDUSTRIAL DEVRIOPHERT AND NINING ORGAMIZATION

PROJECT PROFILE ON URDERGROUND CABLRS

RSTINATION OF 1RTEREST DORING CORSTROCTION

{'400 08 §)
| Construction Period in Quarters
-------------------------------------------------------------------------------------- Total
| 2 ] [ 5 § 1 8 9
Capital Rapsnditure 32,64 2008.25  3870.17 544,35 4797073 S940.24  4644.13  3926,15  1882.91 IN66.M7
Marqia Money 0.00 0.00 0.00 0.00 0.00 0.00 0.00 g.00  S68.49 568.49
tatal 82,64 2070.25 870,17 754435 4792.73  SM40.24  4644.13 3926.35  2451.40 15335.26
i kquity 41,58 1046.19  1960.93  3834.25  2500.5  3106.83  2493.77 164,00 144910 18597.18
loan 41,58 1046.18  1960.94  3334.24 250053  3106,83 493,78 2161.99 1448.10 18597.17
A 1
Total §3.162092.37  3921.81  7668.49  5001.06 6213.66 4987.55  4327.99  2898.20 317194,35

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

SINVIINSNOD
INIWAO13A3A




J0B 10, : DCTL-108 misie : 4
{'000 08 §)
Construction Period in Quarters
S sececescccscvacecicacasnscsestnancrctcaceasesranannses s et otasananssnacaanneannnoean Total
i ? ] { 5 6 1 8 9
Intereat oo loan
- 110t pa, 0.50  12.00 U.5] .93 1.2 18.84 L4 21,08 18.11 .0
.04 26.15 19.02 95.86 62.51 n.e 62,34 54,10 420.69
1.4 26.15 3.02 35.86 62.51 17.67 62.34 L5
1.04 26,15 49,02 93.86 62,61 17.61 12,25
1,04 26,15 14,02 95.86 62,51 234,58
1,04 26,15 45.02 95.46 1.0
1.04 26,15 49,02 16,21
1.04 26,15 n.19 _
1.04 1.04
- total 0.5 W S0 12604 203,33 1342 342 401.64 446,80 1859.09
|
ii Debt /Fquity 1.00 1.00 1.00 1.00 1,00 1,00 1,00 1.00 1,00 1.00
NEZARS OF PTNANCING : FQoITY 18597.18
. T0M 18597.17
TOTAL, 17194,15 8;—?1
................................................................................................................................. Z5
cO
i)
=
Z
a5
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JOB NO. : DCIL-105 EXHIBIT : 31

UNITED NATIONS INDUSTRIAL DPVEIOPMENT ORGANIZATION
AND
ARAB INDUSTRIAL DEVEI.OPMENT AND MINING ORGANIZATION

PROJECT PROFILE ON UNDERGROUND CABLPFS

MARGIN MONEY FOR WORKING CAPITAIL

('000 us $)
. Bank Finance

St. Perind Available Margin

No. Ttem (Days) Cost (2) (Amount) Money
1. Raw materials & 120 19814.79 1002 19814.79 0.00

Consumables

2. Finished Stock 30 5320.52 100 5320.52 0.00
3. Sundry Debtors 30 6476.44 1002 6476.44 0.00
Sub-tontal 31A611.75 361,75 0.00
4, Fxpenses 30 568.49 0x 0.00 568.49
Tontal 312180.24 11611.75 568.49




JOB NO. : DCIL-105

UNITED NATTONS INDUSTRIAL DPVPILOPMPNT ORGANIZATION
AND
ARAR TNDUSTRIAI. DEVEILOPMENT AND MINING ORGANIZATION
PROJPCT PROFILE ON UNDRRGROUND CABIFS

STATEMENT OF PRODUCTION AND SALFS
(in Nos)

wraking Davs, Year 100 100 300 300 300
trylasatvon 9N AN 0% 90%

CHV HV cables +Saingle Core)

capacaity (KMs) A00 n00 600 00 A00
Annual Output (KMs) 420.00 A20.00 420,00 420,00 420,00 420,00 420,00
Out put ' Day (KMs) 1.40 1.40 1.40 1.40 1.40 1.40 1,40
) Opening Stoeck 0.00 15,00 35.00 315.00 35.00 35.00 35,00 35.00 15.00 15.00
. Production a20.00 420,00 420,00 420,00 420,00 420,00 420,00 420,00 420,00 420,00
Total 120.00  455.00 455,00 455,00 455.00 455,00 455,00 455,00 455,00 455,00
B Clasing Stock 35.00 15,00 35,00 15,00 35,00 35.00 315,00 35.00 15.00 35.N00
Sales 185.00 420,00 420,00 420,00 420,00 420,00 420,00 420,00 420,00 420,00

MV (Cables (Multy Core)

Capacity (Kms) 4000 2000 4000 4000 4000 4000 4000 4000 4000 4000
Annual Outpar (Kms) 2800.00  3200,00 3600,00 3600,.00 1600.00 3600,00 3600,00 3600.00 3600,00 1I600,00
Output /Day (Kms) 9.1 10,67 12.00 12.00 12.00 12.00 12.00 12.00 12,00 12,00

) Opening Stock 0.00 23,1 266,67 300,00 100,00 300.00 100,00 300,00 100,00 100,00
Praduction 2800.00  3200.60  3600.00 3600.00 3600,00 3600.00 3600,00 IA00,00 600,00 600,00

Total 2800.,00  34131.311 38AA,.67 3900,.00 1900.00 3900.00 1900.00 3900.00 3900.00 3I900.00

Clasing Stack 233.0 266,67 300,00 100.00 100,00 300,00 300,00 300,00 300,00 300,00

) Sales 2966.67 N1ARG.ART ISAK.A7  TANO,00  3A00,.00  3A00,00 3600,00 IA00.00  1600.00 IAND,N0

T D G A D R Sk S A TS W D ST e GR 6 SN WD R S R I T TS S G G T SR W W W e TR O G W S G S S S CU G v e WD G G G R D G U S D P 00 G D S G D S G G G S R G D Y ey I R S ey S S U Y S Y S D G .y S D S v S S
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JO8 B0, : DCIL-10% sMIBIY ¢ 33

ONITED NATIONS TRDUSTRIAL DEVELOPNREY OAGARTSATION
ARD
ARAB THDOSYRIAL DEVELOPMRNT AND RINING ORGARISATION
PROJECT PROPILR ON ONDERGRODND CARLRS

STATINRRTY OF REVRNOR

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

Seling OPRRATING YPRARS
R O
(s $/m0 ] ? 1 ¢ 5 6 ! ] 9 in
THY WV Cables 13000.00 1461000 15960,00 1596000 15960.00 15960, 00 1596000 15960.00 19960,00 15960,00 15960.00 ]
WoNakies 35009.90 bAIE6.67 79166.67 A9166.6 90000.00 90000.00 §0000.00 90000,00 90000.00 90000.00 9000000 -

T8796.61 9512667 105126.67 105960,00 105960.00 105960.00 105960, 00 10596000 105960.00 105960.00

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

SINVIINSNOD
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JOR B0, : DCIL-195

Rav Raterialz and Consumahlss
Power
Nater

Sub-total
Contingeary {# S% an abave)

fotal A’

B. Pi1ed Cost

th Labour & Plaat Overhead *
a) Direet labour

b1 Indieect labour

' Sypervision

Sub-total

URITED BATIONS INDUSTRIAL DEVRIOPHRNT ORGARIZATION
ARD
ARAR TNDDSTRIAL DEVRLOPNEET ARD KINING ORGARISATION

PROJRCT PROPILE ON UNDERGROUND CABLES

COST OF PRODDCTION ARD SALRS

OPPRATING YPRARS

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

§7400.00 6560000 2180000 71800.00 73800.00 73800.00 73800.00
.00 2001 SAT. M SRT.9h  §87,98  5A7.98  §87.98
1.0 LR 65.66 65.66 65.66 65,66 65.66

S7900.52 66181.08 TH4SI.65 T453.65 74483.65 T44S).65 1448168
895,43 310905 3722.68  3722,68 3712068 722.6%  1122.68

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

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

238,92
966.82
1042,70

L
101516
1100.08

59,51
1063,50
[IRPNY)

1’
R )
1204.85

2794.90
1208.5)
1109.62

2683.10
1160,14
1251, 4

2906.70
1256.07
1162.00

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

4250.44

462,96

RIGIRIY : 34

(1000 U8 §)

.................................................................................... e e R L L L L T L T Yy ppup i,

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

73800.00 73800,00 73800.00
82,95 50098 s87.9
65,66 65.66 65.66

TA53.65  74453,65 74451,68
1M.68 12,60 172268

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

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

1018, 49
1108, 21
1419

113029
1161, 5§
1466, 7

124208
1401.89
1919,16

§718.08

495081

6161.1)

:
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JOB M0, : DCIL-10% BINIRI? : 3
{'000 us §)

.......................................................................................................................................

OPRRATING YFPARS

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

! ? i 4 5 6 1 ] 8 10
© Mher Factary Fipenses
1 Maantenance § 3%
~n Flant § Fouipment 93,44 98.4¢ 98.44 98. 44 98.44 98,44 98. 44 98. 44 98,44 98. 40
L) Naintepance 8 1%
on Ruriding & Civil oy TAY.20 183,20 183,20 1BY,20 183,20 08320 183,20 183,20 18320 18300
gl faneand 8. 1) 6.1 S6.11 $6.13 $6.1) $6.13 $6. 13 S, 1% 6.1 S6. 1Y
Sub-tutal . N VLY e NnnLe LYY NnLe wney ey mWmLe
110 Administrative & Sales Fasoages
at Salaries ® 116676 1225.10 128344 1341.70  J400.31  1458.45  1896.79  1S75.03  1633.46  159).80
b Jverheads NIAS 5,00 256,69 268,35 280.02 291,69 303,16 IS0 126.69 23R8
Sub-total 14001 147002 1540,12 1610413 1680.03  1750.14  1820.15 189018 1960.16  2030.16
tatal fvunan) 9988.52 611,05 6553.58  6836.10  M118.6)  7401.16  76R1.69  7966,21 824874  8511.D)
Coatingency (# 3% on abave) 29943 355 e 0.8 355,93 370,06 18418 198.3) 2.4 426,56
Tatal '}’ 628,95  6SB4.60 62125 MIT.9)  MILSE  1171.,22  8062.8%  BI6.S1  866).18  B9FC 8)
Yotal Cost of Praduction 67091,89 76074.71 85057.58 AS354.2¢ B5650,89 8%947.54 86244.21 B6S40.84 36330.50 AMLN6

and Saleg (AMBY eeeecine cieicmee ciccneme ccccecns searaese emesesee  semccess  secesece svcuesse  amecaces

.......................................................................................................................................

' Assumed to increase at the flar roe of SYostraight line svery year
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JCR RO, : DCIL-108 RYRIBIT : 35

ORITRD MATTONS IRDUSTRIAL DEVELOPMENT ORGABIZATION
oo ARD
ARAB INDOSTRIAL DEVRLOPMENT AND WINING ORGARIZATION

PROJRCT PROPTLE ON UNDRRGRODAD CABLRS

- PROJRCTED PROPITABTLITY STATENENT

('060 ns §)

OPFPRATING YRARS

Plesrnlsr ! 2 i ] S b ? ] 9 10
. Raw Materials and Consumabies §7400.00 65600.00 171300,00 73800.00 ?3800.00 ?73800.00 73800.00 71800,00 73800.00 73800.0" -
oo Paver 8.4 522,11 SR7.9%  SADL9R  SR7.98  SB7.98 587,98  SAY.9%  5B7.98 587,98 ;
) Bater $1.07 8.17 65.66 £5.66 65.66 £5.65 65,66 65.66 65,66 65.66 _
Labour § Plant Overhead 4250.4¢  4462.96  467S.48  4R88.00  5100.52 513,05  5S25.57  6718.09  5950.61  6161.13 -
. MNer Factory Rrpenses 0.9 9T W9 I e LYY e Mgy ey e
- Mumimistrative & Sales Ripenses 0010 147082 1540.12 1610413 1680.13 17%0.04  1820.15  1890.19  1960.16  2010.1¢6
Sub-tota! £1897.01 22452,11 81007.21 B1289.74 81572,26 81854.80 B82132,1% 82419.85 82702,18 82984.90
Cantingeiy N84 3622.61  4050.36 406449  4078.60 409274  4106.37 120,99  4135.12  4149.,2¢
; tatal 67091.87 76074,74  85057.57 B851S4.2) 85650.87 85947.54 B86244.20 B6S40.84 86817.50 87134.1%
= -1 - Stock Varation -8120.52  -126.01  -726.0) AF PR T B T P U I | P Y I T P I Y L RN | P { SRR I8 1 ]
Cost of Produclion and Sales B1770.35 548,71 R4I3L1.56 BS335.89 85632,53 85928,20 B86225.85 R6522.%C 26819.16 87)1%.81
PROJRCTRD REVRNDE T4795.67 95126.67 105126.67 10596000 105960.00 105960,09 105960.00 105960,00 105960,00 10%960.00
: Praf:t befare Tnterest and
Deprecrtt, - 17025.32 19727.94 20795.00 20624.1) 2032747 20010.80 19734.15 19410.%0 19140.84 18844.19

SINVIINSNOD
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J08 B0, : DCIL-105

M Ters loan
- 410% 0.3,

On Warking capital luaa
-2 M ..

s
Sub-tatas

crafig wefore Depreciaticn

teprectation and Asartisalicn

Profit before tax

tas

Distributable Profit

Mvidead

Retained Rarnings

Add Rack : Deprecration ¢
Asortisation

REY CASR ACCROAL

.................................

RINIBIY : 35

(1000 0§ §!

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

OPERATING YPRARS

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

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

189,72 859,72 185972 1S94.04  1228.37 106,70 792,02 §M.35 265,67 0.00

NI 319341 2845.36  1896.70 - 948,38 0.00 8.00 n.00 0.00 0.60

665303 5653.00 420478 J490.74 2276.71 106270 197,02 .38 265,67 0.90

P19 L4124.81 16090.3 17133,37 1805075 18968.10 18937.13 18906.15 18875,17 18844.19
8 114,83 1274083 120483 1374.83 12483 137481 134,83 137483 13nm
997,36 12749.98 14715.50 15758.54 16675.92 17993.27 17562.10 17S11,%2 17500.34 17469.36

0.00 0.00 0.00 0.00 0.00 0,00 0,00 0.00 0.00 0.00
9997.36 1274998 14715.50 15758.54 16675,92 17593.27 17562,30 17531.32 17500.%4 17469.36
185972 185972 2789.58  ING.M ING.AE 3NG4 464929 4649.29  4649.29  §679,1%
817,64 10890.26 11925.92 12029.10 12956.48 13872.83 12917,01 128K2.0) 124%1.05 11890,

IITL83 100483 130481 132483 137483 137483 137483 137483 130483 13483

9S12,47 12265.09 13300.75 13403.93 14330.21 15248.66 14287.84 14256.86 14225.88 13265.04

SINVIINSNOD
INIWAO13A3A



Jod 80, : DCTL-105 UL L
ONITRD BATIORS TRDOSTRIAL DEVRLOPMENT ORGARIZATION
AR
ARAR TNDUSTRIAL DRVRIOPKRWT ARD MTNING ORGANIZATION
PROJBCT PROPILR ON DRDRRGROORD CABLRS
: B STATEMENY OF PIXRD ASSRTS AND DRPRRCIATION ONDER STRAIGHT LINR ABTROD
. (1000 us §)
) value  Technical  Sub-  Contin- Sub-  Interest Sub-  50% of Rate Asount
- Laarripttas Inow-how  Total  gency Total during Total  Pre-op Total
- Pees Construct Rrpenses (%) B
B ', land § iand Developaent 833,13 0.00 38186.19 0.00 B186.19 0.00 8186.19 0,00 8386.19 0% 0.00 —
<ogartdhag b S dark 18319.,95  1812,97 19332.93  1178,00 20710.9)  1547.40 22258.)3 613,40 22871.76 914,87 -
Y. Piaat & Mahiaery PR L 1814 )462.9) 246,83 1109, 2.1 1986.9) 109,88  4096,8) 8NN
4. mzcellancous Pized Assets 408,58 2.% aLn 10.73 461,90 .50 496.42 13.68 510,10 1t 56,1
5. Preliminary Eipenses 26,00 0.00 15.00 0.00 25.00 0.00 25,00 0.00 25.00 10y 2,90
§. Pre-operative Bipenses 1472.98 p.00 1472.99 0.00 1472.99 0.00 1472.99  -736.99 116,00 10t 71,60
1. Techaical Enow-how Pees 1IN0 -1217.00 0.00 0.00 0.60 0.00 0.00 0.00 0.00 0y 0,00
. Subh-total nmL niLA 14766.77 16625.86 16625.46 1.8
*. Contiagency 1655 56 0.00  1685.56 -16%5.56 0.00 0.00 - 0.00 0.00 0,00 eeeeee.
........................................ No
Sub-total WheM? 14766.77 Wee. N 16625.86 16625,86 Og
- 9. Interesi during Coastruetion 14%9,0¢ 0.00 1859.09 0.00 1859.09 -1859.09 0.00 0.00 0.00 g’m
oA S m
ota! 1083036 3662586 1662586 36625.06 16625.86 %Qg
------------------------------------------ 3
.............................................................................................. eeeensacamaenetetaanannereemsrear——aransnnnnnees
—Z
-
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JoR 0. : DCIL-105 RINIBIT : 37

ORITED WATIORS INDOSTRIAL DEVRLOPHRRT uRGANIZATION
AW
ARAB INDUSTRIAL DEVELOPNENT AND NINYNG ORGARTZATION

PROJRCT PROPILE OR DNDRRCROUAD CABLRS

TAT CONPOTATION

{'o0e 18 §)
"""""""""""""""""""""""""""""""""""""""" orRRATING veaRs
JE T S Y
frafit befare Depreciatiun TR72.09 1412480 16090.33 17133,37 12050.75 18968.10 18937.13 18906.15 1887517 18844.i9 ',’
Legs : Currest Depreciation UI24.83  1305.86  1M41.09  UIOA19  1047.080 993,30 94274 8353 850,27 807.99 “
Balance 999736 12818.97 144924 16029.18 17003.71 1797480 17994.40 180}1.03 18624.90 18036.2)
Less © Unabsorbed Depreciation 0.00 0.00 0.00 0.00 f.00 ¢.00 . 0.00 0.0¢ 0.00 f.00
tatable Tncome 9997,36 12818.97 14849.24 16029.18 17002.71 17974.80 17994.40 1R011.03 18024.90 18036.7!
LY 1 0.0 0.00 0.00 f.00 0.00 - 0.00 0.00 0.0 0.00 0.00

SINVIINSNOD
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FXHIBIT : 38

JOR RO. NCTII-105

ONTTED NATTONS TNDUSTRTAT. DRVET.OPMENT ORGANTZATTON
AND :

ARAR TNDUSTRTAI. DEVFT.OPMENT AND MTNTNG ORGANTZATTON

PROJECT PROFTLE ON UONDERGROUND CABLES

DEPRECTATION FOR TAX

('000 DS §)
Ruilding & Plant. and Miga. Fixed
WDy Civil Work Machinery Agsets Amortigsation Total
Rate 4% 8% 10% 10%
Value 22871.76 4096.81 S10.10 761.00
Depreciation Year 1 914.87 3127.74 R6.11 76.10 1374.A3
Ralance 21956.89 3769.06 453.99 684.90
Depreciration Year 2 878.28 30 .53 49.94 76.10 1305.84
Ralance 21078.61 3467.54 404.05% 608.80
Depreciration Year 3 f843.14 277.40 44.45 76.10 1241.09
Ralance 20235.47 3190.14 359.60 532.70
Depreciation Year 4 809,42 255.21 39.56 76.10 1180.29
Ralance 19426.058 2934.93 320.08 456.60
Depreciation Vear 5§ 777.04 234.79 35.21 76.10 1123.14
Ralance 18649.00 2700.13 284.84 380.50
Depreciration Year 6 745.96 216.01 31.33 76.10 1069.40
Ralarnce 17903.04 2484 .12 253.51 304.40
Depreciation Year 7 716.12 198.73 27.89 76.10 101R8.84
Ralance 17186.92 2285.39 225.62 228.30
Depreciation Year 8 6A7.48 182.83 24.82 76.10 971.23
Ralance 16499,45 2102,56 200.80 152,20
NDepreciation Year 9 659.98 168.°0 22.09 76.10 926,37
Ralance 15839.47 139354.36 178.72 76.10
Depreciation Year 10 4£33.58 154.75 19.66 76.10 8084.09
Balance 15205.89 1779.61 159.06 0.00
whv Written NDown Value

SINVIINSNOD
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JOR RO. : DCIL-105 FINIBIT : 39

URITRD AATIORS TRDOSTRIAL ORVRLOPNENT ORCARIZATION
AND
ARAB THDUSTRTAL DEVRLOPNRAT AND MINING ORGARTRATION

PROSRCT PROPILE OM DNDRRGRODRD CARBLRS

WORKIRG CAPITAL RRQUIRRMRR?S
(Rzcluding Cash and Rank Balances)

{'000 us §)

. Raw vater:ais & Consumabies PRNAIY 2264548 25476.16 25A7b.16 25476.16 25476.16 2547616 2%476.06 547616 2547616

Y Binished Stack S220.52 604651 6772.50 6790.8%  €809.22  6827.56  6MAS.O1 6643 6882.59  6900.90

: Y. Sundry Debtars SAT6.40 TRIR.61 B640.55 870904  8709.04  8709.04  8709.04  8705.06  $709.04  $709.04
- oL HRILIS JSI060 409,25 976,00 1090447 MIOVT OG0T MRS BRI B

- Increase/!decrease! UEILIS 489089 411861 8683 1AM 1 IB3S IR 18 18

- Stack Variation NS00 600 WM I M IR 8 I I

........................................................................................................................................
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JOB 0. : DCIL-108 BARIBIT ¢ $0
DITTED NATIONS INDUSTRIAL DAVRLOPMENY ORGARISATION
ARD
ARAB INDOSTRIAL DEVRLOPHRNT AND NINING ORGARIZATION
PROJRCT PROFILE ON UNDERGROUND CABLRS
PROJRCTRD CASH PION STATENENT
{1000 ns §)
\ P A R
B e R e o e e e ettt
Pariad 1 p 1 ] L] ) 1 B 9 10
A. SODRCRS
facrease 10 fhare Capital 18707 )8 0.00 0.00 0.00 0.00 . 0.00 0.00 0.00 0.00 0.00 0.00
Increase an Yera loan 1859713 0.00 0.00 0.00 0.00 0.08 0.00 0.00 0.00 0.00 0.00
Iacrease 1 Rank
loaw 3.00 11611, 0.00 0.00 0.00 0.00 0.80 0.00 0.00 0.00 0.00
Profit before taz with
Taterest added back 9,00 15650.49 18403.11 19420.28 19249.28 18952.64 18655.97 18359.32 18062.6) 17766.0)  17469.36
Depreciation .00 117483 1.8 1INL8Y 137483 137483 130480 132481 130483 ML DL
TOTAL 'A! 94,15 48637.07 19777.94  20795.11 2062411 20327.47 20030.80 19734.15 19417.50 19140,84 18844,19
B. APPLICATIONS
Tacreage in Capital
Ripenditure e M 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
[acrease!/(Decrease) 1
¥arking Capital 2,00 T61TLYS 4898.89  4370.6) 86.83 18,34 18.34 18,3% 18.34 8.4 18,34

SINVIINSNOD
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JOB MO, : DCIL-10S LImIBI? : W
{'000 08 §)
Y R A R
L e A B R e Tt O
Periad 1 2 k] ] ] 6 7 8 9 10
Taterest

On Term Loan

-1 paa. 195909 1859.72  1859.72 185972 1594.04  1328.37  1062.70  197.02 531,35 265.87 0.00
O Warking Capital Taan

- 810 pa. 0.00 791,41 793,41 2845.06  1896.70  948.35 0.00 0.00 0.00 .00 0.00
Total interest 189,09 5853.13  5653.13 470478 3490.74  2276.72  1062.70  7197.02  %31.1% 265.87 0.99
Tai 0.90 0.00 D.M 0.00 0.00 0.00 0.“ 0.00 0-00 0.00 0-00
Mvidend .00 1859.72 1859.72 218958 IN0.H AN9.40 3NG40 4649.29  4649.29 4649, 29 §$79,18
Repaysent of Teras Loan .00 0.00 0.00  2656.74  2656.74  2656.74 . 2656.74  2056.74  2656.7¢  26%.7 0.00
Repaveent af Morking

Capital Loan 2.00 0.00  7902.94  7902.94 7902.9¢ 7902.93 0.00 0.00 0.00 0.00 0.00

TOTAL 'R J662C.86 YO124.60 20014.68 22432.65 17856.69 16574.17 487,22 8121.40  78%5.72 1590.00  559).4%

Opening Ralance 0.00  SaB.49 10080.96  9%44.22  7906.68 10674.10 14427.40 27000.98 38613.73 $0195.5) 61746.12
Surplus /(Deficit) during
the Year { A - R S68.49 951247 -536.74 -1620.54  2767.42  3753.30 12573.58 11612.7% 11581.78  11550.81 1124670
Claging Baiance §83.49 10080.96  9544.22  7906.68 10674.10 14427.40 27000.98  18613.73 50195.51 61746,32 74993.02

........................................................................................................................................

]
-
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JOR M0, : DCIL-105 O]
ORTTRD MATIONS TRDUSTRIAL DEVRLOPHENT ORGARTRATION
ARD
ARAR THDUSTRTAL DFEVRLOPWRENT ARD MIRING ORGARTRATION
PROJRCT PROPTLR ON UNDRRGROOND CABLERS
PROJRCTED RALANCR SRREY
(*000 us ¢
Y 4 A R
| J 1 ] 5 ) i L] L] 10
Share Capita. 18597.18 18597,18 18%97.14 18%97.18 18597.18 1R797.18 18597.18 1R%GY,IR 1A%97.18 18%97.18
1 Reserves A Rnrroas RIVY, R4 190727.9C 1N9ST,R2 42992,92 S5949.40 69823,21 A6, 24 9%H1R,27 10846917 120169.91
SHARRHOLRESS " FpND SETVLEY 17628.08  49%51.00 6159G.10 T4S46.5x 8842041 101330,42 1HA10,45 127066.5%0 118956,
wast Intanqible Aseets AR4.90 608,80  SD2.70 456,60 180,50 0440 830 152,20 HAT n.00
TANGIRI.P RET WORTH J6049.92 37016.28 49018.30 61131.%0 43R6.08 RB116,01 101105.12 114063.25 126990,40 1189%6.7!
ady Ters Loan 19897.17 18997,17 1504041 112R%.69 10A24,95 970,21 §M). 47 RSN g,00 .00
CAPTTAL FUND $4647.00 8561145 64958.71 T4417.19  A479Y,00 9K0AR,22 10A41R.59 116719,.98 126990,40 118956
EEY Net Prired Assets WSAR T Y1267.40 11968.67 10669.94 29371,21 28072.48 26773.7% 28478.02 24176.29 23817.%%
NET CURRENT ASSRTS 1008096  22146.05 32990.06 43742.25 SS421.B2 AAOIX.YE 944,84 91244.96 102814.00 11607915
. TURENT ASSRTS
Hork1ag Dapital VAILLTS 16510.64  £0889,25 40976.08 40994.42 41012.76 MO, 11 41049,45 81067,79 4108E.1°
cagh & Rank Ralance
ag per Cagh Flow Sttatesent 10080.96  §544.22  7906.68 10674.10 1442).40 27000.98 2R613.73 50195.50 61746.10 74891.0;
TOTAL A" 41692.71  46054.86 48795,91 S1650.18 SS421.82 68013.74 79644.84 91244.96 102834,11 11607919
................................................................................ (-)O
£, CORRENT LIARTLITIRSS Og
____________________ Zm
Rank Loan V611,78 23708.8) 15805.87  7902.93 0.00 .00 0.00 0.00 0.00 0.00 86
................................................................................................... ~ -0
TaTAL 'R 611,25 2370881 15R05.87  1902.93 0.00 0.00 .00 0.00 0,00 0.00 ; Z
................................................................................................... Zm
NET CURRENT ASSETS (A-R) 10080.96 22346,05 32990.06 43747.25 55421.82 6801174 79644, M6 91244,96 102004,00 116079,15 L—n" E

........................................................................................................................................
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DEVELOPMENT

JOB NO. : IC1L.-105H

9.
io.
1.
12.
13.
14.
15.
Ih,

V7.

UNITED NATTONS INDUSTRIAI. DEVELOPMENT ORGANTZATION

AND

ARAB TNDUSTRIAL DEVELOPMENT AND MTNING ORGANJZATION
PROJECT PROFTILF ON UNDFRGROUND CARLES

BRFAK-FVEN ANALYSTS

Raw Malerials and Conzumables
Power
Water

Sub-total (1 thru 3)
Contingency

VARIABULE COSTS

REVENUE

CONTRIBUTION (7 - &}

Labour & Planl Overhesl*

Other Facltory Fxpenses
Administrative & Sales Expensen*
Sub-Total (9 thru 11)
Contingency

Sub-Total (12+11)

Intereat**

Depreciat 1on

FIXFD COSTS

HRFAK-FVFN SALES 17*7/8

BREAK-FEVEN POINT
CASH BREAK-EVEN SALFS

CASH BREAK-FVEN POINT

Averaqe over 10 yearn
Averagqe ovesr O yoears

CONSULTANTS

EXHIBIT : 42

('000 us $)

82000.00
653.311
72.96

82726.27
4136.31

7259.89

362.99
7622.89
4RB7.05
1374.83

13484.76

5295%1.00

45.0%

47709.76

40.5%




DEVELOPMENT
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CONSULTANTS

JOR NO. : DCIT.-105% EXHTBIT : 43

HINTTED NATTONS TNDUSTRTAL DEVELOPMENT ORGANTZATION
AND
ARAR TNDUSTRIAL DFEVELOPMENT AND MINTNG ORGANTZATION

PROJIFCT PROFILE ON UINDERGROUND CARI.FES
TNTERNAL RATF. OF RETUORN

('000 us $)

Year Out.flow Inflow Net. Inflow
0 -37194.135 0.00 -37194.35
1 0.00 17025.32 17025.32
2 0.00 19777.94 19777.94
3 0.00 20795.11 20795.11
4 0.00 20624.11 20624.11
S 0.00 20327.47 20327.47
6 0.00 20030.80 20030.80
7 0.00 19734.15 19734.15
8 0.00 19437.50 19437.50
9 0.00 19140.84 19140.84
10 n.00 18844.19 18344.19
TRR 50.5%
Out f low Project Cost
Tnflow - Profit before Intereat, Depreciation and Tax




SECTION - 13
PROJECT IMPLEMENTATION PLAN




DEVELOPMENT
CONSULTANTS

PROJFECT TMPLEMENTATION PLAN

The Underground Cable manufacburing plants will be sel up in
Libya. The implementation schedule of Lthe key aclivities
involved in setl ing up the plant s preseated 1in
Exhitbit-44.

The programme covers a time span of 27 months starting from
the preparation and finalisation of Detailed Project Reporl
({DPR) and ending on the commencement of commercial
production. Tt allows adequate time for procurement and
erection of Lhe equipment. Frection of heavier equipment i
will become easier i procurement and installation of FOT
crane 18 speeded up. The total Lime span of 9 to 12 months
for delivery of equipment. al site have to be strictly
adhered to, as this will i1nvolve international competitive
bidding. Any delay in this slage will adveruely affect the

commisrioning of the plant in time.

Recruitment. of personnel has been shown in  various key
pointy durng Lhe implementation stage. Fxperienred
perronnel  will be recruited within the firsl seven quarters

For sentor levels,

Though not. included 1n the key activities, 1t 38 important.
Lhat the clienl applies for and obtains the necessary

funds from the concerned financial) 1nstitution well in Lime.




JOB NO. : DCIL=-105 EXHIBIT 1 44

UNITED NATIONS INDUSTRIAIL. DREVELOPMENT ORGANIZAT [ON

AND
ARAB INDUSTRTAL DEVELOPMENT AND MINING ORGANIZATION
PROJECT PROFILF ON UNDERGROUND CaBLES
PROJECT IMPLFNENTATION SCHEDULE

Months
Sle e mm— e —e—— e — e m————————
Na Activity 0 l h 9 12 15 18 21 24 7
1. Finahisatyon  of Detarled Project : 5 ' ' : : ! ' :
Repart : H : ' ' : ' . '
2. Entering into agreerment for 'V et : H ' . . . ,
coltabovation : ' ! : : : ' . : ‘
1o Fmahisation of detailed  engineerving ' \am— ! : . ! : ' '
Report ' : ' : ' : ' ' : '
‘ ' ' H ' ' ! ' . ‘
4, land develapment at site ' | epmeed— ' ' , . :
5. Civil design and coustruction of : H H : ' : ' ' : :
workshop  and  auxiliary  building, . : : ' H : | : ‘ ‘
ete,, including detail engineering for : : Jm $ —j— e - ; : '
distvibution of water, compressed air : . H ! : H , : ! '
and power xystems ' ' . ! , ' : ' ‘ i

SINVIINSNOD
INIWJON3A3Q




JOBR NO. : DCIL-105 EXHIBIT : 44
Months

sy, | eeeceeccsccescecsssacaecses - T a0 . . - - - . -
No. Activity 0 3 6 9 12 15 18 21 24 27
h, Civil design and  coustraction of X ' ' H : ] . : ' '
adninistrative building, including : ' H \en——— . . ' .
design of  ventiylation and  lighting ' : : ' ! : : : : :
Lystem ' ' g : ' ' : ' ' '

) L} L} L} ] ] + L | )

T. Preparation and floating of tender ' : ' : ] ' . , ' :
dacuments tfov proacurencnt of equipment H : — ' ' 1 : ‘ '
wnclusive of main plant and machinery, ' ' : : ) ' , . : ;
utilities, EOT cranes, ste, . . H 1 : H J ' ' :

) ) ) 1 ] ‘ L) + ) )

3. Rid evaluation and finalisation of : H ' ' ' : : H : '
contracts with VRTI0US equipment : : ' o ' . : : '
auppliers : . . : ' : 1 . : .

] ’ ] [} ] + 1) [ [ )

] l ] 1 ] ' . [ . ]

9, Recrintment af pevsanue! ' — H — — | ee—
: ' , H : : : ' ' :

10. Delivery of equipment at site . \ : : : ' | el ,
: \ : ' : : ' ' ' ‘

11, Frection of equipment including main : \ : : : ; : ' ' .
plant, POT  cranes and other ' : ' ' N ' : '
distribution systems : ' i : : H | : H '

: ‘ » ] H : ' ! ! H

12, Fyuipment and Process Testing ' : ' ' H j ' ' |
) ] ) ) L] ] 1] ) 1 ]

L ) ) ) 1 ) L} L} ' L}

1. Training of personnel i ' : ' | e | b o
] ’ ] t ] ] ' ‘ " []

1} 1] L 1 ] ) L} L) L} 1

14, Commissioning of plant H : : HE ' : ’ "I
] (] L ) ) ) ) ) [} )

' 1 1 ‘ ) ) L} ) ) )

1S, Trial yvum : , ' } ' : : . R
) ) ) ) ] L) ) ) 1] 1

) t ] 1] ) 1 ' ) ’ ]

16, Commencement of commeveial prodoction : ‘ : : ' ! : , ' *
) [ ] ) ] ) + ] ) L ]

L] L 1 1 L} L} L L + 1

SINVIINSNOD
INIWJOI13A3A
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LEGEND

01

C2

3

[

-1

CQUTER SHEATHING MACHINE

CABLE REWINDERS

POLYMER EXTHUSION {INE

FCLYMER PREPARATION AREA
STRANDING / ARM2QURING MACHINE
CORE LAYING MACHINE

ROC BREAKDOW! MACH!NC
ANNEALING FURNLLE

STINTING AND THREALING MACHILE

E.C.T CRANES
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RELEASE
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' ALL DIMENSIONS ARE INMETRE
LAYOUT OF CABLE MANUFACTURING PLANT
UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGAm.rTION AND
ARAB INDUSTRIAL DEVELOPMENT AND MINING ORGANIZATION
R
DATE
| o .]% DEVELOPMENT CONSULTANTS
; LIMITED
v CONSUL.TING ENGINEERS
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