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I. EXECUTIVE SUJDlllY 

1.1 Backqrcund and history (chapter II) 

The idea of a local (lSElll) aanufacture of ductile iron pipe was 
identified by UllIDO during the first phase of DP/llS/85/010. lt the annual 
aeeting of the Coaaittee for Industry Bining and Inergy (COillE) for lSEllf 
countries held in October 1987. the Coaaittee endorsed the undertaking of an 
opportunity study to investigate the financial and technical viability of a 
ductile iron pipe •anufacturing unit in the region. 

Two aeal>er countries expressed particular interest. naaely Balaysia and 
the Philippines. and they were later joined by Indonesia. 

Ductile iron pipe bas been iaported into the lSElll region since 1975 and 
before that tiae, grey spun-iron pipe. Since 1980 the overall level of 
iaports has steadily increased although aost of tbe recent iaports have been 
associated with foreign loan agreeaents particularly with Japan and the 
United lingdoa. 

1.2 Barket and plant capacity (chapter III) 

Barket deaand 

It bas been decided to initially cover the saaller-diaaeter pipe aartet. 
Tbe selected products fall into the 100-450 aa range. Doaestic deaand for 
ductile iron pipe in Indonesia, Balaysia and the Philippines is forecasted as 
follows: 

Philippines 
Indonesia 
llalaysia 

1991 

7,910 
68,774 
34.636 

1992 

7,910 
68, 774 
U,184 

1993 

7,910 
68, 774 
49,277 

1994 

7,910 
68. 774 
57,368 

In view of uncertainty envisaged in the deaand forecast of DI pipe, e.g. 
procureaent policy of water pipes for water supply projects, availability of 
foreign financial assistance funds, no specific growth rate bas been taken 
into account for Indonesia and the Philippines. For Malaysia, the increasing 
penetration rate into asbestos ceaent and steel pipe aartet is lbe basis of 
deaand growth. 

In the fourth year (1994), the total deaand in ASEAJr including other 
ASBAJI countries such as Singapore •~11 aaount to approxiaatelJ lt0-150,000 t. 

Plant capacity 

Two aachines prod~cing pipes ranging fro• 100-450 .. in diaaeter with 
40 per cent of product l group (100-150 aa), 30 per cent of product I group 
{200-250 aa), 20 per c~nt of product C group (300-350 aa) and 10 per cent of 
product D group (t00-,50 .. ) could reach the noainal aaxiaua production of 
82,800 t. This indicative full capacity is achieved through the following 
working arrange•ent: 8 hours/day, lwo shifts, 231 wortinq days per year. This 
plant capacity would absorb approxiaately 60 per cent of the AS!i. deaand in 
the selected groups of product. Installation of a third aacbine to pcoduce 
120-130,~00 t. bas not been reco .. ended in light of uncertain de•~nd and of 
the penetrating ratio to replace other material pipes. 
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Sales forecast 

The following sales forecast bas been aade on the basis that (a) 50 per 
cent of the forecasted deaand would be stiaaed by the proposed products in 
the Philippines and Indonesia; b) replacing asbestos ceaent and steel pipes 
would be fully captured by the proposed products in Malaysia; (c) replacing 
iaported DI pipe would only be half successful, i.e. 7,500 t. of DI pipes for 
product groups l, B, c. and D would be replaced by the proposed products in 
llalaysia. 

Case I 
Philippines 

Doaestic 
Export 

Case II 
Indonesia 

Doae:stic 
Export 

Case III 
Malaysia 

Doaestic 
Export 

Pricing 

3,955 
20,885 

24,800 
nil 

24,800 
nil 

3,955 
37,445 

34,387 
7,013 

33,684 
7,716 

3,955 
58,145 

34,387 
27,713 

41,777 
20,323 

3,955 
78,845 

34,387 
48,413 

49,868 
32,932 

The selling price of products bas been determined at a US$ 600/llT level. 
This does not include 15 per cent of sales coaaission, but distribution 
costs, aainly freight cost. are included in cases of products to be exported 
to foreign aartets. The coapetitive price vith other products would there
fore be US$ 690/llT. The freight charge between Malaysia and Indonesia is set 
at US$ 36/!IT and between the Philippines and Malaysia/Indonesia at US$ 72/llT. 
The set price for 300 aa pipe, i.e. US$ 219/piece. is coapetitive enough vis
a-vis spiral welded steel (US$ 220) and iaported ductile iron pipe (US$ 290) 
and aarginally coapetitive in asbestos Ceaent (USS 198) in Malaysia. It is 
coapetitive only vis-a-vis iaported ductile iron pipe (US$ 246) in Indonesil. 
It is not at all coapetitive vis-a-vis other aaterials in the Philippines. 
Despite of this price disadvantage in Indonesia and tbe Philippines, the 
relatively optiaistic sales pr~jection (50 per cent of projected deaand), 
however, was aade for tbe Philippines and Indonesia on tbe basis of expected 
changes in procureaent policy of tbe water supply authorities who should 
proaote a favourable ground for DI pipes. 

1.3 laterial inputs (chapter IV) 

Basic fe~istock for ductile iron is aild steel scrap or its equivalent 
in bot briquetted iron or direct reducing sponge iron. Steel scrap is reco•
aended as basic feedstock on the grounds of availability, price, aetallurgical 
suitability for electric in~uction aelting, and a low net sulphur content. 
'!'bis decision does not necessarily preclude the future use of RBI or D.R. 
iron if circuastances change. 
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Alloys and recarburiser needed for ductile iron aanufacturing are 
already iaported and available locally. Local supplies of sand, ceaent and 
other aaterials for pipe finishing processes are also available. 

The relative costs in US dollars per tonne of aaterial consuaables are 
the following: 

Direct aaterials 
Indirect and auxiliary aaterials 

lfalatsia 

190 
co 

Indonesia 

211 
33 

Energy costs (US$) vary with the countries as follows: 

Unit cost 
Full output costs 

lfalaysia 

0.06 
2,484,000 

Indonesia 

0.04 
1,656,000 

The price of ~ooling water (US$) is calculated at 

Annual cost 
Cost per 1000 a3 

Cost per tonne of pipe 

lfalaysia 

165,000 
160 

1.993 

Indonesia 

116,530 
113 

1.410 

Philippines 

215 
32 

Philippines 

0.077 
3,187,800 

Philippines 

140,250 
136 

1.694 

The cost of fuel oil used in the heat treataent of pipe is estiaated at 
US$ 3.5 per tonne, giving an annual cost of US$ 289,800 at full capacity. 

Laboratory and quality control aaterial costs have been estimated at 
US$ 1.5 per tonDe, giving an annual cost of US$ 124,000 at full capacity. 

1.4 Location and site (chapter V) 

A specific site and location for the plant have not been established. A 
site of at lea~; 25,000 square aetres will be required for a ductile iron 
pipe plant. The study bas assuaed the purchase of the freehold, although 
suitable land aay be rented or leased to financial advantage. 

The typical costs of land and average costs of buildings and foundations 
are provided. 

llalaysia Indonesia Philbpines 

Land 1,000,000 1,400,000 1,200,000 
Buildings and foundations 5,500,000 7,700,000 6,600,000 

1.5 Project engineering (chapter VI) 

A two-pipe •~inning aacbine plant bas been selected, supplied by aolten 
treated ductile iron fro• a series of electric induction batch aelters. This 
proposal incorporates a re~uired degree of autoaation concoaitant with the 
need for repetitive quality assurance production in a high voluae environaent 
and to precisely coordinate the various aachine sequences at each operation 
by aatcbing aetal supply with pipe spinning and all subsequent finishing 
operations. 



- ' -

Whilst the so-called world best practice is said to be S •an/hour per 
tonne. this study ai•s at producing pipes with a •anpover ratio of approxi•
ately 10 hou~s per tonne. The study has liaited the type of pipe produced to 
a size range of 100 - 450 .. diaaeter and a single type of push-in joint 
suitable for water applications. 

The total cost esti•ate of plant and equip•ent is given at US$29.040.~00. 

The costs of technology transfer are esti•ated at USS 1.620.000. 

1.6 Organisational structure and overhead costs (chapter VII) 

The •anage•ent and erianisational structure is shown in Table 7.1 on 
page 44. 

Overhead costs 

a. Factory overheads which relate to •aintenance and spare parts. effluent 
disposal and insurance aaount to USS 871.SOO per annU!I. 

b. Administrative overheads reflect the costs of •anage•ent and ad•inistra
tive labour. and the operating functions of the office involving 
co•puters. 

llalaysia Indonesia Philippines 

271.000 66,120 70,272 

The large differences in costs between Malaysia and the other two 
countries is due to differences in wage and salary levels. 

c. Administrative non-labour overhead. This provision covers the cost of 
co .. unications, co•puterized production control, ~tationary etc. and 
provides a work •edical service. 

Cost provision =USS 207,000 per annua. 

d. Marketing non labour. Provision has been •ade to cover costs of 
custo•er liaison and travel at USS 500,000 per annua. 

1.7 Kan power 

A. The cost of factory labour is calculated in US dc;llars at: 

lalusia Indopesia Philippines 

808,124 393,752 321,559 

Kalaysian wage rates are •ore than double those of the other countries. 

The total payroll including aanagement and adainistration is 201 
persons. Including ~•ertiae and night shift allowances, the total payroll 
costs (US$) at full output are: 

nalavsia Indonesia Philippi nu 

948,624 426, 712 355,655 
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B. Expatriate labour 

The use of foreign labour is seen as essential for the s•ootb and 
adequate transfer of technology and operational knov-hov. The costs include 
pre-production phases and two years of production. 

Pre-production Production phase 

Year 1 Year 2 Year 3 Year 4 
Foreign expert costs 82,500 247,000 305,000 305,000 

Costs of training for local engineers and aanageaent (USS 120,000) are 
included in the pre-production cost allocation for technology tran~fer at 
US$ 1.62 a. 

1.8 Project iapleaentation (chapter IX) 

Since this study vas not required to select a location or site, the 
influence of site and loc~tion on costs and tiae are not known. The tiae of 
iapleaentation will depe~d on whether appointed contractors for design, 
building and installation take longer than a contractor who is already in the 
pipe aanufacturing business and intends to have an equity share in the new 
project. The study assuaes a 24-aonth iapleaentation phase. 

Pre-production costs during the 2-year iapleaentation 

Jfalavsia Indonesia 
Jfanageaent team 399,953 174,500 Expatriate teaa JJ0.000 330,000 Pre-aarketing advertising 20,000 20,000 Inventory forei~n 1,070,000 1,245,800 Inventory local 248,000 204,930 Pipe aould stocks 882,000 882,000 

1.9 Financial analysis (chapter X) 

A. Total investaent cost CUSS 1,000) Philippines Indonesia 

Building and land preparation 
Plant equipaent and engineering 
Pre-production capital expenditure 
Interest during pre-production 

B. Project financing (US$ 1,000) 

Equity 
Foreign loan 
Bank overJraft (or equity) 

7,920 
30,660 
2,859 
1.129 

42,568 

9,300 
30,660 
2,859 
1.129 

43,947 

Philippines Indonesia 

10,779 
30,660 
1.129 

42,568 

12,158 
30,660 
1.129 

43,947 

phase 

Philippines 

146,390 
330,000 
20,000 

1,281,680 
198,720 
882,000 

Jfalaysia 

6,700 
30,660 
2,950 
1.129 

41,439 

llalaysia 

9,650 
30,660 
J.,129 

41,439 
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c. Total production cost (USS 1,000 - Uh year of prc,d•1ction) 

Phili22ines Indonesia Malaysia 
~ variable fixed variable fixed variable 

Factory costs 1,270 24,531.8 1,087.8 22,980.7 1,506.9 22,672.2 Other costs 
ldainistration 2'2 240 342.5 
Sales and freight 500 5,676.8 500 1,742 500 1,185.5 Depreciation 2,452.9 2,488.6 2,488.2 

Financial charges 2.146.2 2,146.2 2.146.2 

Total 6,611.1 30,207.6 6,483 24,723 6,943.8 23,857.7 

D. Financial evaluation 

(i) The cuaulated cash balance becoaes positive in the sixth year of 
production for the Philippines and in the fifth year fo~ Malaysia and 
Indonesia. 

(ii) let profit Closs) for the first five years CUSS 1,000): 

First Second Third Fourth Fifth 

Philippines -1,004 1,723 4,811 7, 716 7,716 Indonesia 723 4,054 8,135 12,020 12,020 Malaysia 513 3,587 7,548 11,327 11, 327 

(iii) let present value cuss 1,000) and IRR 

IRR let 2resent value at cut-off rate 

Philippines 
Indonesia 
Malaysia 

(iv) The break-even point 

' of capacity 
Production level 

19.08 
25.1 
25.27 

Philippines 

33.9 
28,110 t. 

20\ = -1,775 
20\ = 10,769 
15\ = 26,337 

Indonesia 

25.9 
21,442 t. 

(v) Debt service ratio for the first ten years 

Philippines Ipdonesia 

1st year 0.56 1.46 
2nd year 2.36 3.52 
3rd 1ear 3.68 5.30 
4tb year 4.98 7.05 
5th year 2.94 3.97 
6th year 3.03 4.10 
7tb year 3.13 C.24 
8tb year 3.23 4.39 
9tb year 3.34 4.55 

lOtb year 3.46 4. 72 

lfalaysia 

26.89 
22,264 t. 

Malaysia 

1.27 
3.27 
5.02 
6.74 
3.8C 
3.92 
C.05 
4.19 
4.34 
4.50 
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(vi) Sensitivity analysis 

Assuaption: Producti~n level (sales volume) is reduced to 62,100 t. (75 per 
cent of full production level), 25 per cent of which is for 
export and 75 per cent for doaestic aartet. This sensitivity 
analysis has been conducted only for Indonesia and Malaysia 
since the Philippines' IRR is already lover than the cut-off 
rate. 

Result: In both cases the IRR still stays above the cut-off rate. Thus 
the plant can be co .. ercially profitable even at 75 per cent of 
full capacity. 

1.10 Conclusions 

Tbe financial indicators show that the plant to be establishP.d either in 
Kalaysia or Indonesia would be cOllllercially profitable. Tbe project bas to 
be strongly proaoted for AIJV. Tbe negative net present value for the 
Philippines case is attributable to the liaited doaestic aartet and to the 
fact that a larger portion of products (aore than 90 per cent) would have to 
be sold on foreign aartets. resulting in higher distribution costs (freight 
costs) than in the other two cases. 

Tbe decision on which country Malaysia or Indonesia presents aore advan
tages for the establishaent of production facilities could not be substantia
ted. It would be left to the private entrepreneurs' initiative to follow up 
this study with a aore detailed, full fledged feasibility study. 

Tbe fortbcoaing feasibility study should focus inter alia on: 

(1) Penetration possibility of DI pipes vis-a-vis AC. PVC, and spiral welded 
steel pipes; 

(2) Water pipe procurement specifications in each ASEAN country; 

(3) Substantiating sales forecast for each diameter in view of foreign aid 
availability as well as self-financing possibility; 

(4) Possibility of expansion of plant to cover aartet for larger diameter 
pipes upon reaching the full-production year, if the potential project 
proaoters so wish; 

(5) Ascertaining the interest of potential technology suppliers and defining 
specific technical cooperation scheaes in view of the fact that the 
technology would be aade available by a very liaited nuaber of DI pipes 
aanufacturers in industrialized countries. 
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II. BACKGROUND AJllD HISTORY OF THE PROJECT 

2.1 General outlook of ductile iron pipe 

Ductile iron spun pipe bas been iaported into lSEAH countries in substan
tial quantities since tbe aid 197o•s althou,b distributicn of these iaports 
is not evenly spreaa as seen froa the statistics in Table 2.1. Before that 
tiae aajor spun pipe aanuf acturers had aarteted grey iron spun pipe in the 
region. 

The change froa grey iron to ductile iron pipe in industrialized coun
tries was the natural consequence of research and successful developaent of 
Kagnesi~ and Ceriua (plus rare earths) inoculated cast iron in which the 
free carbon in the iron was speroidised instead of precipitating as graphite 
flakes. This .. new" aaterial offere~ several advantages over the conventional 
grey iron including strength and ductility characteristics coaparable to low 
alloy steel. In teras of spun iron pipe this aeant a thinner walled pipe ot 
higher strength which was not susceptible to crack during handling. l weight 
reduction of aore than one third offset the higher costs of aetal alloying 
and treataent. 

By the year 1975 the aajor aanufacturers in Japan, Europe and laerica 
had virtually phased out grey iron spun pipe and offered only ductile iron to 
tbe aarket. While aost of the lSEAJll countries have developed their own ~ipe 
aaking facilities using alternative aaterials to ductile iron ranging froa 
asbestos ceaent, PVC/PE, spiral welded steel, re-inforr.ed concrete and even 
grey iron spun aetal, tbe growth of ductile jron pipe iaport bas continued. 
ldaittedly, the increasing levels of ductile iron imports into lSElN 
countries are alaost certainly connected with favourable loan agreeaents 
particularly from Japan and the United Kingdom where pipe imports are a 
.. condition .. of the loan. Nevertheless, there appears to be a growing aware
ness of the technical and .. laid cost" advantages of ductile iron compared to 
asbestos ceaent and spiral welded steel pipe. 

The development of pot~ble water distribution systems bas a high priority 
in Governae&tal developaent plans in line with perceptions of population 
growth, increasing population density in major cities, urban sprawl and 
satellite townships adjoining larger connerbations. Indeed, the need for 
fresh water often outstrips ability to fund water distribution projects. 

2.2 ~nt usage of DI pipes in the ASEAJll region 

Table 2.1 below shows the level of iaports of ductile iron pipe into the 
ASEAI region. Indonesia, Kalaysia and Singapore appear to be the largest 
current aarkets for DI pipe. It is estiaated that since 1983 the total value 
of ductile pipe imports, at present day values, exceeds US$ 265 million and 
the 1988 value will exceed US$ 70 million. 
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Table 2.1 Ductile iron pipe iaports into lSEAR countries 
(aetric tonnes) 

1983 1984 1985 1986 1987 1988 
(projected) 

Malaysia 12,772 14,914 47, 777 14,628 32,926 60,0(10* 
Indonesia 9,801 2,522 9,694 15,198 15,353 15.~00 
Philippines 362 3 421 
Singapore 15,014 20,208 11,899 18,479 9,396 10,000 
Brunei 255 158 87 241 629 100 
Thailand 86 28 9 1,211 500 

Total 38,290 37,833 £9,878 48,555 59,561 85,600 

* lntab Biwater Project. 

1!2!£: The above figures are those combined from Japanese and United Kingdom 
export statistics and the Iaport Statistics of the Philippines, 
Indonesia and Malaysia and therefore can be considered as reasonably 
accurate. The figure given for the lntah Bivater Project in Malaysia 
aay extend into 1989 in teras of pipes installed. 

2.3 lIJV possibility of ductile iron plant 

The idea for a local (ASEAN) aanuf acture of ductile iron pipe was 
identified during the first phase of DP/RAS/85/010 and at its annual aeeting 
in October 1987, the Co11111ittee for Industry, Mining an~ Energy (COIME) endor
sed the undertaking of an opportunity study to investigate the financial and 
technical viability of a ductile iron pipe aanufacturing unit in the region. 
Two aeaber countries, Malaysia and the Philippines, were initially identified 
as possible proponent of such a project and later on, Indonesia also 
expressed interest in having its own production facilities. This study is 
therefore confined to those three countries. 

2.4 Kodality of field survey and report coapilation 

A teaa consisting of a technologist and a financial analyst visited the 
Philippines and Indonesia, for one weet each, to gather aartet, technical and 
financial data. The technologist proceeded alone to Malaysia to undertake a 
field survey. The report was coapiled by both experts in Vienna incorpora
ting all data gathered while on the field as well as those obtained f roa 
suppliers of aachinery and DI pipe aanufacturers. The financial analysis has 
been conducted by applying tbe UKIDO Coaputer Model for Feasibility Study 
Analysis and Reporting (COMflR). 
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III. llARKET AND PLANT CAPACITY 

3.1 Deaand forecast 

3.1.l Uncertain de•and 

Water pipe installation projects are being actively iapleaented in all 
ASEAJI countries. Major projects in capital and provincial aunicipalities in 
the three countries in question are aainly financed by external funding agen
cies such as the World Bant. Asian Developaent Bant (ADB), Japanese Financial 
Institution (OECF), and British Foreign Aide Agency. Future progress in 
iapleaenting water supply projects depends heavily on loan co .. itaents of the 
external funding agencies. The future water supply plan made by the local 
water supply agency and past iapleaentation sche•e funded by external resour
ces thus cannot be fully granted as a sound basis for de•and forecast. In 
addition, iaport statistics which show the iaported voluae of DI pipes largely 
cover those iaported throu~h foreign aid progra .. es. For the same above 
reason, these statistical figures do not fully constitute an analytical 
basis. 

Secondly, water supply pipes presently being laid in the three countries 
are aainly of asbestos ceaent, spiral welding steel, PVC, and DI. Each type 
of pipes bas its own technical characteristics. Their advantages and disad
vantages in terms of applicability in certain diaaeters and soil conditions 
may have to be carefully investigated. The investigation should also cover 
prices, laying costs, and durability in order to set up specific replaceaent 
rate of DI pipes vis-a-vis other types. In each country, however, different 
specification requireaents for water pipe installation and specification 
requirements are subject to change. For instance, asbestos cement pipes may 
be gradually replaced by soae other type of pipes in light of recent debates 
concerning their iapact on human health. Another disputable problem is cor
rosion caused by steel pipes which eventually lead to water leakage. The 
water authorities of each country determine specification requi_eaents and 
open the bidding accordingly. The tendency shows favorable policy changes to 
DI pipes in the future, but no guarantee has been given to secure the procu
reaent of DI pipes. Under these circumstances, it would be a difficult task 
to determine a concrete replacement ratio against asbestos and steel pipes. 

r.i.us the deaand for DI pipes depends on price and availability of foreign 
loans and procurement policy of water pipes. This constitutes an uncertain 
ground for deaand forecast. 

3.1.2 Market sea•entation 

Existing DI pipe manufacturers in tbe United lingdoa and Japan are 
continuously interested in supplying their products to lSEAN countries. The 
loan arrangeaents which OECF concluded with the Indonesian Government for 
instance cover wide range of DI pipe supply. However, the aain coverage is 
with rather large-diameter pipes, e.g. 1,100-1,200 aa. The project presently 
being covered by OECF in Jakarta is for pri•ary distribution system, not for 
secondary or tertiary. The project funded by the United Kingdom Government 
in Malaysia also heavily covers primary distribution. The question is whether 
or not to compete with these existing manufacturers of large diameter pipes. 

In order to adequately provide a capacity to produce ductile iron pipe 
from 100 mm to 1,200 mm, the plant would probably need five spinning machines 
(certainly four) and tbree finishing lines. The aelting shop would require a 
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capacity of 45-50 tonnes per hour and the land required would be aore than 
tripled. 

As a rough unstructured calculation, it is estiaated that such a plant 
would probably cost between US$ 85,000,000 and US$ 90,000,000. On this basis 
alone the plant would be too large to deal with none or little experience in 
spun pipe operating found in the region. A financial analysis exercise would 
show it to be profitable at full capacity but it would becoae very vulnerable 
if the aartet forecasts were not realized. 

The aajor disturbing factor in this scenario is the difficulty of an 
lSEiUI aanageaent teaa and wort force to absorb technology and run such a 
large unit with its aartet so widely dispersed. In this study it would be 
wrong not to point out the obvious drawbacks of large-scale production in 
spun pipes or indeed in any other product where their aartets are controlled 
by national econoaics, i.e. an ability to fund water pipeline systeas. 

With the above in aind, the proposed aartet segaentation bas been 
defined as follows: 

Product group 

A : 
B : 
c 
D 

Diaaeter 

100-150 .. 
200-250 .. 
300-350 .. 
400-450 .. 

3.1.3 Kethodology applied for aarket deaand forecast 

In the case of the Philippines and Indonesia, the past and present water 
supply projects in Manilla and Jakarta have been reviewed and the annual 
installation of linear kiloaeters of pipes in each city for the above four 
different diameter pipes have been confiraed as base figures. It is assuaed 
that the proportion of the four different groups of pipes will remain unchan
ged in other cities. 

In order to assess the total demand in the above two countries, a aulti
plier of four and ten has been applied in the Philippines and Indonesia res
pectively. In other words, the ultiaate deaand f~recast for DI pipe is 
derived froa the notion of replaceaent of other aaterials by DI pipes with a 
100 per cent ratio. In the case of Malaysia, actual asbestos pipe installa
tions in 1986 and 1987 have been obtained by averaging the figures into per 
annua and using this figure as potential yearly de&and for selected diameter 
water pipe in Kalaysia. In addition, soae replaceaents of iaported DI pipes 
are also taken into account. 

3.1.4 peaand forecast ip tbe PhiliRpipes 

The largest pipe users for water systeas in the Philippines have been 
identified as Manilla later Systea and Sewage Authority (llWSS) and the Local 
later Utilities ldainistration (LVUA). Both are Governaent agencies through 
which all public services projects are planned and executed. Projects for 
which funds have been allocated are put out to tenders and the registered 
contractors aate coapetitive bids against a specification of an installed 
pipe cost. All pipe aaterials, i.e. PVC/PE, asbestos ceaent, spiral welded 
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steel and DI. are considered equally acceptable irrespective of soil condi
tions. loading, corrosion resistance, etc. and thus the contract price 
appears to be the paraaount foctor in awarding a contract. 

Welded steel pipe thicknesses follow a USA Federal specification which 
allows a aucb thinner pipe wall than ISO standards would perait. For exaaple, 
a 500-aa diaaeter pipe wall thickness is 4.76 aa for llVSS projects while for 
LVUl the thickness specified is 2.66 ... l coaparable ductile iron pipe wall 
thickness to ISO/DIW/BSS specification would be between 8 and 10 aa according 
to its class. 

PVC/PE pipe specifications also follow United States federal standards 
which allow for lover (and cheaper) raw aaterial coaponents. PVC pipes have 
a aaxiaua teaperature requireaent of 23°C whereas for a tropical cliaate the 
teaperature ~tandard should exceed 32°C, according to ISO specifications. 

It is against this general background that DI pipe bas to coapete and it 
is the reason vhy locally aanufactured grey iron spun pipe has aade little or 
no iapression on th~ aartet. 

Bost of the lar~e-scale water supply projects in the Philippines are 
funded by foreign l~ans particularly by the Asian Developaent Bank. Project 
iapleaentation is therefore a direct function of the availability of foreign 
loans. 

Precise data on the use of pipe by diaaeter and length during the past 
five years and those pipeline projects planned for the next five years were 
not ••ailable to the opportunity study teaa. Froa the inforaation that was 
provided during discussions with llVSS and LVUA aanagers and planners and the 
Asian Developaent Bank, the distribution and pipe installation during the 
next five years will approxiaate 2,000 ta. 

The figure obtained by the opportunity study teaa shows that approxiaa
tely 93 ta of steel pipe have been installed in Manilla in 1987/88 (two 
years). The range of pipe vary fro& 50 am to 800 am as follows: 

Diaaeter 50-75 100-150 ~ 250 300 350 JOO 450 500 600 700 800 

Linear ta. 0.1 7.7 10.4 7.1 15.6 4 9 5.3 l0.4 7.5 8.2 11.9 

On the other band, PVC pipes of 50-150 aa were installed on a length of 
131 ta. It is considered that a 150-aa range is • possible DI pipe aarket 
segaent in tbe Philippines. Therefore, the foll. ing deaand forecast has 
been aade on the basis of the above-aentioned figures and applying a aulti
plier of 4 to estir:te the nation-wide deaand. These figures soaebov end·r~e 
tbe estiaation of a 2,000-ta water distribution systea to be installed in the 
next five years, excluding tbe aain transai11ion. 

Thus, the total forecasted deaand for DI pipes, assuaing that pipes with 
a 150-450 aa 4iaaeter will all be DI pipes, would reach 7,960 t/year. 



- 13 -

Table 3.1 Estiaated annual deaand for DI pipes 

Total estiaated 
Linear nation-wide deaand Wuaber of 
(b) (') (linear b) products Tonnage 

Below 100 u C5.5 40.6 182 
Product l (100-150) 23.9 21.3 96 15.936 1,896 
Product 8 (200-250) 8.75 7.8 34 5.644 1,247 
Product C (300-350) 9.8 8.7 39 6,474 2,279 
Product D (COO-C50) 7.15 6.4 29 C,814 2,489 
.lbo•e 500 u 16.75 15.1 68 

112.1 100 448 7,910 

3.1.5 Deaand forecast in Indonesia 

The aajor pipe-aating industries in Indonesia are: 

a. Asbestos Ceaent: P.T. Jaaes Hardy (aeaber of Bakrie Group) with 
technical tie-up with the Australian Hardie Group, 

b. PVC: Vavin (with Dutch technology tie-up), 

c. Steel: Kratatau Steel Coapany (a division of Pertaaina, National 
Oil llonopoly). 

The coapetition constraints and aartet forces are siailar to those of 
the Philippines but the aarket is auch larger. The iaported DI pipes are 
aostly linked to loans froa the Japanese Government. ls a consequence of 
using ductile iron pipe. the technical advantages and long life over AC pipes 
are appreciated by Indonesian water project planners and engineers. This 
iaplies that penet=ation of DI pipes is potentially higher than in the 
Philippines. 

The aain consuaers of water pipes are the Public Worts Departaent in 
Jakarta and PDAJI, and DII Jaya. In 1985 a Kaster Plan of the City of Jakarta 
was coapleted by the Japanese Tecbnical Assistance Agency (JICl) who proposed 
a long-tera and phased developaent prograaae to extend the water distribution 
networts in Jatarta. This prograue extends to the year 2005 and takes into 
account the growth of urban population and also the fact that at present the 
water distribution services barely cover 45 per cent of the Jakarta aetro
poli tan area. In water supply teras. this aeans an increase of the present 
capacity by 3.5 tiaes (10,600 litres/sec. to 36,300 litres/sec.). 

The authorities are also aware of high water lo•ses occurring in the 
existing pipe-work systea, in soae areas reaching 60 per cent. The Kaster 
Plan includes the replaceaent of degraded AC pipes and corroded steel pipes. 
The detailed pipe wort plans and future procureaent schedules under the 
Jakarta Kaster Plan were not fully available to the study teaa but it bas been 
estiaated that by 1995 soae C,500 k• of pipe will have been laid representing 
soae 630 additional kiloaetres per year. 
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This esti•ation is derived frOll the data on actual installation of half 
of the Pulgading area (one of the priaary areas in Jakarta) given by PAii. 
Pulgading consists of several zones and there are about 22~ different zones 
in Jakarta. Each zone will rehabilitate and expand approxiaately 20 ta in 
the next seven years. Based on this data. the estiaation of future dea1nd 
for Dr pi~s in Jakarta has been derived as follows: 

Diaaeter 

50 
75 

100 
150 
200 
250 
300 
400 

Table 3.2 Installation of secondary and tertiary pipe 
in half of the Pulgading area 

Linear ta Percentage 

22.5 29.5 
20.9 27.5 
9.9 13.1 
9.8 13 
4.9 6.5 
3.04 1.4 
2.8 3.7 
2 2.7 

76 

l 

J 

Linear ta per year 
for entire Jakarta 

441.6 

82 
41 
25.2 
23.3 
17.3 

630 ta. 

The National Plan for Vater Resources in Indonesia also includes projects 
for the Vest Java Province, Central Java, Surabaya and its surrounding town~, 
Bengtulu, Pontianak-Vest laliaanton and Banjaraas-South Kaliaanton with future 
iapleaentation dates varying from four to twelve years. Although it is not 
possible to accurately assess the DI pipe requireaents for these areas, 
deaand for water pipe as a whole would have to be treaendous, considering the 
size of the country. 

In order to roughly estiaate total deaand covering the entire country, 
however, the figure obtained for Jakarta projects bas been used as a basis 
and the aultiplier 5.45 was derived by coaparing the population presently 
served by the Jakarta water supply authority with others. In other words, 
the existing Jakarta water supply systea services 2.2 aillion people. 
lssuaing that all other aunicipalities (Kotaaadya) which are relatively 
highly populated areas also require rehabilitation and expansion as aucb as 
the Jatarta scheae, the sum of all tbe Kotaaadya population is approxiaately 
12 aillion. 

Another possible yardstick to estiaate nation-wide deaand would be the 
revenue to the water authority. 1989 statistics show DKI Jakarta and Jawa 
Barat together earned 39 billion Rupiahs. According to the water supply 
capacity of Jakarta (10,600 litres/second vs 71,800 litres/second for the two 
together), the main incoae of Jakarta is estiaated as 5.7 billion Rp. All 
other water supply establishaents in other provinces supplied water and earn 
111 billion Rp in 1986. lssuaing that other pro•inces/aunicipalities require 
soae rehabilitation and expanGion, the aultiplier would be 19.47. (111 
divided by 5.7) 
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The following table shows different leYels ~f ~eaand forecast. 

Table 3.3 Estiaated nationwide annual deaand for DI ~ 

Linear b Jlultiplier (5.45) Kultiplier (10) Jlultil'lier (19.41) 
of Jakarta 

Product per year b t b t b t 

A 82 447 9.275 820 19,738 1,597 !3,637 
B 66.2 360 13,543 662 23,470 1,289 48.358 
c 23.2 127 8,559 232 12,246 454 30,558 
D 17.3 94 8,192 173 ll.320 --111 29,369 

Total 188.7 1.029 39,569 1,887 68,774 ·3,677 141,462 

~I Conversion rate of (166 pieces per ta) X average weight of each diaaeter 
group. 

It seeas optiaistic to apply the aultiplier 19.47 in view of the external 
funds aade available so far by foreign aid prograaaes. There would not be 
drastic increase in the available funds to iapleaent 3,677 ta/year water 
supply projects. Therefore, the indicator of aultiplier S.45 appears aore 
realistic. It should be noted, however. that if the proposed plant is 
established in Indonesia, a good nuaber of water supply projects are to be 
iapleaented without foreign aid prograaaes. 

In view of expected increase in deaand due t> local production facilities 
of DI pipe, the aultiplier 10 was chosen to estiaate deaand. 

3.1.6 Deaand forecast in Malaysia 

Federal Jlalaysia is aade up of thirteen separate States which operate 
with a high degree of autonoay under the Federal uabrella. Each State aain
tains its own water supply systea. Developaent, renewal, and extension of 
water services are function of increasing water deaand brought about by 
increasing population density (urban), urban sprawl, population growth rate 
and aore iaportantly the State ability to budget for and fund new water pro
jects with help of the Federal Governaent. All water supply scheaes are sub
aitted to the Federal Vaterworts Departaent (Jll) in luala Luapur which acts 
as planner and adYiser to each State. The Federal Governaent operates on a 
five-year plan during which water projects are conceived, funded and iaple
aented during the life of the Plan, thus within the tiae interval the con
suaption of pipe reaches a high peat aaidst a aore aoclest requireaent 
overall. 

Local pipe suppliers include welded steel pipe producers, asbestos ceaent 
pipe-aaters. galvanised iron pipe aanufacturers and grey iron spun pipe 
aaters. PVC/PE pipe is not generally used in Malaysia - galvanised iron pipe 
being specified for saaller diaaeter requireaents in connexion with housing. 

The aartet for water pipe is currently being satisfied by iaported 
ductile iron pipe tied to foreign loan agreeaents and fro• tbe local aanuf ac
ture of AC and steel pipe. Iaported pipe tonnages are quite substantial and 
it is estiaated that tbe 1988 iaported quantity of DI pipe will be around 
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60.000 tonnes. aainly froa the United lingdoa under a loan agreeaent associa
ted with the Antab Biwater JV project. See Table 3.4 which deaonstrates the 
degree of DI pipe use in Balaysia and the growing confidence in its suitabi
lity as an alternative pipe aaterial particularly in replacing asbestos ceaent 
and saall diaaeter (100-250 .. , steel pipe. This fact is also substantiated 
by the progress of a local grey iron spun pipe aanuf acturer who bas found an 
increasing aartet for DI pipe in this size range. 

l further indication of tbe potential aartet for DI pipe in Balaysia is 
sbown in Table 3.5. This asswaes that tbe present rate of lC pipe consuaption 
will continue. In the light of current DI pipe usage. it is reasonable to 
estiaate that a penetration of the IC pipe aartet by a locally produced 
ductile iron pipe is certain to take place at a rate of at least 15 per cent 
in tbe first year of operation. :ising to 40 per cent by the fourth year. 
Specific deaand forecast to re~lace lC pipes in each product gro~p is shown 
in Table 3.6. 

Table 3.4 Total ductile iron 1i~ ia12rts into Bala1sia 
(aetric tonnes) !_/ 

Exporting country UU 198' 1985 1986 1987 1988 I?,/ 
(estiaated) 

Japan 7,663 9,694 43,350 6,032 1 1 

Percentage share 
of the aartet 60 65 90 41 nil nil 

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

United lingdoa and 
other countries 5,109 5,220 4,427 8,596 32,926 ~I 60,000 I?,/ 

Percentage share 
of the aartet 40 35 10 59 99.99 99.S9 

Total 12.772 14.914 47,777 14,628 32,926 ~/ 60,000 I?./ 

a/ Statistics froa Iaport Statistics of Governaent of llalaysia. 
~ 1988 estiaated froa lDtab liwater project data. 
£/ Statistic froa overseas Ezport Statistics of United lingdoa. 
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Table 3.5 Current usage of asbestos ceaent pipe in Kalaysia 

Federal Governaent 'Private contracts• 
contracts lousing developaents Annual average 

(1.1.86 to 31.12.87) etc. totals 
Diueter Qgantity {z 1000 aetresl 

(aa) Tendered Procured (:a: 1000 aetres) (:a: 1000 aetres) 

A 100 2.059 :a: 0.75 = 1.544 618 1.081 
150 1.9'!8 :a: 0.75 = 1.484 594 1.039 

B 200 1.208 :a: 0.70 = 846 211 529 
250 1.108 :a: 0.60 = 665 332 

c 300 143 x 0.60 = 86 43 
350 67 x 0.60 = 40 20 

D 400 133 x 0.50 = 67 34 
450 52 x 0.40 = 20 10 

Table 3.6 Possible replaceaent of AC pipes by DI pipes 

Expected AC 1st year 2nd year 3rd year 4th ~.!ar !!_/ 
Product!' installation (t) (t) (t) (t) 

(ta) 

l 2.120 6.281 8,376 12,564 16,751 
B 861 4.737 6.317 9,476 12,635 
c 63 552 736 1,104 1,472 
D __!! ---ill _lli 1.133 1.510 

3,088 12,136 16,184 24,277 32,368 

1/ Average weight for each group: 

166 l 0.119 {l) 
pieces x 0.221 (8) 
per ta x 0.352 (C) 

x 0.517 (D) 

)ti The expected replaceaent ratio in the lit, 2nd, 3rd, 4th are 
15 per cent, 20 per cent, 30 per cent and 40 per cent, respectively. 

In addition, replaceaent of steel pipes by DI pipes is foreseen to 
aaount to 7,500 t. in the first year, 10,600 t. in the 2nd year onwards. DI 
pipes iaported froa outside the ASEllf region will also be replaced. The 
total DI pipes iaported in the last six years (since 1983) is 183,017 t. 
•arying fro• 15,000 t/year (in 1984) to 60,000 t/year (in 1988). Thus tbe 
annual con1uaption of DI pipe would average 30,000 t., half of which would 
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fall into the proposed products groups A, B, c, D., i.e. approxiaately 
15,000 t. iaportecl DI pipes are potentially replaceable by the proposed plaht 
products. 

Asswaing the replaceaent of steel pipes and iaported DI pipes evenly 
distributed in the four different product groups, i.e. 5,625 t. for the first 
year for each product group, 6,250 t. in the 2nd year onward~ and this level 
of deaand continuing constantly throughout the project life of 15 years, the 
projected deaand for Jlalaysia would be as follows: 

Table 3.7 Projected deaand (tonnage) 

Product 1st 2nd 3rd Cth 5th 

.l 11,906 U,626 18,814 23,001 Ditto 
B 10,362 12,567 15,726 18,885 Ditto 
c 6,177 6,986 7,354 7,722 Ditto 
D 6,192 7,005 7,383 7,760 Ditto 

34,636 41,184 49,277 57,368 

3.1.7 Demand for DI pipe (150-450 aa) in ASEAll 

The individual aartets of Kalaysia, Indonesia and the Philippines have 
been described and analysed separately priaarily to establish the coapleteness 
of a hoae aartet. 

In teras of an ASElll joint-venture project, however, the ASEAN region 
including Singapore and Thailand should be viewed possibly as a single 
aarket • 

.ln estiaate o~ the individual country's de•and in the fourth year of 
production: 

Philippines: 
Indonesia 
Jlalaysia 

Total 

8,000 tonnes per year 
70,000 tonnes per year 
55.000 tonnes per year 

133,000 tonnes 

If iaports of ductile pipe in Singapore, Thailand and Brunei could be 
included (as seen in Table 2.1), then the auiaua size of the lSED aarket 
would be 140,000-150,000 tonnes for the proposed product aix. 

3.2 Plapt capacity 

3.2.1 Techpical determinants 

The data given in Table 3.8 and 3.9 show tbe capacity of a given pipe 
spinning aachine to produce a casting f roa 100 to 450 aa diaaeter at noraal 
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casting rates. Tbe following data. also shown in chapter VI. provide the 
basi' fnr plant c<oacity. 

a. l production shift is of 8-hour duration. 
b. The production weet is two shifts z 8 hours z 5 days. 
c. l production year is J,100 hours. This represents 237 working days 

with weekend and holidays shutdowns totalling 128 days per aanua. 
d. Shift working is deeaed to be froa lC p.a. to 6 a.a. and froa 6 a.a. 

to 2 p.a. 

For instan~e. the design capacity for 100-150 aa pipe is 85 pipes per 
hour and this higher figure is achievable. However. for practical purposes 
the eificiency of production is set at 85 per cent. Tbe outputs for larger 
diaaeters. bein~ a function of aetal pouring and solidification tiae is set 
soaewhat lower than the 85 per cent rate since the aachine is designed to 
operate in the 55-70 range. subject to aetal teaperature and efficiency of 
aould cooling. to be deterained in the design. 

Table J.8 Production data to deteraine plant capacity 

Spi11i19 11c•i1t 
lo. 1 101 150 2ao 250 JIO /,~ 

Spiui1g .... 
Ill 250 JOI 351 m t51 

101i11l pipes 
per •on 72 1l u 55 n u J4 JO 

l11ber of pipes 
/1etric tone lD. 75 6.19 5.2' J.9i l.U 2.59 2.12 1.71 

Prod1ctio1 rites 
l•ou i1 toues 6.7 10.C 12.1' ll.9 IC.95 1'.56 1'.0 16.13 

luHl toues 
NIH 01 l,COO 
prod1ctio1 •01r1 22, 772 36,176 Cl,3'9 Cl,113 50,130 5',217 St,530 57,3U 

111111 111ber of 
pipes 2CC,IDO 2'8,110 217,HO 117,110 159,HO lU,211 m.no 102,000 

lil•tres 
per IHll 1,US 1,US 1,310 1,126 tu 111 '96 '1C 
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Table 3.9 Plant capacity design data 

Pipe Pipe weight llaxiaua design Xoainal 
diueter in 6-aetre output per productiora 
in• lengths (kg) hour rates 

r 
100 93 85 72 

Ave. 119 
150 145 85 72 

200 190 75 64 
Ive. 221 

250 252 70 55 

300 318 60 47 
Ive. 352 

350 385 55 43 

400 472 45 34 
Ave. 517 

450 561 38 30 

X.B. Pipe weights vary aarginally froa one supplier to another due to 
differences in the socket profile. The weights given above are for 
a class 19 pi'e push-in type joint. 

3.2.2 Barket detelainants 

The aarket forecast in llalaysia indicates a demand pattern predominantly 
in the saall- to aediua-diaaeter pipes, i.e. 100 to 300 aa diaaeters. On the 
other band, the deaand pattern in Indonesia and the Philippines shifts 
slightly to larger diueters due to strong coapetition with PVC pipes. Since 
it is not possible to precisely forecast what diaaeters will be required in 
the fortheoaing project lifetiae, it is estiaated that the product aix will 
follow this trend, both on the doaestie and export aartets : 

100 - 150 aa • CO per cent 
200 - 250 aa ~ 30 per cent 
300 - 350 aa • 20 per cent 
COO - CSO aa • 10 per cent. 

This product aix is applied for all three eases irrespective of production 
facilities. 

3.2.3 Suaqested aaxiaua plant capacity 

The proposed two spinning aachines would produce 82,800 tonnes with the 
suggested product aix of 40, 30, 20 and 10 per cent for product groups A, ~ 
C, and D respectively. The proportioned tonnage for each product group wo~-~ 
be 33,120 t., 24,840 t., 16,560 t., and 8,280 t. As indicated in Table 3.8, 
if 100 .. pipe production rate increases there will be a need to aake three 
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shifts to aeet the production of 33.120 t. At this stage of tbe opportunity 
study, however, no particular provision for a third shift has been aade since 
it appears aor~ litely to produce greater portion of 150 aa pipe than 100 aa 
in view of the stronger coapetition with PVC in Indonesia. 

This plant capacity enables the proposed plant to absorb approxiaately 
60 per cent of the ASEAlf deaand. Although the total sales value depends on 
established aarteting strategies (e.g. pricing and sales agent arrangeaents. 
etc.). this figure of 60 per cent is not unrealistic. 

3.3 Sales forecast and production proqraaae 

3.3.1 Ketbodoloqy applied and general outlook 

The sales forecast has been aade for three countries since the produc
tion facility is located in one of the countries but at this ~.tage it is 
undecided. The basic notion behind this sales forecast is to stia the doaes
tic aartet as auch as possible and to distribute the reaaining portion to the 
participating joint-venture partn~r countries. The total sales forecast at 
full production capacity will be 82,800 t/year. 

The sales projection in the Philippines is based on the replaceaent of 
steel and PVC froa the start-up of production by 50 per cent. It is hoped 
that the water supply authorities (llVSS and LUVA) will aodify their specifi
cation requireae~ts in the near future so as to facilitate a better coapet
itive ground for DI pipes. If the situation remains unchanged, there will be 
no significant sales anticipated in the Philippines. All products will have 
to be sold in other ASEAI countries. 

The Indonesian sales are to be achieved by penetrating the DI pipe 
aartet which is supported aainly by foreign aided water supply projects. The 
penetration ratio vis-a-vis estimated demand applied in this study is 50 per 
cent. This ratio could be brought up to an even higher percentage. It is 
aainly because the proposed plant will not produce large diaaeter pipes in 
tbe foreseeable future and will not coapete with Japanese OECF financing 
projects which mainly cover priaary transaission lines. 

Since the deaand analysis in Indonesia is finalized without ascertaining 
external funding possibilities, applying this 50 per cent instead of any 
higher penetration ratio would be •ore reasonable to be on the safe side. 
The reaaining products will be sold in other neighbouring lSEAI countries 
such as Malaysia and Singapore. 

The sales forecast in Kalaysia is based on the penetration of AC pipes 
and DI pipes. Gradual penetration ratio such as 15 per cent, 20 per cent. 
30 per cent and CO per cent in the first, second. third and f~urth year 
respectively. bas already been given to AC pipes replaceaent a~d used as the 
base of deaand forecast. This ratio was recoaaended by a potential ~~oject 
pro•oter in Kalaysia. Since the deaand forecast derived froa re,laceaent of 
AC and steel pipes represents the expected sales of the proposed OI pip~s as 
substitute, the estimated voluae of AC and steel pipe P'netration reaain~ 
unchanged for sales forecast. Replacement of imported D!. pipes is uncertain. 
It aigbt be realistic to estimate 50 per cent of the iaported D1 pipes will 
be replaced by the proposed locally aade DI pipes, i.&. 7,500 t/year. 
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The entire sales voluae for all three cases will coincide with 100 per 
cent production capacity. i.e. 82,800 t. in the fourth year. It will 
gradually incre~se with a capacity of 30 per cent. SO per cent. 75 per cent 
and 100 per cent. 

3.3.2 Projected sales value and production proqraaae 

The following table shows the sales forecast in tonnage and corresponding 
production prograaaes for the three countries. It becoaes obvious that the 
Philippines' local aartet is to~ saall and aore than 90 per cent of its pro
ducts are to be ezported to other lSElll countries. On the other hand, 
Kalaysia's plant could distribute 60 per cent of its production to the doaes
c aartet and Indonesia's plant 42 per cent to the doaestic aartet. The 
foreign aartets have not been clearly identified other than for these three 
countries. However. other countries such as Singapore and Brunai could be 
other potential aartets to absorb the export products. 

Table 3.10 Philippines 

Product First year Second year Third year Fourth year 
Group Kix Export Domestic Export Doaestic Ex02rt Doaestic Ex22rt Doaestic 

(llT) (llT) (KT) (KT) 

A 40 8,038 1,898 U,662 1,898 22,942 1,898 31,222 1,898 
B 30 6,780 672 11, 748 672 17,958 672 24.168 672 
c 20 4,177 791 7,489 791 11,629 791 15,769 791 
D 10 1.890 --2!! 3,546 --2!! S.616 _ill. 7,686 --2!! 

20,885 3,955 37.445 3,955 58.145 3,955 78,845 3,955 

Total 24.840 41,400 62,100 82,800 

Note: Exports will be targeted to Indonesia and/or Malaysia depending on 
distribution and joint-venture arrangements. 
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Table 3.11 Indonesia 

Product First year Second year Third year Fourth year 
Group Rix Export Doaestic Export Doaestic Export Doaestic Exl!ort Doaestic 

(llT) (llT) (llT) (llT) 

l 40 nil 6,955 (6,692~' 9,868 (U,972,~' 9,868 23,252 9,868 
5,(12 U,522 

B 30 nil 8,446 684 11,736 6,894 11, 736 13,104 11, 736 

c 20 nil 4,471 (2.157)!_1 6,123 6 297 6,123 10,437 6,123 
897 

D 10 nil 4,968 nil 6,660 nil 6,660 1.620 6,660 

24,800 7,013 34,387 27,713 ?4,387 48,413 34,387 

Total 24,800 41,400 62,100 82,800 

!I 1!.I The figures in brackets add up to show 40 per cent of total production 
for product A and 20 per cent of total production for product C. Since pro
duct D in doaestic aartet already exceeds the proportion of 10 per cent and 
for the intention of aaintaining as auch as possible the original production 
aix proportion, the figures are adjusted by reducing 1,260 t froa 6,692 t and 
2,157 t. 
~ For the saae above reason. this figure has been adjusted by subtracting 
450 t froa 14,972 t. 

Table 3.12 llala:tsia 

Product First year Second year Third year Fourth year 
Group Rix Export Domestic Export Domestic Export Doaestic Export Domestic 

(llT) (llT) (llT) (JIT) 

l co nil 9,936 2,819 12,751 7,901 16,939 11,994 21,126 
(3,809)~ 

8 30 nil 7,452 1,728 10,692 4,779 13,851 7,830 17,010 

c 20 nil C,968 3,169 5,111 6,941 5.479 10,713 5,847 

D 10 nil 2,UC ---1ll! 5.130 702 5.508 2,395 5,885 

24,840 7,716 33,684 20,323 u, 777 32,932 49,868 

Total 24,840 41,COO 62,100 82,800 

II The figure in brackets added by 12,751 corresponds to CO per cent of the 
total production. Since product D in doaestic aartet already exceeds the 
proportion of 10 per cent and for the intention of aaintaining as aucb 11 
po11ible the original production aix, the figure bas been adjusted by 
reducing 980 t froa 3,809 t. 
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3.4 Marketing strategy 

3.4.1 Distribution 

Unlike Europe&n countries where pipe aanuf acturers have their own sales 
force it is coaaon practice in Asia to eaploy agents to carry out the 
function of selling. Since this arrangeaent worts very well it would be the 
accepted practice for locally produced DI pipe. 

All products will be aarteted by an appointed sales agent in each country 
participating to AIJV. The sales coaaission including handling charges is 
assuaed approxiaately at 15 per cent of ex-factory price. This aeans that 
the proposed product will have to coapete with other products in the saae 
aartet with 15 per cent higher price. 

3.4.2 Sales price 

Selling prices for DI pipe will be determined by local costs of aanuf ac
ture, selling prices of alternative pipe aaterial and the CIF prices of' 
iaported DI pipe. Specific coaparative prices are shown in the following 
table 3.13. 

Table 3.13 Price coaparisons between pipes of different aaterials 
(US dollars) 

Market price per piece~' 
of 300 mm diameter pipe Malaysia Indonesia Philippines 

PVC/PE (200 IUll diameter) 
Asbestos cement 19~ 

Spiral welded steel 220 
l~ported ductile iron 290~/ 

ASEAN - proposed DI pipe (300u)~' 219 
ASEAN - proposed DI pipe (200u)~ 131 

~ Per piece aeans one 6-aetre long pipe. 
1/ CIF fro• the United lingdoa 

150 
241~' 
219 
131 

hf CIF fro• Japan, (approxi•ately US$ 50 per piece for freight and 
insurance). 

114 
63 

102 

219 
131 

~ For the case that the selling price of US$ 690/KT includes 15 per cent 
of the agent's co .. ission and handling charges. 

!/ 200 am DI pipe for comparison with PVC pipe. 

The strategy to be adopted must identify the benefits of using DI pipe, 
i.e. long life, less water loss. corrosion resistance etc. Since water 
losses in existing systeas can be as high as 60 per cent, the savings to be 
aade in terms of reduction in wasted water and the vast increase in revenue 
from the sale of wat~r thus retained should prove to be a aajor factor in 
selling DI pipe against AC pipe and thin-wall unprotscted steel pipe. Bearing 
this in mind, USS 600/ton bas been set up: for the domestic products, sales 
ex-factory price of US$ 600 plus US$ 90 coaaission; for the export products 
sales, US$ 600/t CIF plus US$ 90/t coaaission. Thus the selling price would 
be consistent for both domestic and export markets. 
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This price will enable the proposed products to coapete with aajor 
Japanese coapetors for DI pipe products in Indonesia. Also this price aay be 
coapetitive enough with AC pipes in Balaysia. taking into account the durabi
lity of DI pipe. Since the DI pipe installed in Balaysia are procured at 
auch higher price. the sales price in Malaysia could be reasonably shifted 
upwards. 

3.4.3 Freiaht cost 

Tbe local costs of transportation have not been considered in this study 
because the site and location are not deterained (handling cbarjes are inclu
ded in tbe sales co.aission. i.e. 15 per cent of ex-factory price). On the 
other hand. a provision bas been aade for exporting pipe at tbe rate of USS 36 
per tonne as cost of freight. between Malaysia and Indonesia. USS 72.00 are 
applied for tbe freight cost froa Banilla to other lSElll countries. 

Tbe following table gives approxiaate freight costs between countries. 
although specific rates for spun pipe have not been established. For finan
cial analysis purposes, this freight cost is treated as non-labor aarteting 
cost (variable cost). Therefore, aore operational costs are incurred for the 
export products. 

Table 3.14 Approxiaate costs of freight between ASElR countries 

us~ 
Origin and d~stination •* JIT 

Kanilla. Philippines to Jakarta, Indonesia 98 113 
Jakarta, Indonesia to Manilla, Philippines 102 102 
Manilla, Philippines to Port llang, Malaysia 35 40 
Port Klang, Malaysia to Manilla, Philippines 55 55 
Manilla, Philippines to Penang, Malaysia 70 77 
Penang. Malaysia to Manilla, Philippi~es 53 68 
Port Klang, Malaysia to Jakarta, Indonesia n.a. 36 
Jakarta, Indonesia to Port Klang, Malaysia n.a. 36 



IV. lllTERllL lllPOTS 

4.1 Basic feedstock aaterials 

The basic feedstock for ductile iron production is aild steel scrap or 
its equivalent in bot briquetted iron or sponge iron by direct reduction 
processes. ror tbe purpose of this study the choice of basic feedstock has 
been aade on tbe following purchasing factors: 

a. Pricing structure coapared to alternative aaterials 
b. Betallurgical suitability for electric induction aelting. i.e. bulk 

density. ireedoa froa entrained slag, etc. 
c. Baterial low in sulphur and other traap eleaents which inhibit 

nodularisation of graphite in the ductile iron aelting and 
treataent process 

d. l stable and consistent supply of feedstock. 

Preliainary investigations within the scope of this study have revealed 
a current lack of availability for both hot briquetted iron (RBI) and direct 
reduction sponge iron DRI in the region. The Direct Reduction Process plant 
at Perjawa - Penang. Balaysia is not operational due to severe design iaple
aentation difficulties which are unlikely to be solved in the foreseeable 
future. In respect of the RBI plant at Labuan, Sabah, one hundred per cent 
of its capacity is being sold for export at prices consistently well above 
iaported steel scrap pri~es. It is understood that this pricing policy is 
related to continuing financial losses incurred at full output. 

Trials carried out by one coapany in Kuala Luapur using RBI as feedstock 
for induction •elting of ductile iron for sand castings revealed a substantial 
loss in aelting efficiency (10 per cent aore kVb/tonne), a lover aelting rate 
for a given furnace and a build up of furnace slag coupled with furnace lining 
erosion. These trials also shoved that the sulphur content of the RBI 
aaterial used was higher than that of steel scrap resulting in higher inocu
lation costs. 

It should be explained that when aagnesiua is added to aolten feedstock 
suitably carburised and alloyed, the •agnesiu• will preferentially coabine 
with sulphur to fora aagnesiua sulphide. Only when all the sulphur is 
coabined will the reaaining free aagnesiua influence the carbon content in 
the aelt. If the sulphur is higher, then the aaount of aagnesiua to be added 
is greater resulting in higher cost. The ideal feedstock should contain less 
than 0.05 per cent of sulphur. 

The above factors, of doubtful supply, higher price coapared to iaported 
steel scrap, lover aelt efficiency, coabine to discard the• froa further 
consideration as feedstocks and therefore iaported steel scrap is reco .. en
ded. It should also be noted that all three countries expressing an interest 
in this project do not have an abundance of locally generated scrap and the 
additional consuaption of 80-90,000 tonnes, for exaaple in the Philippines if 
the plant was sited there, would de-stabilise scrap prices to the detriment 
of 150 foundries operating there. It is understood that the Philippines do 
not iaport large quantities of scrap. 

The scrap problea is not so critical in Indonesia and Malaysia where 
large steel-aaking plants already iaport steel scrap and its effect on local 
rcrap prices is already established. 
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4.2 Alloys 

Additions of alloy to aolten feedstock aainly include carbon and ferro 
silicon with aagnesiua and granular fF.rro silicon for graphite spheroidising 
treataent. Alternative nodular-foraing alloys of ceriua and rare earths aay 
well be used in a production plant if supplies are readily available in the 
lSElll region. The ceriua addition does not have the violent reaction of 
aagnesiua with aolten iron and differences in costs of treataent are likely 
to be aarginal. For the purpose of this study, aagnesiua is chosen for the 
treataent aethodology. 

The list of aaterial input for ductile iron pipe production and finishing 
is given below together with relative price coaparisons between countries. 
The prices shown represent the best reliable inforaation available at the 
tiae of the opportunity study. 

4.3 Indirect aaterials 

The aaterials used to produce a ceaent aortar-lined pipe are included in 
the list. Soae of these aaterials have alternatives, for exaaple bituaen 
used for external coating aay be a proprietary tar oil or an epoxi resin tar 
aixture. Also the tera acid lining is a silica quartz aaterial using as a 
raaaed furnace lining aaterial but aluaina or aagnesite linings aay be recoa
aended by the furnace supplier. 

The itea calciua silicide is used in conjunction with powdered ferro
silicon and fine grade silica sand as a dry refractory aould coat in the pipe 
spinning process. Vhere appropriate all the iteas are included in the 
description of plant technology in chapter V (Project engineering). 

4.4 Production consuaables and coaparative prices 

Production consuaables Cost in local currency and equivalent US$ 
(in aetric tonnes) Philippines Indonesia llalaJ:sia 

except where stated F US$ RP US$ 11$ US$ 

Steel scrap 2,000 105 240,000 135 280 107 
Ferro silicon 75\ 22,000 1,056 1,750,000 1,000 3,500 1,315 
Ferro aanganese 16,500 790 960,000 542 2,000 751 
Ferro aagnesiua 43,000 2,062 4,500,000 2,540 8,000 3,100 
Calciua silicide 47,000 2,250 4,177,000 2,360 5,000 2,000 
Carburiser 30,000 1,'40 1,200,000 678 1,200 '" Clay 3,000 144 220,000 125 1,200 467 
Coal dust 8,500 410 240,000 135 1,300 505 
Silica sand 6,000 288 50,000 28 130 50 
Core binder 25,000 1,200 2,112,000 1,200 3,000 1,200 
Coagulant 12,550 602 1,130,000 639 1,600 622 
Zinc 25,000 1,200 2,124,000 1,210 3,000 1,200 
Bituaen 12,000 595 1,100,000 600 1,516 590 
Ceaent 1,250 60 94,000 53 155 60 
Acid lining n.a. 950,000 536 1,200 ,66 
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The indirect consuaables include safety clothing. gloYes. laboratory 
expendables. cutting and grinding tools. stencils and aarting paints. toilet 
and ablution requireaents. aachinery lubricants and hydraulic oil. etc. 

Baterial costs per tonne in USS 
Equi•alent based on 82.800 tonnes per annua 

Direct aaterials 
Indirect and ancillary aaterials 

4.5 Energy (electricity) 

Philippines 

215 
32 

Indonesia 

211 
33 

Balaysia 

190 
40 

An electrical power input of 18 Begawatts is required to aelt 34 tonnes 
of aetal per hour and to proYide the ancillary power for the finishing lines. 
The induction aelters need a ainiaua of 15 Kegawatts at 75 per cent furnace 
efficiency depending on the choice of furnace design and the nuaber of 
aelting units selected. The power consuaption per tonne of aetal aelted is 
estiaated at 360-400 llb. For efficient operation the lower figure can be 
expected. This study does not consider the savings which aigbt be aade fro• 
high aelting since this is a aatter for negotiation when and where the plant 
is installed. 

Kost or all finishing processes aay require a Yariing electrical deaand 
depending on the choice of equipaent. This study bas looked at the use of 
hydraulics rather than electrical transaission and is iapressed by the lack 
of noise and efficient use of this fora of energy. The capital costs there
fore aake provision for a hydraulic ring aa1n systea and a series of puaps 
operating at 100 bar pressures. It is estiaated that the power consuaption 
for pipe aaking and finishing will be in the region of 100 lVb per tonne 
including noraal lighting and office air-conditioning. 

Energy costs 

The annual costs (US$) for electrical power are: 

Philippines 

3,187,800 
unit cost 0.077 

4.6 Utility 

4.6.1 Vater 

Indonesia 

1,656,000 
0.04 

Kalaysia 

2.484,000 
0.06 

The requireaent for both deaineralized water and captive raw water is 
initially quite substantial. The electric furnace coils are water cooled 
using deaineralized water which is puaped under pressure froa an underground 
water tank through tbe furnace coil to a vertical cooling tower and returned 
by gravity to the tank. The spinning aachines will use raw water for aould 
cooling and again the water will be puaped from a reservoir to feed the water 
spray aecbanisa finally to be collected and passed through a cooling tower 
and returned to the reservoir. 
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Rav water is also required for ceaent aortar lining and this vill be 
supplied frOll an overhead tant. The water residue frOll the lining process 
•ill be discarded along with ceaent effluent into a settling and evaporation 
pond. 

The price of water varies with the country and this is reflected in the 
annual costs as shown in US dollars. 

Annual cost 
Cost per l,000a3 
Cost per tonne of pipe 

,.6.2 Fuel oil 

Philippines 

1,0,250 
136 

1.694 

Indonesia 

116,530 
113 

1.,10 

Balaysia 

165,000 
160 

1.993 

The proposed heat treataent furnaces required to produce a ferritic 
aatrix in the pipe wall can be either electric or oil-fired by design. It is 
reco .. ended that for practical purposes oil should be the chosen energy 
source. Vbether heavy oil or gas oil is used depends on availability 
wherever the plant is located. Gas oil is to be preferred since extra costs 
are offset by better handling, burner control and less effluent problea. 
It is estiaated that the cost of finished pip~ will be USS 3.5 per tonne. 
For the purpose of financial analysis this figure is treated as entirely 
variable but in fact there is a fixed cost eleaent because the furnaces are 
not coapletely shut off during production dovn tiae. The annual costs at 
full capacity vill therefore be USS 289,800. 

4.6.3 Laboratory 

The requisites for a coaputer controlled analytical laboratory include 
aetallurgical saaple standards, cuttinq and polishing consuaables, stationary. 
bottled gases. etc. It is not possible to deteraine the actual costs at this 
stage but a provision of USS 1.5 per tonne has been aade. 

The annual costs at full capacity are estiaated at USS 124,000. 

'·1 Raw aaterial sourcing 

Vith the exception of silica sand, ceaent and fuel oil, all aaterials 
listed aay be considered as direct or indirect foreign iaports. In all three 
countries there are agents or foundry service suppliers of ferro alloys, core 
binders, refr1ctories, etc. Pricing is alaost certain to be a function of 
quantities reGularly ordered. 

Sourcing of suitable aild steel scrap would noraally be through a scrap 
aerchant or agent and no doubt an annual requireaent of aore than 50,000 t. 
would attract botb quality and service against the specific needs of the 
plant. The balance of feedstock beld at tbe plant will depend on the re
order levels, the tiae to deliver and the supplier's ability to stock and 
handle scrap. At the plant start-up it is estiaated that at least three to 
four aont.ns consuaption of steel scrap should be delivered, i.e. 10,000 t., 
but the stockyard would need to be large enough to handle at least 30,000 t. 
Tbe difference between plant consuaption and stocking capacity is because not 
all the scrap delivered will be usable de~pite stringent specifications. If 
scrap arrives by ship-loads it will be iapossible to inspect every tonne 
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delivered. hence there aust be provision for sorting scrap. discarding and 
re-selling unsuitable aateria!. 

Tbe supply cf alloys and other expensive iteas vill require secure and 
dry storage facilities. The supplying agency should be expected to keep 
stocks of such aaterial against a call-off schedule to ainiaize plant 
inventory costs or offer sufficient price discount to cover ~uch costs. 

The study has not looted into sourcing of fuel oil for the heat treat
aent furnaces. since lite petroleua it is likely to be obtaieed either 
through a governaent agency or oil coapany. Stocking fuel oil would have to 
aeet local regulations and by-laws and the level of reserves at the plant 
should be at least one-aonth consuaption. 

4.8 Effluent disposal 

In the aanufacture of ductile iron pipe there are specific process 
operations which cause effluent gasses and liquids which have to be control
led. 

a. Ketallurgical fuel froa the aelting and aagnesiua treataent of 
ductile iron. 

b. Products of combustion of fuel oil fro• the heat treataent furnaces. 
c. Zinc particles and solvent vapours arising froa hot spray coating of 

spun pipe. 
d. Ceaent aortar residues froa the pipe lining process. 
e. Core sand residues containing resins and isocyanates. 

Kuch of the effluent is controlled through the design equipaent and 
therefore initial capital expenditure but provision has been aade for a 
factory overhead cost of USS 42,000 for disposal costs. i.e. USS 0.50 per 
tonne. Further explanation is given where appropriate in chapter VI (Project 
engineering). 
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V. LOCATION llfD SITE 

S.1 Location of plant 

The opportunity study bas not considered the relevance of site location 
in teras of preference or profitability although froa a JIV standpoint a 
preference aay be obvious. However. in order to aaxiaize the success of a 
ductile iron pipe plant. consideration aust be given to: 

a. A ainiaua boae aarket deaand for ductile iron pipe to sustain production 
levels above break-even point throughout the life of the project. 

b. The relative distances froa the aarket as a function of freight/trans
portation costs (reference in table 5.1). 

c. Facilities and infrastructure for couunications and transportation. 
both for pipe deliveries and for raw aaterial procureaent. 

d. Ready availability of electrical power and rav water. 

e. A suitable source of aanpover which is capable of being trained to 
accept the required level of technology. 

These factors are but a fe~ of the aany considerations to be taken into 
account in deteraining where the plant should be sited and, not the least. 
boae deaand and a stable. trained labour force. 

5.2 Cost of land 

The precise cost of land required for a ductile iron pipe plant cannot 
be deterained without knowing the actual location and site. The conditions 
of the land. its surrounding environaent. infrastructure and provision of 
services are all factors which deteraine the price to be paid. This study 
assuaes the purchase of the freehold rather than renting or leasing land. 
although further investigations aay shov that it is econoaically justified to 
rent a particular site. 

It has been estiaated that a spun plant of the indicated capacity would 
require a aini•ua area of 25,000 a2 and it would be safe to have access to 
adjoining land (which aay be rented) in the event of overstock of finished 
pipes for a particular order. 

5.3 Typical costs of land and factory-type buildinas 

Tbe following table shows the relative costs in equivalent US dollars of 
land and buildings in Malaysia. Indonesia and the Philippines. 
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Tabl~ 5.1 Relative costs of land and buildings 
(USS) 

llalaysia Indonesia 

Basic cost of land in sq. aetres 40 56 

Average cost of factory type 
buildings 80 136 

Relative cost of a site area of 
25.000 aZ 1.000.000 1.400.000 

Relatively cost of factory 
buildings and off ices~' s.000.000 1.000.000 

Philippines 

48 

112 

1.200.000 

6,000.000 

~I An additional 10 per cent of building costs is to be added to account for 
foundations and civil engineering. 
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VI. PROJECT EllGISEERING 

6.1 Introduction to technology 

The aanufacture of ductile iron spun pipe is generally actnovledged to 
be a specialized operation which is auch aore difficult than an uninforaed 
spectator aight suspect. The process is highly technical. deaanding 
engineering. aetallurgical and foundry stills that aay not be readily 
available in lSElll countries. These stills will have to be both taught and 
learnt and the cost of technology transfer vill be considerable. 

ID this proposal the general level of autoaation is geared to the need 
for repetitive quality assurance in a high voluae production eovirooaent. 
precisely coordinating the varic~s cycles of aachinery in each operation and 
aatching aetal supply with pipe spinning and all subsequent finishing 
processes. 

The so-called world best practice for spun pipe production is calculated 
at about S aan/hour per tonne. The plant concepts in this study aia at 
producing pipes with a aanpover ratio of approxiaately 10 hours per tonne. 

6.2 Pipe product range 

In order to avoid UDDecessary coaplications, this opportunity study 
assuaes that all pipe production will be of the "push-in" type of socket 
joint. However, should the project be coapleted, custoaers will ask for and 
require a proportionate quantity of bolted gland and even double-flanged 
pipes. l spun pipe plant without adjoining sand foundry could not aeet these 
requireaents except in cooperation with a local foundry to produce gland 
rings and flanges. This also applies to pipe fittings in general unless it 
is always the the contractor's responsibility to procure thea. 

The push-in type joint requires a gasket aade froa ethylene propylene 
rubber. For siaplicity it is assuaed that the cost of the gasket is part of 
the laid cost of the pipe. The plant aay have to stock glands for a given 
order but purchase price and handling costs would be passed directly to the 
contractor and not fora part of spun pipe aanufacturing cost. 

6.3 Pipe size by diaaeter and length 

The aartet for spun iron pipe ranges froa 80 to 1,SOO aa in diaaeter and 
it would require a very large integrated aanufacturiog unit to aeet every 
requireaeot. The aarket liaitations in which a new DI plant could be suc
cessful and essentially profitable is deteraioed by the aarket survey, at 
100-450 aa diaaeter. 

The length of pipes is deterained by current international standards, 
between 5.6 aetres (British 18 feet) and 6 aetres. Japanese suppliers off er 
4-aetre, 5-aetre and 6-aetre pipes with up to 150-aa diaaeter, and 6-aetre 
pipes for diaaeters above 200 aa. 

The pipe length deteraines the aould length, the spinning aachine diaen
sions and the speed of aetal pouring by second. 

It is proposed to standardize the length at 6 aetres and to aeet deaand 
for shorter-lengths with cut-off pipes. 
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6.5 Production data and process technology 

The following data provides t 
levels outputs and unit costs. 

asis for design capacity. aanning 

1. A shift is understood to be of 8-hour duration. 

2. The production veet is two shifts x 5 days. 

3. A production year is 3.400 hours. This represents 237 working days at 
88 per cent utilisation. Holidays and weekend shut-downs total 128 days 
per year. 

4. A continuous two-shift operation is deemed to be 10 pa - 6 aa and 6 am -
2 pa. This allows for aacbine changes and aaintenance at the end of the 
second shift during daylight hours. Vith a two-spinning aachine plant 
it is desirable to progra .. e a ainiaua 16-hour run on any particular 
pipe aould to avoid down tiae during production hours. 

6.6 Plant liaitations 

(1) Vhen the order boot requires a particular pipe diaaeter pattern of 
production, i.e. where the largest orders are for the saallest diaaeter, 
the nU11ber of pipes produced per hour is at the highest but tonnage 
output is at its lowest. For this reason it is desirable to blend pipe 
diameters to aaxiaize income from sales and to have stable cost stan
dards for production purposes. If pipes are to be aade for stock in 
order to meet production needs. executive decisions will have to be made 
to deteraine benefits of excess pipe production against costs of stocking 
unsold pipe. This is of particular iaportance where wages are geared to 
output and where the work force is seen to be 'held back' at one period 
and then expected to work overtime the next period. 

(2) A two-machine plant bas certain limitations par~icularly where the demand 
forecast is promoting small diameter range but still requires larger 
diameter pipes (as can be seen from the plant capacity chart in chapter 
III). A reaedy is to provide a third spinning aachine to be used as an 
auxiliary unit and feeding its output into the existing finishing lines 
at an additional capital cost of USS 1.75 aillion. There is, however, a 
danger of using the aachine all the tiae and causing aetal starvation to 
the other machines. The effect would be a lowered plant utilisation and 
efficiency. so that a lover rate of pipe production becoaes the norm. 

It should ~erbaps be eaphasized that the product aix A. B. C, and D 
given in the aarket forecast (Chapter III) actually includes eight dif
ferent pipe diameters. If for example all pipes in product A were 
required to be 100 .. and not an average of 100 to 150 aa, the aaxiaum 
output from one s~inning aachine would be 22,780 tonnes at 3,400 produc
tion hours and not 29,000 tonnes. If the pricing policy fixes the 
revenue in terms of price per tonne, then there will be a considerable 
shortfall if the average output in tonnes for each category is not 
realized. Alternatively, if the aarket favours larger diameter and 
therefore heavier pipes, within each category, then the tonnage output 
will be substantially higher and so will the revenue. In both examples, 
the nuaber of pipes reaains the saae. 
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In the situation of under capacity it would perhaps be aore econoaical 
to extend the working shift. For exaaple. 2 x 10 shifts would provi~e 
an additional 866 aachine-hours or 5,800 extra tonnes of 100 aa diaaeter 
pipe. Since the plant is desiqned to produce pipe in the 100-150 ar 
diaaeter range. at a rate of 85 pipes per hour. at any given point in 
tiae this rate aay be reached and even sustained for noticeable periods. 
This additional output is a 'bonus' but if this represents only 5 per 
cent of total tiae. the annual output would be increased by 44.000 pipes. 
A two-aachine spinning plant is therefore recoaaended in this study. 

6.7 Process technology 

Process quality control 

The concept of repetitious quality control is eabodied in the plant 
design. Ketallurgical control of scrap input, aelting. super-beating and 
alloy treataent of the base iron for ductile production is of utaost iapor
tance. This control calls for rapid analysis and autoaatic eleaent adjust
aent to the aetal being aelted or treated. Quality control which starts at 
the scrap stockyard is a aonitoring activity which covers every operation of 
the production process up to dispatch. Within the broad estiaates of plant 
and equipaent costs. provision bas been aade for equipaent to control quality 
aspects and provide co11J11unications between process stations. 

6.8 Metal melting 

Steel scrap, of suitable quality and size, is fed into an automatic 
trickle charger by aeans of a aanned overhead crane fitted with a aagnet. 
The trickle charger equipaent aoves on rails to feed each of the furnaces as 
required. 

Alternative methods of melting scrap and holding molten iron, have been 
considered in a relative fashion including Direct Arc furnace melting, and 
the use of a channel type induction holding furnace. After discussions with 
furnace suppliers, the noise and gaseous effluent from arc furnaces and a 
possibility of setting up electrical harmonics in the grid supply were seen 
as sufficient reason to select electric coreless induction aelters for this 
study. Because molten aetal requirements can vary between 21 tonnes per hour 
and 34 tonnes per hour, holding large quantities of iron in a channel type 
holding furnace for long periods is seen as unreasonable. Vhat is needed is 
a flexible aelting capacity and this can be acco~plished by employing a 
series (4 or 6) of induction aelters to aeet the varying needs of production. 
Each aelter also acts as a holding furnace during aetal discharge and treat
aent. This option gives a variable aetal supply froa 6 tonnes per hour up to 
34 tonnes per hour. 

The aelters will be equipped with back slagging arrangements, push-out 
linings, fuae extraction and strain gauge weighing facilities. Provision 
is also aade for automatic element adjustment controlled from the laboratory. 

6.9 Metal treatment 

The super heated iron f roa induction furnaces is poured into a treatment 
ladle held in a transporter cradle. The transporter then moves into a treat
aent station where magnesium is plunged into the metal. The effects of the 
violent reaction are controlled by a lid sealed to the ladle and fume 
extraction to reaove the gaseous effluent. After inoculation of iron, ferro-
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silicon is then added to provide the nucleation for nodular graphite prec1p1-
tation. The treated aetal is then transported by crane to the spinning 
aachines aLd poured into the aachine quadrant hoppers. 

6.10 Spinning aachine cycle 

The aaxiaua pipe production cycle is to be designed at 85 pipes per 
aacbine/bour for 100 aa diaaeter pipe. i.e. one casting every 43 seconds. 
Vitb an efficiency of 85 per cent this aeans one pipe every 50 seconds. This 
rate of production is to be accoaplisbed by ensuring that the various 
functions. of tilting the quadrant hop~er and delivering the aetal streaa to 
the rotating water cooled aould. loading the socket core and locking it into 
the aould, regulating the mould speed and extracting the pipe, aust all be 
accoaplisbed outside the tiae allocated to filling the aould and for pipe 
solidification - all within 43 seconds. The speed of aould filling, aetal 
teaperature and efficiency of aould cooling are therefore critical. 

Unlike grey iron pipe which is thicker walled and reaains 1n a seai
solid and low strength state for a longer period. thin walled ductile iron 
bas considerable hot strength just below the solidus temperature (aetal 
freezing point). Because its contraction rate is higher than that of grey 
iron, ductile iron pipe can be withdrawn froa the aould alaost i .. ediately. 
provided that the pipe is supported along its entire length and siaultaneously 
rotated to prevent collapse. This is carried out by aeans of a rotating pipe 
extractor which aatches the reduced speed of the spinning •achine (10 rpa). 

Vhen the pipe is withdrawn from the aould a new core is automatically 
loaded into the machine whilst it is rotating and the core backing plate is 
locked into position by pressure clamps. The m~uld then returns to its 
casting speed. 

6.11 Core aakinq 

Every pipe produced requires a core to form the socket profile. The 
core must be able to withstand the exerte~ aetal pressures and the method of 
handling and loading into the mould. It is proposed to have two core 
sections, one for each spinning machine. The core-making process is of bot 
box resin type and each section has , 100 cores/hour capacity. Cores are fed 
to a buffer stock area and then loadei onto a conveyor which in turn feeds 
the spinning machine core loader. 

6.12 Kould filling 

The aagnesium treated aetal is poured into the aacbine quadr~nt bopper 
which is aounted on a aotorised chassis to which is attached a fall chute and 
a canti-levered double trough pouring device. The quadrant bopper is capable 
of pouring several pipes, depending on the diaaeter/weight ratio. Refilling 
the hopper is a aatter of topping up f roa the treataent ladle at intervals 
coinciding with the tiaes for aetal treataent. This topping up operation 
ainiaizes the effect of magnesium fade by dilution in residual metal in the 
bopper. 

Whilst the core is being placed in the socket end of the mould, the 
casting trough is aoved through the spigot end so that the trough alaost 
reaches the core. At this point, the metal is already being poured down the 
trough and the aould speed increased to accept the aolten stream. The 
co .. enceaent of bopper tiltino and metal enterino the trough is accurately 
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controlled and sequenced to present the aetal at the socket end of the aould 
precisely and without time loss. Withdrawal of the casting trough is also 
controlled so that the socket is filled (almost) and then the trough is with
drawn up the length of the aould. delivering aetal to the mould wall in a 
closed spiral fashion. The centrifugal forces generated by the aould rota
tion bold the aolten aetal to the aould wall until solidification takes 
place. The core profile at one end and a spigot end ring plate at the other 
contain the longitudinal flow of aetal and with the voluae of aetal delivered. 
deteraines the wall thickness. 

As soon as the aetal is poured. solidification takes place due to beat 
extraction through the aould wall. This is a function of •ould wall thickness 
and the efficiency of the water cooling aethod. The diaaeter of the cast 
pipe contracts (solid contraction) away from the mould wall which allows the 
pipe to be withdrawn by pipe extractor. To ensure that the •etal does not 
stick to the •ould wall a refractory powde~ mixture of FeSi and calcium 
silicide in a silica sand carrier is applied to the mould wall just ahead of 
the aetal stream by means of a spiral tube applicator fitted under the 
casting trough. 

6.13 Heat treatment 

The rapid cooling rate of the cast pipe causes the metal aatrix to 
contain pearlite and some skin ceaentite with dispersed graphite nodules. 
Tbe aatrix is brittle in character and the beat treatment process is neces
sary to produce a ferritic matrix with intecspersed nodules of graphite 
throughout. The heat treatment at temperatures up to 1.320°C. the beat, 
soaking and cooling times can be readily determined but the furnace dimen
sions are function of the rate of pipe through-put and diaaeter range. 
Whilst the pipe is 'pushed' through the furnace by aeans of arms on the chain 
driv~. it must also be rotated to maintain its concentricity and straight
ness. Banana shaped pipes can foul up the furnace. 

Vhile loading the furnace it is important to occupy every arm space to 
maximize through-put and prevent a back-log ot pires. The furnace arms are 
adjustable for varying pipe diameters. The method of pipe rotation within 
the furnace is achieved by means of metal plates acting as furnace floor upon 
which a thin layer of sand is sprinkled. The friction caused by sand forces 
the pipe to roll as it is pushed through the furnace, provided the pipe is 
reasonably straight. 

This study proposes an oil-fired installation with ceramic tile insula
tion and a design rating of SS pipes per ho~r through-put. Since pipe aaking 
and pipe finishing operations are different activities, it is neceRsary to 
have escape gantries between spinning machines and the beat treataent furnaces 
to avoid bottlenecks. This applies also to other finishing sections further 
along the line. 

6.14 Pipe cleani...ru1. 

After the pipe leaves the heat treatment furnace a rapid dry scrub 
cleaning operation takes place to prepare the aetal for subsequent zinc 
coating. This operation also allows for pipe inspectinn and a check on the 
results of heat treataent by using eddie current probes to deteraine the 
matrix condition. If the pipe needs further heat treatment (as sometimes 
occurs) it is taken out of tbe line via the escape gantry and recycled 
through the furnace at an appropriate time. 
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6.15 Zinc coating 

Applying aetallic zinc to galvanize the outer surface of the pipe is a 
aore recent development accepted and practised all over the world. Zinc 
coating resists the effects of corrosive soil conditions and overcoaes the 
problems arising from localized daaage to bitumen or epoxi-resin type 
coatings during pipe laying operations. 

There are basically two methods of zinc application: by applying zinc 
powder as a polyaer paint or by hot spraying of pure zinc onto the pipe wall. 
Both aetbods require a vara pipe to ensure complete coverage and to avoid 
moisture entrapaent. Applying 2inc is a potentially serious health hazard 
and therefore deaands special fume extraction and control procedures. Zinc 
paint and solvent vapours can occur in explosive concentrations when aixed 
with extraction air. Siailar conditions can arise with zinc particles in air. 
The hot spray aethod is to be reco .. ended as easiest to control and as the 
most durable coating. It achieves a very intimate contact with the parent 
metal and cannot readily be removed even by reheating treatment. 

6.16 Machining 

The push-in type of pipe joint requires a machined spigot end and a 
machined socket lip. Both operations are carried out simultaneously as each 
pipe is presented to the machining station. Automatic tool control and tool 
change devices are to be employed together with NC dimensional checking. The 
iron turnings arising from the operation are magnetically removed and dis
charged into a container. to return to the melting shop. After machining, 
the spigot end is coated with zi~c paint. 

6.17 Hydraulic testing 

Every pipe is to be hydraulically tested to ensure its soundness. The 
pipe is presented to the test machine which accurately simulates a laid pipe 
condition. The pipe is rapidly filled with water and pressurized to 
40-50 bar. Visual inspection and scanning techniques are used to detect 
leaking pipes. After the test, water is drained from the pipe and the pipe 
is then warmed up in preparation for cement mortar lining. 

6.18 Cement mortar lining 

Applying aortar to a pipe can be carried out by several different 
aethods. The study recoaaends the Tate Bridge aethod in view of the high 
through-put required. A 2:1 ratio sand cement mix is batch milled with water 
to form a slurry which is then fed by gravity into a positive displacement 
puap and forced through flexible hoses to the delivery head positioned inside 
the pipe. The rotating head delivers mortar through 360° as the aechanism is 
traversed through the entire pipe length. The cement surface can then be 
saoothed by a aechanical trowel or aore simply by spinning the pipe. The 
pipe ends are then capped to maintain an atmosphere inside the pipe and speed 
curing. Rapid hardening additives may also be used advantageously. 

6.19 Bitumen coating 

After a suitable cure period, the pipe can be handled and all its sur
faces can be coated with a quick drying epoxi-butiaen paint. 
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6.20 Pipe stacking and handling 

At the end of each finishing line the pipes are loaded int~ stacking 
jigs. each layer of pipes being separated by wooden battens. Each parcel of 
pipe weighs a maxiaum of 3 tonnes and is taped to prevent pipe aovement. The 
spaces between pipe layers allow the fork-lift truck to handle the load 
without daaaging the pipe coating. Each parcel of pipes can be directly 
loaded onto transport vehicles or stocked to await despatch. 

6.21 Centrifugally cast pipes 
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K 9 
NClUINAl TNO<NESS OUTSIDE NOMINAl. LAYING MASS(kg) 

DIAMETER DIAMETER D p LENGTH 
CEMENT MORTAR 

ON T I DE l AJN LINING 
80 5.0 4 911 149 11 I 4000 52.5 9.9 

100 6.1 4 118 114 81 4000 &S.5 12.3 
100 6.1 4 118 174 8? fiOOO 9S.5- 184 
1SO 6.3 4 170 229 90 5000 122 230 
ISO 6.3 4 170 229 90 6000 14S 28.0 

200 6.4 4 222 2e4 'Oi5 5000 165 31.0 
200 6.4 4 222 2"' 105 6000 196 37.0 
2SO 6.8 4 274 33; 110 5000 211 385 
2SO 6.8 4 274 337 110 fiOOO 2S7 46.5 
300 72 6 3£-S 389 115 fiOOO 322 830 

350 7.7 6 378 454 130 fiOOO 403 97.0 
400 8.1 6 429 505 130 6000 480 110 
4SO 8.6 6 480 ~ 130 6000 571 124 
500 90 6 !1.12 612 135 fiOOO 663 138 
600 9.9 6 635 717 140 fiOOO 171 165 

600 9.9 6 635 717 140 9000 1282 248 
700 10.8 8 738 83i 155 6000 1113 256 
700 10.8 8 738 831 15!; 9000 1635 385 
800 11.7 8 842 937 160 6000 1376 293 
800 11.7 8 842 937 160 9000 2021 440 

900 12.6 8 945 1042 175 6000 1665 330 
900 12.6 8 945 1042 175 9000 2446 495 

1000 135 10 1048 1155 1115 6000 t988 457 
1000 13.5 10 1048 1155 185 9000 2916 686 
1100 14.4 10 1152 1261 200 6000 2340 soc 
1100 14.4 10 1152 1261 200 9000 34211 755 
1200 15.3 10 1255 1366 215 6000 2715 549 
1200 15.3 10 1255 1366 215 90W 3976 824 
1400 17.1 12 146:' 1585 245 6000 3569 769 
1400 17.1 12 1462 1585 245 9000 5211 1153 

1500 18.0 12 1565 1694 260 6000 4025 824 
1500 18.0 12 1565 1694 260 9000 5875 1235 
1600 18.9 IS 1668 1801 275 6000 4532 1096 
1600 18.9 15 1668 1801 275 9000 6603 1644 
1800 207 15 1875 2016 305 6000 5615 1234 
2000 22.5 15 208.l 2231 335 5000 5791 1143 

6.23 Technology sourcing 

Manufacturing ductile iron spun pipe is generally acknowledged to be a 
highly specialized business involving large capital investaent and strong 
engineering bias to the foundry casting process. 

Most aajor aanuf acturers of spun pipe have been in business for many 
decades and have developed their own plant. equipment and production techni
ques based on the original Delavaud Process. Whilst there have been an app1-
rent autual cooperation and exchange of know-how between existing manufactu
rers. it is by no means certain that such understanding will be offered to a 
future competitor. 

Tbe ASEAlf region is already identified as a major market for export of. 
ductile spun pipe and rather than loose this market altogether, certain pipe 
aanufacturers aay wish to be involved in an ASEAN pipe project as a result of 
this or any other study. Such interested parties aay be either Japanese, 
British or French. 
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Should the ASEAN joint-venture sponsors wish to do it alone, there are a 
few coapanies in the United Kingdoa, Europe and the USA who have acquired 
expertise and possess capacity to design. build and install a spun pipe 
plant. Additional transfer of technology, if necessary, can be carried out 
by consultant engineers. 

In anticipation of considerable cooperation between the future operating 
staff of the plant and the equipaent supplier resulting in a transfer of 
technology at every stage of the project design and developaent, a pre
production cost of USS 1.62 aillion bas been estiaated for training, drawing 
office fees and legal fees associated with drawing up the contract. 

6.24 Technology transfer costs 

The capital sua of USS 1.620,000 has been set aside to cover technology 
transfer. This is divided in three parts: 

a. Training abroad of local team 

b. Costs incurred by contractor in supplying 
the initial process technology and design 
concepts, detailed plant layouts, aanuals 
for plant operation and corticoil path 
planning. The sum allocated covers travel 
costs to and fro• the custoaers' factory 

c. Engineering and consultancy fees, contra~t 

fees and legal fees. registration fees and 
capital issue expenses, etc. 

6.25 Estimated plant and equipment costs 

1. Stockyard cranes and gantries. scrap chargers. 
electric induction furnaces plus 3 x 5 Megawatt 
power packs - ' or 6 furnaces to give 34 tonnes/h 
at 75 per cent efficiency, water cooling tank and 
tower 

2. Two pipe spinning aacbines, extractors. aachine 
hoppers, core loaders, core-aating aachines, 
gantries, aonorail cranes, water cooling tanks and 
puaps 

3. Beat 'Creataent furnaces (tvo) gantries, finishing 
lines and stockyard fort lifts and aobile cranes 

4. Water treataent and effluent control and disposal 
dust and fume extraction and noise control 

5. Laboratory and quality control equipment 

6. Office fittings, furniture, ablutions, changinc 
room, showers, etc. 

120,000 

1,000,000 

500.000 

4,600,000 

6,500,000 

9,S00,000 

1,100,000 

800,000 

,00,000 



- 43-

7. Electrical sub-station. transforaers, etc. Puaps 
coapressors, distribution boards, wiring, etc. 

Sub-tot.J.l 

8. Price escalation and contingency allowance 

TOTAL 

3,500,000 

26.400,000 

2.640,000 

29,040,000 



- H -

VII. ORGDillTIOllL snUCTUIE DD OVERHEAD COSTS 

7.1 The aanageaent and organizational structure of a ductile iron spun plant 
is shown in Table 7.1. The structure differs froa those of aajor pipe aanu
facturers in that technical and drawing office facilities are not provided 
and no provision is being aade for technical services to custoaers except 
through the technical aanager position. 

Table 7.1 Organizational structure 

IBoard of Directors! 
i I 

Director and General ------------- Jlartetinq and sales 
Jlanager agency 

l I 
Technical Plant Jlaintenance Accountant 
llanager llanager Manager Office 

I 
llanager 

Purchasing I Officer llaintenance 
Engineers ldainistration 

and costs 
Quality 

Controllers 

•ight 
llanager 

boratoryl 

I I l I 
Foreaen Foreaen Foreaen Foreaen 
aelting pipe spinning finishing despatch 

shop shop shop departaent 

The factory product sales function is entirely seated in a aarteting 
agency. This agency is responsible for obtaining orders. offering technical 
service to custoaers. providing proaotional and publicity brochures and for 
generally operating a sales office. The sales coaaission is sufficiently 
uprated to accoaaodate these functions. 

The aarteting agency operates at the General Manager's level but 
obviously both plant and technical aanageaent have liaison contacts with 
sales. The purpose of slia line organizational S\ructure is to concentrate 
all activities on production. 
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7.2 Overhead costs 

a. Factory overheads These costs relate to aaintenance and spare parts. 
effluent disposal and factory insurances. 

b. Adainistrative overhead~ These costs reflect expenditures on 
adainistrative labour. aanageaent and office operating functions 
involving coaputers. 

7.2.1 Factory overheads 

Maintenance and spare parts 

The maintenance provision of USS 500.000 is to tate into account the 
degradation of plant and equipaent in a aoiten aetal casting environaent. 

The spare parts provision of USS 250,000 is aainly to replace pipe 
aoulds and aaintain pipe aould stocks. In any given year vben full capacity 
has been reached, this aia aay not be suff1c1ent to sustain a aould replace
aent prograaae and special additional expenditure aay have to be aade. This 
will be particularly relevant if the !ype of pipe joint is changed to bolted 
gland. for instance. and this decision involves expenditure for both aoulds 
and core boxes. 

7.2.2 Effluent disposal 

The costs are incurred by disposing of metallic slags, rubbish. sand, 
ceaent, filtered dust, etc. An estiaate of USS 0.5 per tonne = USS 41.400 
bas been included in the financial analysis. 

7.2.3 factory insurance 

Provision bas been aade to cover plant and equipment insurance and also 
for building insurance. Annual insurance premiums have been calculated at 
USS 72,600 and USS 7,500 respectively. 

7.2.4 Adainistrative overheads 

Adainistrative labour 

These labour costs relate specifically to providing the functions of 
clerical services, accounts, purchasing and aedical staff. 

Malaysia Indonesia Philippines 

US$ 30,500 USS lS,300 US$ 12,096 

7.2.5 Kanaqeaent 

The costs of six-line aanagers includinq general •anager as set out in 
the aanpover requireaent chart is given below. 

Malaysia Indonesia Philippines 

USS lOS,000 USS 17,760 USS 23,040 
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Coabined aanageaent and adainistrative labour total: 

Balaysia Indonesia Philippines 

USS 135.500 USS ll.060 USS 35.136 

7.2.6 Adainistrative non-iabour overhead 

This provision reflects costs involved in coaputer production control. 
stationary, coaaunications. etc. and also in providing aedical services to 
the factory. 

USS 207.000. 

7.2.7 Marketing non-labour 

To coapute costs. soae value for entertaining custoaers and travel costs 
relating to custoaer liaisons. not included in that eleaent called "sales 
coaaission". aust be estiaated. In a consuaer-oriented industry this cost is 
very high but for a pipe plant 1 per cent of sales or USS 0.50 a1llion is 
perhaps sufficient as a budget. The sales co .. ission to be paid to an agent 
is not reflected in the plant aanufactur1n9 costs. 
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VIII. IWIPOVER 

8.1 Kanpover planning 

The lists of plant personnel. supervision. adainistration and aanageaent 
are tabled in this chapter. Out of a total of 199 persons. approxiaately 70 
are in the stilled category including plant supervisers. It is to these 
people that special training prograaaes have to be directed. Their involve
aent during the installation and co .. issionin9 stages should be recognized 
and a pre-production cost bas been included in the financial analysis. 

8.2 Labour cost 

A suaaary of labour costs is given below: 

Factory labour including 
s~if t preaiuas and 
overtime 

Office adainistrative 
labour and aanageaent 

Total cost 

Kalaysia 

808,124 

135, 500 

948,624 

Annual costs {USS) 

Indonesia 

393.752 

33,060 

426,712 

Philippines 

321.559 

35,136 

355.655 

It should be noted, where applicable. that no provision bas been included 
in this study for eaployaent liability insurance, health insurance. or 
pension and that these are not reflected in production costs. It should also 
be noted that wages and salaries are typical but do not necessarily reflect 
the actual costs of spun-pipe plant employees. The specialized nature of the 
work and in-depth training given to individuals may reflect higher incomes 
than local wage noras. 

8.3 Tvpical aanpover costs in local currenc:t 
and USS equivalent per aan/aonth 

Phili22ines Indonesia Mala:tsia 
Local USS Local USS Local USS 

Unskilled l,SOO 10 100,000 60 4SO 17S 
Semi-skilled 2,000 96 200,000 114 650 2SO 
stilled 3,000 144 350,000 197 8So 330 
Jiece-worker 3,000 144 350,000 197 sso 330 
Supervisory 2,SOO 120 250,000 150 1,200 466 
Technical 6,000 288 400,000 228 3,500 1,360 
Managerial 6,000 288 400,000 228 3,SOO l,360 
General Manager 10,000 '80 600,000 340 5,000 l,9SO 

lote: The above figures were obtained from local foundry-related business 
executives and are assumed to be currently prevailing and reasonably average 
aanpover costs. 
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8.4 Manning levels at full production 

Job description Sinqle shift 

Scrap yard and aaterials handling 4 
Furnace operation 6 
letal treataent 3 
Metal distribution 2 
Crane drivers 1 
Pipe spinninq 4 
Core-aaking 6 
Pipe transfer 2 
Beat treataent 2 
Pipe clean 2 
Line inspectors 2 
Zinc coating 2 
Machining 4 
Pipe transfer 2 
Cement mortar lining 6 
Bitumen coat 4 
Stockyard and general labourers 10 
Transport drivers 4 
Electro-mechanical maintenance 9 
Laboratory 5 
Effluent disposal 2 
Plant supervision 6 
Office adainistration 4 
Cost department 2 

Medical centre l 

Plant management and senior engineers 3 
Senior managers 6 

Second shift 

4 
6 
3 
2 
1 
4 
6 
2 
2 
2 
2 
2 
4 
2 
6 
4 

10 
4 
9 plus 9 
5 

6 

1 

1 

Total 

8 
12 

6 
4 
2 
8 

12 
4 
4 
4 
4 
4 
8 
4 

12 
8 

20 
8 

27 
10 

2 
12 
4 
2 

2 

4 
6 

Total 201 

Mote: Maintenance teams will be working in three shifts. General Manager 
included as Senior Manager. Other Directors not included. 
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8.5 "anpover requireaent and relative labour costs (USS> 

Factory labour 

Plant supervision 
Skilled production workers 
Seai-skilled prod. workers 
Unskilled production workers 

Skilled aaintenance workers 
Laboratory technicians 
General labours 
Crane drivers and transport 

Off ice administration 

Clerks and typists 
Cost clerks 
Medical staff 
Purchasing officer 

Management 

General manager 
Plant manager 
Technical manager 
Maintenance manager 
Accountant and office mgr. 
Night manager 

- 12 
- 20 
- 60 
- 36 

- 27 
- 10 

8 
- 8 

........ . 
- I 
- I . 
- I 

=J 

4 
2 
2 
1 

Malaysia 

67,104 
79,200 

180,000 
75,600 

106.920 
39.600 
16.800 
24.000 

12,000 
6.000 
8.000 
4.500 

105,000 

724, 724 

Night shift premiums 160.000 

Overtime allowance 58,900 

Totals 948,624 

8.6 Expatriate labour 

Annual costs 

Indonesia 

21,600 
47.280 
82,080 
25,920 

63,828 
23,640 
5.760 

10.944 

5,472 
2.736 
4.728 
2.364 

17,760 

314,012 

84,700 

28,000 

426, 712 

Philippines 

17,280 
34.560 
69.120 
30,240 

46,656 
17.280 
6, 720 
9.216 

4,608 
2,304 
3,456 
1, 728 

23,040 

265,208 

67,967 

22,480 

355,655 

Using foreign personnel during the pre-production phase and the first 
two years of plant operation is essential for a smooth and adequate transfer 
of technology and oper~tional know-how. It is exp~cted that the right 
calibre of personnel will be recruited by the plant supplier/contractor or by 
a specialized consultancy firm. These expatriates will in effect be respon
sible for operating the plant during the first tvo years vith national coun
terpart staff progressively taking over those responsibilities. Consolida
tion of technology transfer also depends on tbe nature of contractual 
contractor's obligations, i.e. where the project is on a turn-key basis or 
whether an existing foreign pipe manufacturer is to be invited to finan~ially 
participate in the project. 
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Expatriate aanageaent and supervision vill effectively operate the plant 
for tvo years after the start-up date vith national counterpart staff pro
gressively assuming responsibilities and functions for efficient handover. 

The estimated costs {US$) of expatriate labour are su11111arized below and 
given in aore detail in chapter V. 

Pre-production phase Production phase 
Year 1 Year 2 Year 3 Year 4 

Foreign experts 82,500 247,000 304,000 304,000 

8.7 Training costs 

Tvo eleaents of training have been included in this study: 

a. Training abroad 
b. In-plant training 

Trainina abroad 

The study proposes an expenditure of USS 120.000 ~' to train twelve 
engineers/managers in a foreign spun plant environment and at the contracting 
engineers factory where specific trainers will be involved ~ith machine 
building. For exaaple, the electrical engineer will build the furnace wiring 
installations. 

The Maintenance Manager will spend 12 months with the contractor to be 
fully acquainted with the design features of the plant and equipment. It has 
been aentioned that there is no aaintenance cover by expatriates. This is 
purely to ensure a continuity in maintenance throughout. The Maintenance 
Manager will be supported by the Project Manager whose counterpart will be at 
the General Manager level. 

In-plant training 

This function will be carried out by the expGtriate team both by "in
house" lectures and instruction and by on-the-job training. The exchange of 
technology and plant control features will be the responsibility of the 
contractor through the Project Manager. 

!/ The costs of training are included in t~e USS 1,620,000 funds allocated 
for technology transfer, drawing office and design manual compilation, 
iapleaentation schedulin~ etc. 
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IX. IllPLEllEJITATION SCBEnULING 

9.1 The tiae to iapleaent a spun-pipe plant in the ASEAN region will depend 
on several factors, but principally on: 

a. where the factory is to be sited and 
b. whether or not there will be an equity involvement with an existing pipe 

aanufacturer. 

It seeas reasonable to assuae that, should a foreign pipe aanufacturer 
be involved in this venture, the engineering know-bow, technical drawings 
etc. will already be available. Should the plant design be conceptually new, 
however, the initial stages of developaent will take appreciably longer. 

The design tiae will be greater in those plant areas where specialized 
equipaent is not readily available. For example, spinning aachines, water 
cooling, core loading and pipe extraction. However, electric furnace design 
and layouts are aore coaaon place and can therefore be readily iLcorporated. 

9.2 Tapleaentation phase 

This study assuaes a 24-aonth pre-production period for design, procure
aent, installation and coaaissioning and because of direct involveaent of 
local aanageaent throughout, there will be no delays in plant approval etc. 

The "effective date" of the contract, when detailed wort coaaences, will 
follow that period as the design concepts have been agreed by all parties. 

The consulting contractor will incur costs alaost from the tiae of his 
initial invoiveaent. An irrevocable letter of credit facility may be 
required by him at the outset. If the contractor is in fact an existing pipe 
aanufacturer, then his costs may form part of foreign equity holdings in the 
coapany. 

The study has not included a time scale for choosing the location and 
site and for arranging for finances and loans by project sponsors. This 
period could take many months and any costs involved are outside the scope of 
this IP.port. 



9.J Ductile iron spun pipe plant - Implementation schedul~ 
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9.4 Cost estiaates for project iapleaentation 

A. Pre-production costs (USS) 

Plant aanaqeaent teaa 

a. Rational Project Manager l 
to be General Manager 

b. Plant Managers 

c. Engineers (electro/aechanical) I 

d. Maintenance Manager 

~ Plant Supervisors 

I 
f. Accountant Office Manager I 

_J 

!alavs1a 

399.952 

Indonesia Philippines 

174,SOO 146,390 

This team will be progressively recruited at the coaaenceaent of year l 
to aatch the arrival of expatriate experts. The Project Manager supplied by 
the consultancy or contractor will participate in the selection process of a 
national team. 

Expatriate expert team 

Project Manager 
Plant Manager 
Technical Manager 
Plant Supervisors 

I 
I . 
I 
I 
~ 

Malaysia Indonesia Philippines 

330,000 330,000 330,000 

The expatriate team will arrive after the eight aonths of coaaenceaent 
of iapleaentation. The above figure of USS 330,000 includes salaries, local 
costs and travel. 

9.5 Pre-aarketinq 

Since this study assuaes that marketing and sales functions are to be 
entirely the responsibility of a contracted agent (who aay also be an equity 
shareholder>. the initial costs of advertising have been split between the 
agent and the factory on a 60/40 basis of USS 50,000. 

The factory cost is therefore USS 20,000. 

9.6 Inventory Cost 

The total inventory costs are given below. Inventory is made up of 
three elements: 

a. Steel scrap as aain feedstock totalling an initial stock of 8,280 t. 
This represents a 4-aonth stock for an output of 24,840 tonnes in the 
first year of production. 
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This initial stock is required at start-up so that the stockyard can be 
operated with efficiency and unsuitabie scrap sorted out for re-sale. 

Cost of aain aaterial: 
scrap etc. 

Kalaysu 

1.070,000 

Foreign - USS 

Indonesia Pbilipoines 

1.245.800 1,281.680 

b. Ketallurgical alloys. core binders. sand. ceaent. bitumen. paints. 
stencils. packing aaterials. fuel oil and deaineralized water. 

Local - USS 

Malaysia Indonesia Philippines 

iu.ooo 204.930 198.720 

c. Pipe aould stocks. There are eight pipe sizes for the product mix 
presented in the chapter on aarketin~ in tn1s study, and two pipe 
spinning aachines. It is estiaated that an initial stock of 18 moulds 
is required at a cost ot 

Foreign - USS 

l!alavsu Indonesia Philinoines 

882,600 882.600 882,600 

Replacement of moulds after productiou start-up is accounted for in the 
spare parts provision of USS 250.000 per annum in production costs. 
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X. FINAllCIAL AllALYSIS 

!0.1 Basic analysis 

The financial analysis bas been carried out using the UNIDO Coaputer 
Koclel for Feasibility Analysis and Reporting (COKF.lR) and the results of this 
analysis are given in Annexes II to VI of this report. 

10.1.1 Currency and exchange rate 

Philippines Indonesia nalaysia 

P 21 = USS 1 Rp 1770 = USS 1 KS 2.58 = USS 1 

10.1.2 Proiect life tiae 

The project is evaluated over a period of 17 years, the first 2 year~ 
being the pre-production period followed by 15 years of production. 

10.1.3 Depreciation 

The saae depreciation aethod is applied to all three countries, i.e. 
straight line for all iteas: 40 years for building; 15 years for aacbinery 
and equipaent with no salvage value: other incorporated fixed assets for 
10 years. 

10.1.4 Corporate tax 

Forty per cent of corporate (incoae) tax is applied for Malaysia and the 
Philippines and 35 per cent for Indonesia. 

10.1.5 Source of financing 

Since no decision bas been taken with regard to the capital budgeting, 
it is assuaed that the foreign loan covers foreign equipaent and technology 
transfer costs and that the rest is to be financed by equity. It is also 
assuaed that ~O per cent of equity foras the foreign coaponent. COKFAR auto
aatically calculates its financial charges during pre-production, a~suming 
the total loan will be eaployed in the aiddle of the second year of pre
production. This aaount appears as bank overdraft in order to show bow auch 
interest charge will be required in the pre-production phase. This addi
tionally required fund will aost likely be financed by equity. 

The equity/loan coaposite (US$ 1,000) is as follows: 

Philippines Indonesia Malaysia 

Equity share 11,807~' 13,287!! 10,779~' 
Loan coaposite 30,660 30,660 30,660 

Total 42,567 43,947 41,439 

1/, lf, 11 Including coverage of interest charges of USS l,128 during the 
pre-production phase. 
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10.1.6 Loan conditions 

Seven per cent interest rate is charged to the foreign loan which vill 
finance equipaent and technology transfer costs. l fifteen-year aaortization 
period and 5-year grace period are applied to ease the debt service burden. 
In fact the cash in-flov has turned out to be attractive with reasonably 
c:oapetitive selling price. Since this is an opportunity study which does not 
confira the source of funds. however. further atteapt to rectify the loan 
conditions has not been initiated. 

10.2 Total initial investaent 

The breakdown of total initial investaent without financial charges is 
shown in the following tables: 

Table 10.la Initial investaent - Philippines 

Year 1 Year 2 Total 

1. Land and site preparation 1.320.000 1,320,000 L~' 
2. Buildings and foundations 2.600.000 4.ooo.ooo 6.600.000 L(SO\} 
3. Plant and equipaent 29,040,000 29.040,000 F 
4. Technology transfer 800,000 820.000 1.620,000 F 
5. Expatriate labour 82,500 247,500 330,000 F 
6. Local labour 32,200 114,190 146,390 L 
7. Inventory - aaterials 

scrap, alloys, ceaent, sand, 
fuel oil, etc. 2,363,000 2,363,000 F(90\} 

8. Advertising - proportional 
with agent costs which are 
separate 20,000 20,000 L 

Total cost 4,834,700 36,604,690 41,09,390 

!I L • local 
r = foreign. 
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Table 10.lb Initial investaent - Indonesia 

Year 1 Year 2 Total 

1. Land and site preparation 1.600.000 1.600,000 L 
2. Buildings and foundations 3,200,000 4.500,000 1.100.000 L(50\) 
3. Plant and equipaent 29.040,000 29,040,000 F 
c. Technol091 transfer 100.000 120.000 1,620,000 F 
5. Expatriate labour 82,500 247,500 330,000 F 
6. Local labour 38,310 136,120 174,500 L 
7. Inventory - aaterials 

scrap. alloys. ceaent, sand. 
fuel oil, etc. 2,333,COO 2,ll3,000 F(90\) 

8. Advertising - proportional 
with agent costs which are 
separate 20.000 20.000 L 

Total cost 5 720,880 37.097.020 42.817,900 

Table 10.lc Initial investaent - Kalaysia 

Year 1 Year 2 Total 

1. Land and site preparation 1.200,000 1.200,000 L 
2. Buildings and foundations 2,500,000 3,000,000 5,500,000 L(50') 
3. Plant and equipaent 29,040,000 29,040,000 F 
4. Technology transfer 800,000 820,000 1,620,000 F 
5. Expatriate labour 82,500 247,500 330,000 F 
6. Local labour 88,600 311,352 399,952 L 
7. Inventory - aaterials 

scrap, alloys, ceaent, sand, 
fuel oil, etc. 2,200.000 2,200,000 F(90') 

8. Advertising - proportional 
with agent costs which are 
separate 20.000 20.000 L 

Total cost 4 671,100 35,638,352 C0,309,952 

The aajor difference in total cost of the above three tables steas fro• 
"land and site preparation" and "building and foundation". The data related 
to estiaation of these goods were provided by potential investor(s). The 
tiae did not allow the opportunity study tea• to cross-check the data. 
Besides, the specific site bas not been deterained at this stage and it was 
deeaed to be less practical to ascertain the detailed cost data during the 
liaited field survey period in each country. 
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10.J Vorkinq capital requireaent (see Annex II) 

The required working capital is calculated on the basis of ainiaua days 
of co•erage for current assets and liability. The following days of coverage 
are assuaed: 

Current assets 

Account recei•able 
Cash in hand 
Feedstock and scrap(ra• aaterial a) 
Katerials for pipe finishing 

(raw aaterial b) 

Utilities (fuel. analytical consuaables) 
Spare parts 
Work in progress 
Finished product 

Current liability 

lecout payable 

Foreign Local 

20 JO 
15 15 
JO 

30 

20 
2CO 

1 
60 60 

15 30 

llaost 2 aillion dollars worth of f eedstoct and scrap would be procured 
as in•entory in a pre-production phase. This voluae of in•entory of raw 
aaterial will be carried o•er to a production phase: therefore the day3 of 
coverage for foreign raw aaterial have been reduced to JO days only - other
wise it would require at least 70-80 days. Production should ideally run on 
an advanced order basis or special buying arrangeaents to be aade with a 
sales agent. In this study, however, such an assuaption bas not been applied 
and 60-day coverage for f inisheci goods has been provided. The working 
capital requireaent for each country appears in Annex II. In suaaary, at 
full production capacity, the following are the total requireaents: 

Philippines Indonesia Jlalaysia 

9,355 8,791 8,577 

10.C Total production costs 

The eost c011ponents are identical in all three countries. The paraaeters 
are aarginally different except for the Philippines. It is aainly attributa
ble to distribution costs in which the freight costs are incorporated. The 
Philippines aartet is too saall: aore than 90 per cent of the products have 
to be exported. Freight cost at USS 72/t is to be borne by the Philippines 
plant to export products to Kalaysia and Indonesia, wbilst USS 36 freight 
costs are charged to the Indonesia and/or llalaysia possible plant and the 
foreign aartet share for these two countries is 58 per cent and 39 per cent 
respectively. The breakdown of production costs with fixed and variable 
cost coaponents at full production capacity of 82,800 t/year is shown in the 
following table. 

Annex III (COllFlR print-out) shows the first five-year production costs 
for close reference. 
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Table 10.2 Total production costs (USS 1.000): fixed YS. •ariable 

la• aaterial (a) 
law aaterial (b) 
Utilities 
IDergy 
Direct labour 
llaintenuce 
Spare parts 
Factory oYerbead 

Philippines 
fixed variable 

55.4 
n8.3 
225 
250 
200 
60.8 

18,216 
2,6'9 

499 
2,710 

96 
250 
50 
60.8 

Indonesia 
fixed variable 

53 
248.4 
275.6 
250 
200 
60.8 

17,8H.8 
2,732.4 

477 
1.407 .6 

118.1 
250 

50 
60.8 

!lalaysia 
fixed variable 

57.8 
372.6 
565.7 
250 
200 
60.8 

16,125.3 
3,312 

520.2 
2.111.4 

242.5 
250 

50 
60.8 

Factory costs 1,270 24,530.8 1.087.8 22.910.7 1,506.7 22.672.2 

Adainistration 
o•erbead 

Sales proaotion 
Freight (distri

bution cost) 

242 
500 

5,676.8 

240 
500 

1, 742 

342.S 
500 

1.185.S 

Operating costs 2.012 30.206.6 1,827.8 24.722.7 2.349.4 23,857.7 

Financial charges 2,146.2 
Depreciation 2.452.9 

2,146.2 
2,488.6 

Production costs 6,611.1 + 30.206.6 6,463 + 24.723 

TOTAL 

Unit cost 
for production of 
82,800 t/y 

36,818 

USS HS 

10.5 financial e•aluation 

10.5.1 Cash-flow (ref. Annex IV) 

31.186 

USS 377 

2.146.2 
2.448.2 

6,943.8 + 23.857.7 

30.802 

USS 372 

The cuaulated cash balance becoaes positive in the sixth year of produc
tion for the Philippines and in the 5th year for Kalaysia and Indonesia. 

The Philippines plant requires hank overdraft in the first year of 
operation to finance the loss fro• the first year operation. but will be able 
to pay off the short-tera loan in the second year. Even in the third year, 
it could start repaying the loan principal inst~ad of having a 5-year grace 
period, if it so wishes. 

For Indonesia and Kalaysia, the cuaulated cash balance will be positive 
throughout, if the interest charge during the pre-production stage is 
financed fro• equity. If not. it becoaes positive in the second year after 
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paying off the bank owerdraft in the first 
only two-year grace period will be enough. 
shorten the a.ortisation and grace periods 
earlier year of production. 

10.5.2 •et incoae 

year. For these two cases. the 
It would be aore realistic to 

to reduce financial charges to the 

The operational aargin of the Philippines plant is not sufficient to 
cower the financial charges in the first year. With the second year of 
production. the plant will yield net profit throughout. 

The Kalaysia and Indonesia plants enjoy net profit froa the first year 
onwards. The suaaary of the net incoae st•teaent in thP. fourth year (full 
production) is shown below: 

Table 10.3 •et incoae stateaent 
(at full production. fourth year) 

PhilippiLes Indonesia Kalaysia 

Total sales 49.680 49.680 '9,680 

Variable cost 30,208 24.723.84 23.858 

•on-variable cost. 
incl. depreciation 4.464 4.316.53 4.798 

Operating aargin 15,008 20.640 21.024 

Financial charges 2,146 2,146 2.146 

Gross profit 12,861 18.'94 18,878 

Corporate tax 5,145 6,474 7,551 

•et profit 7,716 12,020 11,327 

10.5.3 lreat-even analysis 

The fixed cost of Kalaysia is alaost VS$ 500,000 bigher than in 
Indonesia aainly due to high labour and fixed cost portion of energy cost. 
This eleaent brings up tbe BEP of Kalaysia higher than that of Indonesia. 
26.89 per cent vs 25.9 per cent. The reason of the Philippines' higber BEP 
over the other two is because the distribution cost is about 4 aillion dol
lars higher tban the others. 

In general this BEP of 25-33 per cent for the three countries is relati
vely favourable. Even a drop in sales would not jeopardize the sound 
operational profitability to a great extent. Specific iapact of sales drop 
on IJR will be investigated in the sensitivity analysis. 

The following charts show each breat-even point by tonnage and percenta
ge of full production: 
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Philippines 

49.680 I 
36.818 

6.611 

4.465 

28 .110 t. 82.800 t. 

Break-even point: 28.110 t. 
of full capacity: 33.9 per cent 

Malaysia 

~·-
49.680 

30,802 

22.264 t. 82,800 t. 

Break-even point: 22,264 t. 
of full capacity: 26.89 per cent 

10.5.t let present value and IRR 

Indonesia 

49,680 

/ 
31.186 I 

6.463 

4.316 
d~p. 

21.t42 t. 82.800 t. 

Break-even point: 21.442 t. 
of full capacity: 25.9 per cent 

Tbe IRR and net present value are as follows: 

IRR 
let present value 
VS$ 1,000 

Philippines 

19.08\ 
-1,774.86 

(20' handle rate) 

Indonesia 

25.1' 
1,0769 

(20' handle rate) 

llalaysia 

25.27 
26,337.29 

(15' bandle rate) 

Despite Malaysia's lower net profit, its high IRR against that of Indo
nesia is attributable to lower initial costs in Kalaysia. As mentioned ear
lier, however, the higher initial invest•ent in Indonesia is derived from 
bigber cost of building and construction and these figures need further close 
investigation when the site is finally deterained. Therefore, the difference 
of IRR between Malaysia and Indonesia sbould not be substantiated for specific 
decision-•ating on which of the two countries bas •ore advantage for the 
establisb•ent of production facilities. 
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The sensitivity of IRR is shown in the chart (Annex V). The sales price 
is the aost sensitive one followed by operating cost and initial investaent 
in that order. In the case of Kalaysia. even if the sales price is lowered 
by 10 per cent. i.e. USS 60 reduction and the selling price is USS 540 (ex
factory price) plus 15 per cent sales coaaission. the IRR will still be 
higher than the handle rate of 15 per cent. 

For the Philippines and Indonesia. the cut doWD in sales price of even 
10 per cent would bring the IRR lower than the handle rate of 20 per cent. 

The increase of initial investaent would not aate significant iapact in 
the three cases. Even an increase of 20 per cent for initial investaent 
would still keep the IRR for Malaysia and Indonesia above the handle rate. 
This aeans that the initial investaent of USS 48-50 aillion could still 
ensure a co .. ercial profitability. 

10.5.5 Debt-service ratio 

The ratio shoving in the tables below indicates all figures to he 
positive and favourable. The project can generate sufficient cash to pay 
interest and aate repayaent of loans without any difficulty. This implies 
that the proposed project could eaploy aore loans if so wished. Covering 
soae local portion of initial investaent by local loans is also possible. 
Furtheraore, the project sponsor could accept a foreign loan with higher 
interest rate if only the loan with higher interest rate is available. 

In the case of Malaysia, for instance. the loan at 12 per cent coaaer
cial interest rate could be eaployed without hindering the preferable debt 
service ratio, whilst Indonesia and the Philippines aay need further inves
tigation before applying a 17 to 18 per cent coaaercial rate. It would not 
aate significant iapact on the cash-flow situation, particularly for the 
first two years of production. 

Table 10.4 Debt-service ratio for the first ten years 

Philippines Indonesia Malaysia 

1st year 0.56 1.C6 1.27 
2nd year 2.36 3.52 3.27 
3rd year 3.68 5.30 5.02 
4th year 4.98 7.05 6.74 
5th year 2.94 3.97 3.80 
6th year 3.03 4.10 3.92 
7th year 3.13 4.24 4.05 
8th year 3.23 4.39 4.19 
9th year 3.34 4.55 4.34 

10th year 3.46 4.72 4.50 
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10.S.6 Sensitivity analysis 

The sales voluae of 82.800 t/year would be approxiaately 60 per cent of 
forecasted deaand in the ASEAH region. ls stated earlier. however. the 
deaand forecast was not based on a sound analytical ground due to the uncer
tainty of DI pipe procureaent in the three countries under study. There 
exists likelihood that the proposed plant will not reach the sales voluae of 
82.800 tonnes. 

The break-even point of this proposed project is rather low, i.e. 25 to 
33 per cent variation between the three countries. This iaplies that the 
plant would aost likely be financially sound even at the rate of 75 per cent 
of full production capacity. The aanner in which this reduced production 
capacity would influence the IRR bas been investigated to provide a yardstick 
for co .. ercial profitability of this proposed plant. Since the Philippines' 
IRR is already lower than the handle rate. this sensitivity analysis bas only 
been conducted for Indonesia and Malaysia. 

lssuaption 

Only a production of 62,100 t/y can be obtained in the third year of 
operation and the production voluae will reaain for the rest of the project 
life tiae. The first year of production is 40 per cent of 62,100 t, the 
second year 60 per cent, the third year 100 per cent. 

The production cost is adjusted applying the saae variable cost/fixed 
cost portion of the base case and recalculated. The ratio of export and 
domestic sales is assumed to be 25 per cent and 75 per cent respectively. 

Results Indonesia Malaysia 

IRR 21.62\ 21.49\ 
{base run) (25.10\) (25.27\) 

let present value 3,134 at 20\ 15,050 at 15\ 
US$1,000 handle rate handle rate 

{base run) (10,769) (26,337.29) 

The result is also shown in the COJIFAR Suamary (Annex VI). The net 
incoae in the third year of full production decreases froa 12,020 to 8,422 in 
Indonesia and from 11,326 to 7,651 in Malaysia. In the Malaysia case, since 
the handle rate of IRR is 15 per cent, the project will be recoaaended even 
if the total sales voluae is auch lower than the 62,100 t/year. 

Conclusions 

Financial indicators for the base assumption are all positive for 
Kalaysia and Indonesia. This iaplies that the ductile cast iron pipe plant 
in "be ASEAlf region would aate profitable operations in either of tbese two 
,. .. 1ntries. It is obvious that aaong the tbree the Philippines show the least 
teasible financial indicators. It is aainly because of the liaited doaestic 
aartet and the higher freight cost charged to export products to either 
Malaysia and/or Indonesia. This freight cost disadvantage will mate the 
proposal of DI pipe produ,tion in the Philippines less attractive. 

This opportunity study does not aate a clear suggestion as tc where the 
plant should be located: either in Malaysia or Indonesia. The decision will 
have to be left to tbe private entrepreneurs' initiative for active follow-up 



- 64 -

of this report in a further detailed feasibility study. In other words, no 
significant advantages or disadvantages on site deteraination between the tvo 
countries can be identified or confiraed by this study. 

Secondly. the aartet assessaent is the aost critical eleae~t in ascer
taining in detail the future co .. ercial profitability of the project. The 
plant. even if it can sell only 62.100 t/year. would be co .. ercially profita
ble either in Kalaysia or Indonesia. The IRR cut-off rate (handle ratei in 
Kalaysia is lover than in Indonesia. in light of the prevailing bant interest 
rate. Even if the sales voluae decreased down to 50,000 tonnes/year, the 
Kalaysian plant would enjoy positive net present value at 15 per cent cut-off 
rate. whilst the Indonesian one would not, at this production level. 

In order to secure the projected sales voluae, intensive marketing 
efforts during pre-production and initial stage of production are of signifi
cant iaportance. Penetrating existing alternative pipe aaterial markets such 
as asbestos ceaent, spiral welded steel and PVC is seen as a crucial factor 
in securing successful operation of a ductile iron spun plant in the ASEAR 
region. There will be strong opposition to promoting ductile iron pipe 
which, by reason of its siailarity, i.e. "a pipe is a pipe" is also aore 
expensive per aeter than its coapetitive products. The fact that "laid cost" 
of a ductile iron pipe aay be highly competitive and by reason of its corro
sion resistance and stability and long life, once laid, ductile iron should 
be perhaps a preferred aaterial is not a sufficient reason to overcome the 
existing aarteting o~stacles. This study bas assuaed that the barriers of 
coapetition can be overcoae if the end users of ductile iron pipes (the water 
authority planners and engineers) appreciate the need for long-life pipes in 
poor soil conditions. The opportunity study team is convinced that the 
advantages of ductile iron pipe will be widely recognized by authorities 
and its future aartet in ASEAH is promising. At least the level of 62,600 t 
per year for the selected product groups could be obtainable through enlar
ging the aartet covering the AIJV participating countries at least and hope
fully other countries such as Singapore. 

It is suggested, however, that the above sales forecast be once aore 
substantiated by in-depth aarket investigation in the feasibility study. 
Particularly the specific product aix should be determined on each pipe 
diaaeter and not as a group. 

As far as the aartet segmentation is concerned, the opportunity study 
team recoaaends the product aix 100-150 mm, 200-250 am, 300-350 ma and 
400-450 .. to start the operation. Later on, upon achieveaent of full 
production capacity, technical and financial implications of expansion of the 
plant to produce larger diaaeter pipes should be carefully investigated. It 
is anticipated that sound operation ground supported by technical and finan
cial coapetence will be established by that time. Thus, it is recommended 
that the. feasibility study covers possible plant expansion in the fourth or 
fifth year of operation, in order to produce pipes of 600 to 1,200 am in 
diaaeter. 

Over and above, the idea of establi~hing a ductile spun-iron pipe 
production facility in the ASEAN region should be firaly pursued. It would 
enable the AIJV participating countries to enjoy more rational social 
econoaic development through utilization of locally produced DI pipes for 
water supply developaent scbeaes. Without having the production facility, 
ASEAI water supply developaent projects will have to continue relying on 
iaported products. 
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AfiNI:X I 

Schematic plant layout (not to scale) 
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W~rk 1 n progress 
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Cash 1~ han~ .•• 
Total current assets 
Cur~!~t !iabllities and 

1dc r.ot" 

22 lb.O 
Y• 12.1 
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240 1.S 
I 360.0 

&O b.O 
15 24. () 

Accou~ts payable • . . • • • 19 lS.S 

N!t •Orking capital •• 
in•rease in worring capital 

Net ~orr1~g capital, local 
Set .i::rki~g capital, foreign 

!t19! 

7lU'49 
2B95.429 

(1, OM 
143.:.33 

7. 74') 
l~~Q, \41 

St1. 131 
~ .. C'~ O':'Q .. JJ.·1·.,1 ... 

4:'5.631 

4ei8.!96 
2:15. 7 ~t 

910 ,.,,., ' ..... ~ 
3t1~.9. !95 

!~9: 

'.O~t. 0e~ 

3~~9.,:9 

0.0~~ 

!SC.000 
I'.. t: ! 

~~qt,2~0 

t.:.-; ~ ', 
~ ~ ! l. .~.4 ·. 

1? L =~~ 

6?&t). 41~ 
1~.·.:.?.:·13 

!179.m 
SM!. ~t.9 

~~te: ~~c = 11n11a1 days cf coverage ; cot~= toef~;c1ent ~I !~rnJver 

1993 

1541. 221 
3600,355 

0. (11)::1 

i ~.s. 3:.~ 
lS.4!~ 

:-: l 8.: I~ 
C'C' •')'!"' 
·'··· ,.,11 

87:'9.69~ 

! (•50. 71E 

7/i.7. 96':· 
15'7.5~0 

lS0•.312 
b223.6~i 

!994 

2c .. :·:. :::s 
a::.UM 

O, 1)0C· 
:~6.66: 

j 1, .: 7·1 
C,1!), d~l 

:-:i Qr,(, . 
! •>7~5 I 9~(· 

m~.~o~ 

~:.s~.1:, 
f; ,,, .,,., 
I;.} .. 1 1 I , • 

I S~9. ·179 
"'~.2~, :::B 

1995-21)1)~ 

20C7.319 
•1!1.9e~ 

0.0"~ 
1b6.6~7 

'Q !~C 1 .• ..., ' 

474•:.441 
::; . 9< •) 

~ ·:·:~s. q~~~ 

1:10, ~09 

93~5. 737 
(•,l'fi(! 

~82';.4!~ 

75:6. :se 
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Net Working Capital in 000 USf 

Yur ................. 1~91 199: 1q93 19~4 l 995-~r.ios 

Ca\·erilge ......... 11dc cato 

Current nuts l 
Accounts recei\·abl e • • • '!'I 16.0 584.209 m·.9:~ !2S8.b90 !65~.:.41 165:.s~~ 4 .. 

Inventory ilnd aaterials • 30 12.1 :es9.7~1 ::·:·a. bSS 36'4. 7t14 4(•8·). 96?- 41)8(•, 963 
Energy .......... 0 --- ~'. 0')0 ,, • i)(1 1) 1), (ll)t\ ~'. OOC• 'J. 1)01) 

Spires ........ ' 240 I. s 141.33~ I ~!:1. (•0: I) 1~6.331 166. b6 ~ lb6.6b7 
Wark ~11 progress ... 1 360.0 6. :i:t' s.~~4 I~.?.?! !5.789 15.789 
ri~1shed pro1u~ts ... 60 6.0 14:!. (::~ :i37 .~:.:; ;1)0J, 71)2 4,)5:, 474 111)51.04 

Cilsh 1 n hand ....... IS 24.0 61.C! 1~ ~I 4 ! 1 f'.., 'l~'> 
•I ' ' .,,_ ~2. :;1 :2,;~1 

iotal curr!n~ usets ....... ' . ~075.941 65·'.•\1, ~ 0 e 9:2s,5:11 ! •:'1)7. J. ! S\1 i 0':·:.1. ! ~o 
Curren~ liab1liti!s and 
Acc~~nts paya~!e •••.•• !9 19.4 ~75.98~ ~sE.4·:4 ~.ig,qe! ''~C) 40C 

I.,•'' I~ "'" :~;~.b~e 

------------- ---------- .. ··- -------------
________ .. ____ 

-------· -----
Met •arking capit•l ••• , •••••• 465{1, 056 584:".~q~ n~o.54~ ~791. 4~~ em. 1~~. 
lncreasP in N~rk1ng ••pital •••••• 2316.b:b I: 9:. ~:9 l433.954 [~•! 4, 0·'.• 1 (I, O•)•) 

Het •crling capital, local ... . . 82/i. 67! 1 ·:it. 9~· .. 1:::.~~9 :~q~.~9i t~P~,:Q~ 

Net wor~ing capital, farP1gn ..... ~er:.. ~B5 4?:l~,. ~ .. ~ ~.Q~4.60q ?!94.~l~ 1 194, ~·;.~ 

Note: 11ctc = 1ini 1u1 days af caver age ; cot a = cop ff 1c1 er.l : ' t<1r no·11?~ • 

-------------------------------------------------- .. ------------· ·--··-·---------------------·--------------··-----~-------------------
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Total Produc:tion Costs in 000 USf 

Ytir ..............•. 1991 m2 !99~ 19~4-q~ 1m :;97 1998 

1 of no1. ca~Jcity !single product!. 3•\ 1)0(• ~ ~' (!1~·(1 ?5, (•0'' lM•.( .. y1 ! •"O. 0(1\) l ~ ... ,. (·~ 1:· J(I0.000 R•• ••t•ri•! j ••• , •••• , • , 54bU'•;o 9! (~~. ::<·(· ! 3~~:, \'''C· 18~1 : .• ("''' iS2!t,iJM 1e~: 0 .. :0-: ·j 18216.000 Other ra1 tater!als ....... 1~•. eec· ! ~~· 4. r:··· :1 1QD7.Z0C· ZbH. 6 1'1~ ~b4', 6(u:• 2i49. ,,:.:. 264q,6~Ci Utt'itie; I I I ' I I I I I I I t I ~·'4' :;~l >t ·: 7 4~9.33' 5~ '· , .. ,~,; 5~4. o~~:· 5~4. 1)~' 5~4.150 Ener;;· .• , •..•• , • , •• , 129!. 059 1a:.:. ~e~ =~10.~9~. 3187.BC•(• : i 67' 8(•(' 3!~7' ~·:11:• 1l87, BOC• l•bo~r, direct •..• , .• , , . , :'54. 0~2 .,. •-.ir.: 2H.m • "' r.~q ~:1.~5q :.~LSS' !.2U~9 
....... ;) .J .. ·.,w .. 

Re~a1r, 1aintenance ....... ' 3~~.000 ~!~. t\•)t~ 4 ~7. SN• 5or: .oM ~(·~·. •)~0 ~···i:·.N(· soo.ooo S;Wl'S 215. (t)O ~:s. ·; ~·') ., .. ., \,•'• 
~5(', t)t'.{ ~~·). ( i)(1 =~:.', :·:11j 250.01)0 

................ .. ..... ..1t''J 
Fa:tcrr ~ver~~a~s . '9. 97S ~ l. : ~~ I(·~.~:; ! = l. 5r.·r.· I: 1. ~(11• I::,~(••'.· I 2J.51)':t 

t t t I t I I 

----- ----- .... ---·-······-·· ....................... -......................... ......... ........... . ............. ~-·. ..................... r ac t c~ )' i. os t s E~:S.744 ! ':.3~ .. t ·" 1%67, 14(1 ~:·Sld.i. ~; i. .~ ~·~·:.~I, : ! (: ~~BiJ·'.1.~; (, :·~?00. 51 r. 
I t I I t I t I .. 

Ad11n1strative cverheads • , •••• ~46. 06 ~·b. l ~b :4:. rn 24~.: 76 ~4=·.~j~ 24:.::b ~nm !nd1r. costs, sales an~ distribution 5(10. 00l' 51·11),1/·1'. 5(1(1 000 5(1(1,00\1 ~·)fl. 0(0 ~~·< I ·"C·~· ~OC..000 Direct c:sts, sales and dis•r1buticn 15:>3. no :b9~,1;::~ 418~.4'1 Sb7t.. E~(· S67l.e4~ ~b,U :.:1 S61b,940 ~epr•c i at 1 O:'I • • • • • • • • • • • • 2452.855 :.'452. e~5 24s2.e~~ 2m.s~5 ~45:.'' 855 ~4~:. ?.~:. 1452.8~~ rir:•~~i al ~osts 214b. 200 2?4~.:!i il 4b. ~!)~· 2J~~. ;:1;;_', :1J( ~. ~ =~· 1a6•'t I')~.;• Pl~.~.!.O 
........ ' .. 

··-----··----- ..... -..... ·-·. -. ----------· .... .. -- ..... -....... -. .. ..... - ................ - ........... -......... . ............ --- .. Total pr1:1duct i.' costs • . • , ••• 15ii7.660 ~!3~~ .. ::i·:. :q~ 9!•. 37U ;1.e1S.W1 ~H-1~. 460 :bs::. ·:u· =~:.89' 31)•) =-============ ::::::::':'~~:=: :"::::"::::::1: =~=:":::;:::~: 1a1':'11r::11:-s 11"':'::::-:1r::-1r. 
'.'::':'lllllStlll Costa ppr ~nit I sin9l• product l O.b~5 1), ::s o. 4i0 (1, 4~5 (;, 44! (•. 4' r 0.4~? 

. 
Of it tore19n 1 I ....••...• 76. 83~. r: .ff: 1e. lll b 78.~99 73. ~: 4 re.~:q :a. 10 Of 1t war1abl•,% .•••••••• , 56.175 be. :~2 77,357 92. (145 s~. ~be 8~.bS~ e;. (,: J TJtal l•~~ar ...•.. ... 593.16~ 6!~. 461 ~~:.~7g 356.t95 3::6.69~ ?.~~.b9~ 3~6.ns 

-------------------------------"·--------------·-------------------·------------·------------------·····-------· --·······-···-············-······ 
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Total Production Costs ir. )1)'.· i,;~.t 

Y!ir ••••• , , , , , • , , , , • me: ;'1)i)() 2(•01 20•'.>2 2M1 zo·~: ir·r.·~ 

X ~f not, ••?•city !single pro~uctl. I (11). 001) !(10, 1)(•0 I 00. ~)(10 !•)0, 1\(10 10(1, 1)00 ~ ~·O, ~·00 1 C 6), (1 1:H) 
Ra• 1at•rial I • , , , • , , •• , , m1~.vot) mio.·~:>o 18216.(IM 1s:1b. •)l)O l82lb,\IOO !E2io. MC• 18216.W; 
Other ra• tattrials ........ 2649' ~0(• 264~.600 2649.bOQ 2114'~' t 1.• r,. :.~49' 6(1(1 ~H9.MO Z641f, ~(:(I 
llti Ii tit! .. ' .......... 554,l)~Q 554, ·l~C· 554, l\~(1 ~54,1m 554, :)~lj ~5•.~50 5~U1~1i 
E~tirgy • • • • • • • • • • • • • • • 31e1.eoo 3m. a% 3187. 8(·(1 1: 87' 8(•l' .J :87' 801) ~m.soo 3187. 9~•) 
Labour, direct •••• , • , • , •• 321. 559 321.559 321.559 321.~~l) ~:US9 m.ss9 321.m 
~•pair, liintenanct .. ' ..... soo. (101) 5(1(', 0('0 S00.000 ~.(10, N·C• 5~(1, 0(10 500,vOO S01i.M'• 
Sparn ............. ' iso.~o~ Z~li. ·~·;~ 25(• ,(•0(; ~so. N•O ~~0.00? 2~~, 1JOO 25(•, (1r.(1 
Factory overheads ....... ' . 1:1. ~·)0 l ~!. ~0~1 121.SGO m.~·(1(• I :t. 5~·0 111.:.(JO 121. 50•) 

., ________ ., ..... .. ...................... ... ....... --· ..... ............... _.,._ ..................... ···-~·- .. ·-···· ................. 
F•ctory costs ... ' ...... ' ~~s0t:.~ic ~59(1(1, ~·If\ 25801),510 ~5e~:·o. s1 o 25800, ~JI\ :~soc.510 2~80~.SIO 
Ad1inistr•tive ovtrhtads , ••••• 242. !36 ~ ... , ' .. ' z42, rn 24~. l7b 242.: :.6 Z4~.ll6 242. ·~6 .. •~I • Jr,,,J 

lr.dir. costs, sales and distribution 51)1),('I)(• ~OC•, \'llO 5M.ON1 5•~0. N1~ ~~·O, 1)~0 SOC•, 000 5M.01)•) 
Direct costs, s•l•s ind distribution 5676.840 S~H. S4C 5676.941) ~t7b.341) ~bH.340 5b~6.B<O Sb7b. e41J ..., 

0 tieprtci•ticn •• , ••••• , •• , 24~~.ss~ ~452.~55 21~8. ;.•)b zm.~.1.'c 21::. ~(·6 2128. 306 21ZB. :•:0 

Fi.i•r.rial ccsts ..... ' .... m:..~S\• J 4jf•. a•:\· !~~'.721) ! : 4'. ~4'.• ! (":!,~~I) 8~8.480 71~.4(•0: 
.. ......................... .. .. ·---- ........ ·- ........................ .. .. . -· ........ '' ... .. ..................... .. .. . .. .... .. . .. . ... .. .. ..................... 

To~JI production costs •.• , • , . 3bi•i.. ::-o ~~.!(•:,,Ji!l~I '5b~~. ~1~1 ?.~49;:',4~·) ~~74 11,3~() 7-~2·)~' 270 ~~(16 ~. ~·~·() 
::::::-: ::';!::::-: ::::":"::::-::.:~ ::=i::::::::: ::::::r::-:r::: ~i::.·s:1;:::1:r:: 1:":.•1i111ra11 ••••111111:1:: 

Ccsts ptr unit I singl• product l . 1).4~3 ~·xi (l, 4~1) I), 4 =-~ 1). 4~7 r;, 42!· 0 .4:':1 
Di it forti;n, Z , • , • , .• , , , 76.l\SB P. ~71 n. :2e 7'.bJ8 7UU P.451 7'.'.16S 
0' it v•r1iblt,Z , • , , • , , , , , S3.:41 83. ~,: ~'· 7t~ g~, Ii! e~.4~~ a~. go3 Bt.1~:. 
ictJI l•bour • , • , • , • , ••.. m.695 35~. ~~~. m.~9~ m.!.~~. ~5~' 6°5 m.t~5 l~!i.~~~ 

.... ··--·-----------------------------------................. -· ........ -· ................................. -- ................... ~ .............................. ' 
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Total Production Costs 1n Ot)·;· :i:r 

Yel:" ••••• , , •••••••• , 1~ 0 1 ! 9~·~ 1911~ 

1 o' na1. c•puity lsin9l• product>. lO. 0'1(1 ~I\(:}-) ?~.~~4 

Raw 11teri•I I • , , .• , ••. , • 5~115. &4l' gr,c.4c··· rn:2. 5:0 
Othtr r•• 11teri1ls ' ...... ' Bl~. 7:(· l :;~~. ~r·-:· io49. 1:~. 
Util tt:n . . . . . . . . . . . ' . ~qb.: :: ~::, ~ ~., ....... , ... c~~ .. ~:~ 
Entr;y • • • • • • , • , , • • • , , 6~ll.t3\l ~~:. :1.'0 ! ~.1)4, 01 ~ 
Labour, dir•ct .• , • , , .• , • , m.~!i3 ~;s.~:e lli4.?l~ 

Rtpi1r, 1aint•n•nct ...... ' . n~.1)Q~ ~75, 1':~1·' 47.7.4~~· 

5~arn .. ' .......... ' 215.~00 : :·~' ~\:')(! 237. 497 
f3ctory overh•ads .. ' .. ' .. ' 78.975 q!. I~~ !(lb, ll\9 

------------- _________ .,.. -- ··------ ·----· 
FJctory costs ' .. ' ' .. ' .. ' HBZ.100 l ~578. 2q1; 18322. '.5(• 
Ad11n1str•tiv• ov!rh•ads •..••• S44. l'60 544, (•b(r 240.0bO 
lnd1r. co~t~, s•l•s ind distribution 5(1\l, 0'('1 SC10, (,(11) ~,(1!), o~·) 

D1r•~t costs, sil•s ind distribution t), 0')0 ~~~. H.9 9117.4~d 

DP~rtciation . , •.•••....• 24BB.b66 ~48B.H6 2488.iibb 
~1nancial costs t ' t t t t t t I t 2146.:oo ~!U.200 214&. 2•)·~ 

------------- -............................. .. ...................... 
Tohl production costs •.•.••. t:\661. C·70 I ~~('9. l 'f'' 2H94. 56~ 

::::::::::::1 ::::-::::-::::::: :::::;:.::o=:::, 

Costs p!r unit I si~gl• product ) o. ss~) (1, 44' l'. 3~S 

~f at far•ign, 1 .•••.•••• 77.11;3 ~1.m rn.~e? 

Of 1t viriabh,1 •••••••••• 50.467 ~~. 44 ~ 73. 929 
Tot•I l•bour ..•....••.•. ~48. l::: rn.m .,,,., ~., ... 

•' I'• I i. 

! ~H·~~ ~~qi 1~q7 

~ f.1(•' (('I) I (10, ~~n 100.vvo 
17234.91)1) I ~834. 8(10 :~924.2~~ 

~~::.40(1 :-i:~.·~1(. :1:.2.4r.·o 
! '.i'J.;. ;1) ~·:.0, :.:~~' 5~1 ... 3~6 

16~6.l)t\(• U·~t.W: :~~6.N•O 
~~). ?!j) ~93. 150 m.1~0 

~%. %0 ~r)I,•, •:•N· !"'0.0·:·r1 
=~·). 1),'1ll 23(1, Of)\! ~~'). ~~~ 

121.51\0 l~UiO ! :I. 5•)0 
···-·-------· ........................ .................. 

24t)68. 780 24068.780 :41)68. 790 
:41), !)bl) m•.060 m•. %1> 
5C'l1,()(lr) ~(JO. 0(1'; ~lll1. .lrlO 

1:'4~.31,7 m: .867 1m.S67 
24Be. 6bb He9. 6b6 ~488.66b 
2!4b. 2flt) :1):)~. !~~ ! 36•). (140 

.................... ............. ....... .. ..................... 
31 lS~. ~7(1 3 ! >)43. 49¢ 3".·9~,,. 410 

::111:1:::r::n r-::'1:1&111111 ·=···=······· ) .. ,, (l, 3?~ ' ...... .. ' . ,, ..... ,/ 

:·3,9z4 76.F~7 78. 7ZI/ 
N.~77 79,b4~ 9•), C•: I 

m.81 1) 426. P.ll\ 426. nM 
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Tot.al Production Co•t• in 000 LISS 

Y11r • • • 

l of n01. c1p1city lsinglt product>. 
R•• 11t1ri1l t ••• 
Olhtr r1• 11t1ri1l1 
utilititl ••• 
En1rgy •••.• , ... 
l1bour, dirttt ••• 
Rtp1ir 1 ••i~t1n1nc1 
S,v1s ..... . 
F1ctory ovtrh11ds 

F1ctory ccsts •• 
Ad1ini str1th·1 cv1rhtid1 •• 
lndir. c~st1, s1!rs 1nd distribution 
Dirttt c'sts, s1l!s •~d distributicn 
~prt~atic, ••• 
Fin1n:11l :osts ••.• 

rot1I ~roduc~icn costs • 

1999 

100.000 
17884.800 
2732.400 
Sl0.330 

l6S6.00(1 
393. 750 
soo.ooo 
250.0<IO 
121. 50(1 

24068.780 
:?~0.(160 

soo.ooo 
1742.86~ 

248B.U6 
1716. 9~t' 

30757.340 

\99'1 

100.1)('!) 
17984.80(• 
27l2. 400 
530.~30 

16S6.Q(IQ 
m.150 
500.1)\\1) 
250. !)('(· 
121.~M 

~~068.m· 

~40.0M 
50(•, N.'1! 

1142.367 
:•8e.&~6 
117~. BS1) 

lOo!•. :t:) 

2fr•)0 

100.MO 
17384.SOO 
2n2.•oo 
530.330 

1656.00(I 
3n. ~so 
SOO.OC11' 
~~C·. ·~~··> 
1:1. ~ 1)0 

:•N .. B. '.'81) 
:Hi. O!~ 
5•~ 1). v~·) 

mZ.~.!.7 

~•!:':9.li#.6 
! 11 jfJ, ~·~·:· 

:om. !M 

2001 

10~.MO 

1188~. 800 
2732. 41)1) 

S30.~!0 

1656. •)00 
m.7SO 
50(•, 1)0'.• 

25'), 1\ll~ 
121. ~~·) 

241>6e. 1e1:. 

W·.O~t' 
!·•)(1, t'11!1) 

!7•:.~~~ 

4 lbl. ~1)6 
!~B~.?:(: 

~~l'~O. :'4•) 

2(102 

IM.000 
17084.BCO 
Z732. 400 
53Ci.ll0 

165'. 0(11) 

393.7'0 
~(.11),0(1\1 

:~o. Ot)(• 

1: !. !-1i1) 

240b9. '80 
240. o~~· 
500.0M 
l~nS67 

21£1.:'(·! 
1.44.6•( 

:99'1,660 

2(10~ 

10(1,1)~~ 

17884. SCIO 
2732.4M 
S30. 130 

16S6,000 
;9~.750 
SC(l, l)(·f'.l 
=~•), (l~•I) 

: 21. S(•O 

24069.760 
2ff .W~ 
~~.ioo 
:14:.e~1 
~161.3~~ 
~t·1: J.~~·J 

29714. seo 

2004 

100.000 
17884.800 
2712.400 
530.330 

16'6.000 
393. 750 
500,000 
2SO.OOO 
121.~00 

24068.780 
240.060 
500.000 

1742.867 
~16t.S06 

8"·'80 

2'571. 500 

:(••iS 

100. ~0(1 
17&a4,8M 
2n~.coo 
'~0.)~0 

16511.000 
~·=.1~0 
S<•O. o~o 
2~0.0(10 

121.SvO 

240118.~80 

240.060 
50(1,(ol)I) 

1742. g6' 
2:6!. ~f19 
m.•O•) 

294~8.4~1) 

••••••~•••••• 1aa::nwa1at1: =~••••••~1••• 1s,1•1a1s,:ai: 1•••••••••••• •••••~••••••• 1a1a1na1111•1 ••••••••••••• 

Costs ptr unit I singlt produ:t I • 
Of it fortign, 1 . 
Of it v1ri1blt,l ••• 
Totil !i~o~r ••....•• , •.. 

0.371 
78.630 
80.384 

426.810 

~. :.10 
1e.~~o 
B0.7511 

4~6.9!(• 

~. 7-~S 
1e.43v 
3:' ~ 18 
·~6.810 

~. ~~z 

78.m 
82. 411 

426.910 

~.3~1 
78.052 
9~.806 
426.81~ 

0.3~9 

77' 94t 
83. ~(14 

42~.ei~ 

ASE?N ~UCTILE IRON PIPE ·•• +++++• 

0.357 
77.839 

·~·· 607 06.810 

l).~~5 
n.m 
BU•!~ 
4:~.SI~ 

..., 
N 



Total Product.ion Costs in MO USJ 

Y11r •• , , ••• , .• , , , • , • m1 !~9~ l~Qj 1994·~~ !'96 m1 

l of noa. c1p1city l'in9lt productl. : . ''0 o. \••) C•.0(1 (t, (11~ o.oo o.oo 
R1w 11ttri1l t ••••••••••• 4937.~IJ 3t)62. b~ 1 ~oo~. ·l7 !f.t:~. ~·> i~m.;.f; 16 ~25. 30 
0th!~ r•• atttri•ls ••• Ill •••• 9Cl3.6(l 1656. ~(: ~484.0~ ~. 7, 1:. (·(t ~:1~.I)() rn2.M 

Uti!itiH . . " . . . . . . . . . . 214.1~ 3!9.3~ 448. 57 5·1e,e·· 578,8~ 578.BO 
En tr gy , • • • • , , , • • • , • , • 1006.02 1428. 3(' I ~~6. I~ ~494' ·i~ ~464.01) 2484.00 

l1bo1r, dirtct ••••••••••• 638.43 ~911.~: 747. 5~ 808.14 803. 14 808. 14 

Rtp•ir, ••inttn•nct ' ... ' ... :.~5. 00 ;.1s.t11) 437. SQ 501), ~'0 5M.1)0 500.00 
Sp1rn • Ill ' ••••••••••• 215.00 n5.'>~ :31.~v :~0.1)0 :,o,oo 250,00 
F1ct:ry ovtrbtJd' ......... 78. 97 CIJ. J ~ 106.11 121. 50 121. 50 121.51) 

................... .................. .................. ·····-··--·--·· ............... ···········-·· 
F•ctory cos~' " t • t • t t I t t ' Ol,l8. 77 i:a4!. :4 1e~11.!4 ~417'.~4 mH, 74 ~4179,74 

Ad•ini't~1tivt ovtrhtid' •••••• 646. ~o t.U.50 34?.~0 342.5(1 342.5(1 342.SO 
lndir. costs, s•lts ind distribution ~00. (>I) 5~0.~'1 50tt.OO 500. •)(t 500.00 500.00 
Dirtct co,ts. silts 111d distribution o.oo 2n.n 131.6~ 1185.~5 1185.55 1185,55 

DtDrKii~:on ..• , , •..•... ~448.21 2448. 21 2448.21 2448.~I 244!.21 2448. 21 

Fin1:ici 11 c:i'h • t • 4 t • t I • I 2\46. ;o 2t4~. :·) 2146. 20 ;·1u. :i> Z~1); .• t2 mo.04 
----·---·--··- ----· ... -........... 

____________ .. _ 
........ ....... ---· . . -- ......... --. ................ 

Tot1l or:>ductio~ costs ••••••• 1400.118 ms~: .'J~ ~Ht!(•.07 1(8')~ I ~I·,· 1'Jt~~. ~~ ~\·516.04 

=••='111'11i:&~ 11'11 ":::n;:i~1:1s:11;: ····=··=•••'I•• :'lrS1:'111'1~1.:lnt '11WL&llf:O:U;TWIS ~,,,,q,111••••"1 

Cost' ptr unit I sin9lt product I ·~. \10 I), \') ~·. ~c 0,01) . o. ::·~ ')' '~~· 
~f it f~rti9n, l •••••••••• ?I. ·:·2 71. ~~ i: .ee 72. ~.:· n.11 72. C•4 

Of it variablt,l •••••••••• 48.41 ) !. ~~ 7: .86 77. 4~ 77. ~i 78.18 

Tot•l hbaur .••••••••••• ~~'''·~~ l ::6. ·~ QB~.~'~ :m.~4 ~~~.b4 '43.64 

------------------------------------------~--·······-· ·---···········-··--······-·····-~······"····-·--·····-······························-·· 
A~~AH CUt~ILE :~a~ ~trE .•••••••••••• 

I~ 
i n ,. .... 
i 
s 
Ill ,. 
Ill 

I 

:. .. .... .. 
Ill .... .. 

I 
.... .... .... 
A 

... 
"" 



Total Pr':lduction Costs in ooo us• 

Ytu •• , ••.••• • , • , • • · t•98 1n9 :?O!) :(•CI 2~02 ~~.)~ 2004 WJS 

1 of no1. c•~•city lsin9l1 product>. o.eio •:·. (·~' Ci.·)(' Ci.(•(• ~. 0(• ~·. 'r) o.oo Ci. 'J(• 

R111r 11t1rill ~ ••••••••••• 1612S.30 !~1~5.~0 1612~.3!) 1~12~. 3(1 um.~c· 1~1:•5, ~~ 1612~.31) um.:o 

Other r•• ••ttri•ls . . . . . . . . m~.co m2.C.l' 1~ 1:. n.1) :~! ~' (•(· Z~!:.M J=:i.M ~312.00 ?.:12. O? 

utiJi!iH ............. 579.80 ~~8.Sv 57!. 81) 578.9(• 51e.e1 .. ~~e. ir• 578.80 578. B<• 

Entrqy - • • • • • • • • • • • • , • l48'. {'(I ~·e•. <":i :~e4.N) 2484,M ~m.l'IO:· ~4~4.~rl 2484.00 2484. 0(· 

labour, dirtct ••••••••••• 808. !4 e~'B.: • 9·~S. H B/8.14 a~•B. ! 4 S';~,: 4 808.14 9<•e.1 • 

Rtp•ir, 11int1n1nc1 Ill I II t ' Ill Ill I 500.00 ~IJ(•, t:·(· ~·:·•:•. l (• 51JCt,:•1) ~/'\l,t)(• !·ii.•. ()~1 ~OfJ.00 ~·~~. ()(• 

Spil'H . . . . . . . . . . . " . ' 250.CO ~SC·. !'A ~Sv.00 ~~(·.Co) 2~~.H• ~~1). , •• ; 250.00 :~o. ·:·'1 

F1cla."'Y Qvtrht•ds ....... ' . m.5o rn. ~l~ 1:1.~~ m.5'1 :n.~o :=L !:~ m.~o i .. ' .,, . ' .. "' 
-·-----·---··· 

_______ .,. __ ·--- .............. ·-· ·-··-·--·-· .. ·- ............... ... . . . ... ... ... ··········-···· . .............. 
futary casts . . ' . . . . . . . . 24179.H ~4tn.H 24179.14 2m,, 74 ~-P~. 14 W7,,i4 2417'. 74 ~4\71,14 

ilcl1i1istr•tiv1 cverht•ds •••• , • :m.so .~42. ~C· 342.'SO ~·2.50 3C2, ~ti !~Z.~t 34~. 5Q !4~.5~1 

lndir. costs, s•l•s •nd distribution 500,00 S&0.1)(1 5~0.00 5•}0,(10 ~O(l,00 ~·)1), ~o 5•)0. 0(1 ~~(!. ,,~ 

Dirtet casts, sales •nd distri~ution 1185. 55 t:SS.!~ 1135. 5~ 1195.5~ 1 \!~,. ~~ i ~ff!·'!! 1195.55 t :e~. ~~ 
..., 

Otprtei•tian •••••••••••• 2448-~1 2ua.~: me.~: 2~9R, 31 2•)~~. ~! :,· -.e. 7! 2049,31 2c.•e. ! 1 
.. 

Fin•ncial casts .......... 1716.9~ 1sn.ia 1•:~.£0 I ~c ~ ~~ :!44.~\ : ~·JL !.~ 358. 48 ~I!. 4•> .... . . . 
---------··--.. 

________ ........... -···--···-·--·- ................. .................... ---~--~-····-- ···---········ . ............... 
lol•l prediction cost' ••••••• J03n.u ~·)~~o ... ~s '·)OS~.!!') ~"~~~.82 ~·4~0.74 2'~.·~]. tL 29164.SB ~·~2!. ~,, 

•••••••••••••• sw•:1•=:.111n1111 T 11:::•:-i,ti::i:~'I 111a118Wll1il$'!~ llT•at;18&l•WSSI l11S~•TW~SIJ•I llS~SIW91•1811 1. 1•1;a:ir.a1••• '" 

Casts per unit I s\nqlt product I . o.oo '), 1i'.l ('. 00 0,M •),•){I r1. ~'J o.oo c.-:.o 
~f it fcreign, 1 •••.••• , •. 71. •1 n.n ?!. 64 71. ll 71. I~ 'I.•); 70,89 7(-,74 

Cf it viri•~le,l •••••••••• 78.SS 78. ti 711. ~(! eo. i2 91.M 81. 41 81.8~ s:. ~! 
fold hbour •••• . .... 943.t.4 ec.t4 ~·=-.h4 94~. b4 943.b4 ~4~.b4 94l.64 94~.t4 

--------------------------·---------------·-----------------------------·-···········-···-------·-·······························-~···············-····················· 
A~E~N DU~T!lE IRON PffE ••· +•••••++ 



Cashflow T•bles, ir (1~~ ~'5! 

Ye1r •.•..•• , • 1989 1~9(• IQ91 m2 1~1~ 19?4 :o, 1'96 

Tot1l casn i,f la• .. 4834. 71 '6604.~9 !S:m.fj U:19~.S4 J~~H. 49 49~11~. 49 (968~.(0 '9oe~.oo 

·-----------·- ----···-----"-- -----······- . ···---···· ·---· . ·-····· ........... ----- .............. . ..... ~ ......... . ............... -Finantiil rtsourcts • 4834. ?I 36604.C>S 47~.6~ ~~5.59 ~111.49 319.i~ ~. 0~' ~.o•:· Silts, nt~ of t1x • , o.oo t•. (\\\ :oo4.F· ;:94:·.M '~~~I).:·•:· ,,~3l1 ' <··~ 4~~e~. ~r. •9~80. '.'(• 

Tal1l cash ~utf?0tt •• 4862.70 37705.19 a~1:.2; 22! ~~. 6'' 31835.~0 4:457.~: 4!!~o1.:1 4 Ut!. ·~ 
-------------- -------------· ------····· ............ ··---- .................... . ................... .................... . .................. 

!ahl Hstls . . . . 4834.70 36604.09 2991. ·~ 1!5'.81 J 8l 1, )4 ! ~·1'.'' ~t ~·. ,. \ o.~~ Optratinq costs ••• o.oo 0.00 !!17E.6•) : '277. ;4 :'4~C' ~-. 3 ! ~::1·'.L: :-~~! e. 49 32219.49 
Cost of fin1nct ••• 28.00 llOl.10 i:4~.,·) ~!~~.=o ~! 'c, :.:. ~:4l.~~' :ii.i.2') 2003.12 Rtp1y1tnt o.oo o. C-0 t '"" o.o~ ~. ~··' L, I t11:· 2~'4.CO 2044. 0(' ..... ... 
Corpoutt h1 ... o.oo o.oo ~· I I~• : 1:es.~: ~~:5.R~ 3144.~9 ~144.~0 5201. !: Di vi dt11ds p .. i d ... o.oo 0.01) •:'. \~!~ C·. ~··:· (·. (··~ (• ...... '.'.(''' 0 '''" .. " ... 

Surplus I dtfitil > -27.99 -1101. ll .q~, f,1) 21m,9z !744,C•!/ s:41, 11t 0 '.,, .. ~ . 
'-e I. ,1, ' ~ 871!.~8 

Cuiaul1ttd c•sh b•l•nct -21.99 ·1129. IO -2:)~~·'"' eo.2: 6~1'.-1. ~2 !!-149, 29 :.7~7~, (1! ~1486.!0 

lnfl•, lat•l 3227.76 :3115.20 :~~(:~. :·~' :u5, ;:~ ~~o~.9' =!C.C,112 n13,o;. ~373.00 
.... 

Outflow, laul ••.• 2652.20 2~10. n 4C4~' ~·) 6 7\i4, 50 9~7~.~! !!4~4. ~j ?~??~.=~ 11028.46 
S~rplus I dtf1cit l 575.56 3·)~4. 71 • t :)".) .. ~ ·:;::;.~~ -~46;,:4 - l:i~Z:. ~r: . i•)!~·~. ;~ -l~b~~.4b .......... 
lnflo•, farti~r. . . . 1606. 95 31208.SS !~'.'?&,;: ~..,~~·). i6 ~:o~&.5? 4?4?8.~7 47~<)7 J•(• 47307.00 
ilutflo•, fcrtiqn ••• 22J,,SO 353:;4, 7i:. , 10"'1 l" 15~~~.('9 21~~4.~~ ~9~~3.~:' ~~~P.;.. ~··· 2SC9,9b ... '~· .. 
Surplus I tt~icit ~ . -60~.ss -41~5.£2 ~\)J,b~ ~ '~9.1a m1J, ~~ !"C65. ~t 157~~, o~ 18867.~• 

••t t1shflo• •.••• -4834.70 ·!&604.C·~ !~);,M ~(·?!, 1~ :a9~. ~~ 1 '.·~89. !~ '.::1~,,~ !2:58.70 
~u1111l .. ttd ntt c1shflo• -4834.70 -4!438.7~ -4~:·2~~·. : : ·75!!\.01 -~'2~~.~e . ! 6!~~ .. ~ ~ .. 1:!11. ~n 7999. ~·: -------·--·-·-··--------· ------· ------------------- ... ----.................... -.... "' ..... -- •" ...... --. . . . ... . . .. . . . .. . . . . . . .. .. .. . .. .. . . . . . ........ ·---· ................ .. 

~·1~~~tJ ~l!Ci!LE !~~~~- f !:""~ , .... .,' ••• • 

n 

= l:r' 

"" ... 
i ,.. 
=-... 
" • 
I .., 

l:r' .... .... .... 

Ii . 

i 
= 
i 

""" '" 



Cashf 1 ow ta bl es, 

Y1ur •••••• 

Total cash inflc• 

Fi"ancial resources 
Sales, ~ft of tax • 

Tota! cash cu!flo• 

!otal asset~ .. 
o~~riti~; ~~sts . 
c~st g; f!~1r.•~ • 
Re;:ayaent 
:~rp~r ate ta= 
D1viden~s p1:d 

S~r?l~s I ~Pfic1t I 
~ua~!at!j :J;~ tJ:a~cl 

l::flc11:, :J:a~ 

Ot.~fl:i11 1 l::ci! 
s~rc!us ( ~ei:ci~ ) 
lr.!iJ•, i~~!1;r. •. 
Outi!o•, for!i~n .• 
Su~pla~ I ~~f:ci! I 

1997 me 

496Sll.0(1 4968\1. (;~l 

------------ -----·--------
O.M o.~o 

49690.00 4'1680.CO 

41392.57 412=16. :'l 
------------ ----- ---·--· --

c.oo O.•:·O 
3~219.48 ~mq.~a 

1860.04 J7U.. 9.!i 
2044.00 2044.~0 

5~59.05 5~1~.~9 

o.oo 0.00 

a2•n.u 3~9:,:1 

39784.02 49!6?.:'0 

237l.OO 2373.00 
13085.69 nm.'1: 

·10712.69 ·10769.l'~ 

47307. 00 4rnH.~O 

2829.!i.88 ~S:!~. SO 
19010.12 191~3. ~~· 

l220!.47 12144.2• 
323~4.7~ 

in {{~· .:51 

:~~' 

4q~:F1, ·j·" _________ ......... 

j, :"·~:: 

BlSO.:) 

41~: ·: .. ~?. 

------- ·-·--··· 
· ...... ,, . 

::~:~.~~ 
1 s:-"!'• :Ct 
t ._I •\ t ..,,.; 

20HJC 
s:7:.:! 

', :·,"\ 

?.~ .«; ~. ? ~ 

~b~~t. 1:: 

~~--.... · ·'• , ~- '\.'. ~; 
4 .... ' ~ I I .; 

-:m··.:: 
47•,1• ..... ..... · 
~a·:·:(•,~~ 

!9:~!.~~'? 

1 ~:·;~,. ·.~ ... 
tu: .. ,: 

i(l\)1) 

i~ £~.·~. o~~· 
-·-· __ ............. -

!.~~ 

40~~~ .. '') 

•l: '~~ .. )l 
••" - " •" .,_w •" 

) . ';') 
~:::~.,~3 

14 ~I). ~(1 
:J~•. ii::· 
54:'). !4 

(•. 1)f1 

~~':4.97 

t:~~~.!n 

~:~~.t)( 
1 .... C' ":" •g ............. 

-:(·~tM. ~~ 
. ..,,, .. ., •'11' 
·~ . . . . ' .. . 
~ 7 ~:~ :~. ~~ 
. ~ •·o "'! . ... .. . . .... ~ 

l ~·: :~' i ~ 
~ ':~ ~ ! • 4u 

~1):·: 

~ 0 beo. X· 
......... -- .............. 

1; I 0~11) 

tWDJ''.' 

41 :~~. ~ :· 
........ -- .... ··-·· ... 

t), C·~ 

::~.1.t.n 

~:p1,:: 

:r.·~"' ('(1 

3 ~ ~ ~' ~q 
1' I ~,j) 

~~!\.({ 

.. ~.,::. :11 

:. : ~: t ·:·f 
::~H.14 

·l !~·~· .. 4! 
~ .,., .. J., 1· ,·,, 

'f• •'·.' • 

~ ~., :. ~' 5 ~· 
1or.,~,44 

~:c~:. 1: 
i:s:.,;4. ~ 1 

U·~~ 

~n~:: ''i·: -----· ............. 
·:' t'.•'• 

4,•:.er.,. 

4 ! ·~e·:. :~ 
.............. .. ... .... 

···,I)'.! 

~~~;;,4'3 

: ! •l4. b4 
: ,)4 4. 'l(i 
::~ ": .. ~)~ 

~. (·::: 

~1~ = ~.:" 

P.::~G. :: 

I'•• \o" 
""'•I•• 

; :.: .. ··:. t 7 
·'.!!2~.~7 
l::.r·,. (·(: 
:7~~L ~· 
:q~7~,. !: 

1: :e~. 4r. 
e·::•:B?. ~n 

:·'~'~ 

4: .~.f~:' ',' ·, 
..................... 

·,.,.,,, 
p~~r.·.(•(1 

4(~9~ t :·'.· 

............... -- ...... 
(-. •):) 

~7::c. ~~ 

l .'ti::; I 56 
~·:1 44' ,· ~ 
!i'!:2.:t 

C· ,·.,· ... 

·~!a:. ~i:· 

~I.:~• : ' 

~ .• .,., :'i 

::~;,~ .. ~' 
· l t: ~= .•. 

·1., ~.(·"'. ·'. 1". 

• • t .. :. l,' 
•' 6i .J\,< I 

I";:~'':', "'" ..... ""' 

f ., .. : .,l 
I I • ~·I (I"' 

C?:9~7. ;b 

~t'.ltH ..... \t: 

~Qf.e~. ·)·:- ~;:.s·;,')O 

--------·----- ~"··-~---~--
o.oo 

49bBO. M 

41;9! 1. 46 
.. .. ..... ... -. ···--· 

o. 01) 

:~m. 42 
=~9.43 

=~44. 0(• 
~7811.~i 

o ...... 

ai~e.~' 
~q7~(·. 4f 

.,"!,. .. 1'·1"1 
•II •'I ' ' 

I :t :L l' 
-;1:·4: .. ~ 
P".'7.(:· 
.. .,,.,:;r • .. 
.:. ........ 
~1)r.1; ! . !;,s 

11671.0: 
10:4~9.(~ 

I~• fo{: 

4'1i8~. i1·) 

40~ 2~. /;I 
...... -......... ~ .... 

(t,% 

~~2:~.49 

': ! '4(· 

~C44. :1(· 

~a•&. n 
,, t . .• .. , . 

BE54.:o 
:~e~c•.1~ 

:!7: . . ~(' 
t • L," •• ......... ·' 

.. 11~(1(1,:: 

4 ": .:: 7. ~ .. ~. 
:~:~:.:~ 
:·· :!. -~ 

: : ~:;. -~ 
! : :i: ~·: ' $;; N~t c1shf lc• •... 

Cuaulat!d net cashflow 
------------------------------------ ----------------------·-··---·-·-·-··--··-~--···-----------------····-----------------·--··--·····---~---··-··--·--·- ... ······~· ·--· 

~0~00. 48 

ASE~~ ~urTl~E 1~~N r:PE --- +++~+••+!+ 

... 
0\ 



Cash flow Tables, in OvO USf 

Ytir • • • • • . • • . 1989 199(1 1991 1992 !993 !994 ms 1996 

Tot•I cash inf low .. 5721.200 37097.SOO 15329.880 2:.012. 520 37547.580 49970.721) 49630.000 49690.000 
------------- ------------- ------------- ------·------ ------------- ------------- ------------- ---------·--- . 

Fin•~ciil resources , 5721. 200 j709i.500 4~~.BS6 ;:m.5!8 29(1, 577 i'?~.718 0.000 o.ooo 
SilH, :itt of tu .. 0.000 O. Ot'I) 1ml4.(.·•!~ 24940.(1(10 ::7257.MC 491.81), OM 496EO. ui)r 49690.000 

Toti! cash outflow • , :m8.890 J819S.l20 14349.940 19661. 690 28327.280 36976.230 37214.blO 37121.600 ------ ... _____ ------------- ................ _ ... ~- . --- .. ··------- --- ............ ____ 
------------- -·----------- -------------Tohi assets .. " . 5720. 980 37097.020 2~4:.54~ 1425.1)57 1724.530 1805.625 o. 01)C1 O.IJOO 

Dper it: ng ~ti! t ! • • • 0.000 ' O.OCiO ~0~6. 160 n874.B:\' 20059.700 ib551. 711) 26551. 7l 0 26551.710 
Cost cf fin•n:e ••• 28.000 1101.100 2!4~ .. 200 214b.200 2146.21)0 ~146.:M 2l4t.:l)O ZOOJ.120 
Rep•ynr.t ..... 0.00(1 0.000 ~.coo !), 0(•0 O.Ol)i.· \), l)f;·i 2C•4 4, (l•JO 2(144.000 
Corpor•te t.x ... o.ooo O.t11)0 43~. 04t' :21~.6')9 43%. S5.1 ~472.699 64'~. ~.9~ bZ:1.777 
!h vi dends paid ... o.ooo 0.000 o. 01)(1 o.·l~o o. ~·(II) !), (I('•'.' (1,1)00 0.000 

Surpllls I deficit I . -27.680 -1100. 621 n,q43 ~·41'). S~l' ~~2'). 3:)1 l~F4.F<• !~46~. )~~I l~558.400 
Cu1ul•~ed cash balince -27.690 -1128.JOJ -14~ .. :.~! 5~62.47: 14482.!7~ :H77.21l(' ;.m2.w· S25C I. (150 

Inflow, loul 3937.000 5790.000 15•: ·1·:. 61j(1 :t)~:4, ~=!) 2073'. 7(·0 =•)7~4. ·1si:· .,. '"'"" .,. '· 20632.200 - ... • :. ~ ,'. ' • J'J 
Outflow, local .••• 3238.38(1 2639.460 4:94. lat b4eU:! 996Ull/ ::.~~~.~·ii) 1:9oe,, m 12946.s:o 
Surplus I defi~it I . 698.620 3150.540 ! ·:eq ~. 4 l C• 14~~~. Qy1) :(1 ~6t, '30 m~. :0~ ?~:.~.461 7685.38! 
Inflow, foreign ... 1784.200 ~1:01.soo :111. :'e; nse. n:i :ie12. ea~· 292~~. Q71) 290~7.BOO 29041.800 
Outflow, fore1qn ••• 2510.500 35558.660 ! !:· l ~ ~ t ] ~I) rneo. 460 18!-59.360 23701.W: z4~.~~ .S"C· 24174.790 
Surplu' I deficit l . -726.300 -4~51.160 ·99!~. 46~; ·8B~~.IS9 -154~. 42~ ~~::.4. Z:? mq.?;.4 4873.014 

Ntt tishflow ••••• -5720.880 -37097.020 1l ~~. 14: 'l:'l "J •""'0 1 ! ::6~. ~/·(l 1514•), 6111) :~t.~~. ~QC 16605.~ZO 1 J,,,, I t Y. t 

Cu1ul•tt~ ~et Cjshflow -5720.880 -4~917. 900 -~9t11UM -~::14. 7?,1) ·2(! 71,,B. 2~.(.r -~.~~7. ~ 45 i:o:e.oso 27633.~61) 

--------------------------------------------------------~-------~-------------------·-··--···-----·-··--···-----·--···-···--··----------------~----
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Cashflow tables. 1':·G t'2J 

Yea!" •••••••• • 1997 
19'18 iq9; 20t'~· ZOO! 20(·2 2~'03 2004 ~0(!!: 

Total cash inflow • • 49680.000 
4~~80.000 4~680. ~X' 411680.COO 496eo. 01)(\ mao.0% ms1:i.0M 

Fir.ar.cial resources • 0.000 ----------- -----------·~- ----------·-·· --·--··------- ------------- ------------· ------------- -----------·- --·--·-····· 
m.ao.o•)O ti?Wi. (•fJO 

Sales, net of tax • • 49680.000 

r,tal cash outflow • • 37028.600 

0.0(10 
49680.000 

3693!.600 

o.ooo 
49 680. 0(01) 

36B4i. 600 

o.ooo 
49680.COO 

36749.bOO 

0.1)00 
49680. 0(1:) 

36171.170 
Total assets •• 
Operating costs ••• 
Cost of finance ••• 
Repay1ent 

----------- ------------- ------------- ---------·--- ---------"···-

Corporate tax 
~1v1dends paid 

Surplus I deficit I • 
Cutulated ca$h balance 

lnfl~•, local •••• 
u~tflow, local ..•• 
Surplus I defi:it l 
l~tlow, foreign 
Outflow, foreign ••• 
Surplus I deficit > • 

N!!t c•shfl o• • • 
Cu1ulat~d net cashflow 

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

0.000 
26SSJ. 710 
1860.040 
2044.000 
6572.B:i4 

o.oo~ 

12651.4(10 
65152.450 

20b32.2'0 
12996.890 
7635.3% 

29047.800 
24011.710 
5016.094 

16555.440 
44199.000 

o.ovo 
26551.710 
1716.960 
2044.000 
66?2.933 

c.ooo 

12744.400 
7789b. s~.·) 

21)~~:!. l'CIO 
: 304t. ~7(• 

1 SS!.i27 
2904:'.SQO 
23eSB.b30 
5\SQ,m 

l ~S(•~i. J60 
60694.360 

1;. (1(•0 

~11s~1.110 

!~73.951) 

2044,000 
~on.011 

1), 000 

I ~837. 40\) 
il\' 7 ?.4. 2~0 

:(·03:. 2;)1) 
: ~~~t.1-, '1)~1) 

:'~~~. ! iq 

~1~·' 7. 90(1 
237•5.5'50 
:.J!~·~. =~·~ 

1,4~5.~eo 

?714~.t40 

o. ~·(l(o 
2655!. 710 
1430.900 
2044.COO 
6723.~89 

C·. 000 

12930. 400 
l '•36!4. :'OC• 

~%:2. :C•O 
13:47, !3C• 
1485. (o71 

2904 'i, 3\)(o 

2;:~1)~. 470 
.~44:' ~:~ 

l 64:)5. 21)0 
q:;s~c. 64l' 

o. i/1)(1 

~6551. 7]1) 

1i87.720 
2044. 000 
6887. 743 

1),000 

12qoe.a30 
:1is1:.so0 

~063~, 201; 
\'nl !. 78!) 
732i\ 4!7 

~9047, ef•(I 

23459. He• 
ss0e.•:~ 

16240.m1 
109795. 4(oi) 

o.ooo 
meo.ooo 

36679. PO 

o. (1:00 
26551.710 
1144.64~ 

~OH. 1)1)0 
6137.E20 

C•. OOCl 

13001. 93(1 
li957~. 31)(· 

Z•)l.:2. 2M 
l?Jbl.BeO 
7270. 34(0 

~9047. 90(1 
~3j ~ b •. 31 1: 

5731. 4q2 

lbl~0.4!~ 

1~s9es.qoo 

(I, ·)0(• 

HbBl),000 

j6585. !70 

o.oric. 
49680.0(10 

:S6492. w 

o. 1)1)~· 
49t91).:0((• 

~rn:. ;~~ ---· --------- -------.. ·---- -· ............ . 
1:..r100 

26551. '10 
WC·I. ~bl) 
21)44.000 
~qe1.e99 

, .. ,,,..,,., ....... 
IJ~94.3~~ 

:4~6:'0.100 

~0632.20~ 

13411.940 
12:~.2~2 

2~~~7.800 
7.~ 17~. ~Zti 

~.e~ 4 ,S°T2 

16!4~.!Q~ 

1~2126.~0) 

0.000 
26551. 710 

858.480 
2044.000 
70.17' 97b 

o.ooo 

13197.840 
155958.000 

2ob>i. 2vo 
13462.026 
717(•, l84 

29047.90~ 
2303C•. 151) 
6017.052 

(o, 1)00 
:b~~1. 1 :~ 

7::.4~0 

2044' •)1)(• 

70~E.054 
o. (,11)0 

13280.P40 
16913B.B~O 

2(1f,3 2. ~(1(1 
1~51Z.ti% 
1120. 11)e 

211(147.8(!0 
22887.070 
b!60.132 

16090.320 
159216.6(•0 

---~------------· ··-------------- ----· --------------·---------~-----~---------~-----·----·---·-·---·---------------------·-········--· 

! b04G. ~40 
p4;so. g(ji; 
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Cashflow Tables. ir. Ol)O ust 

Yt1r •• , •••••• 1989 1990 1991 1992 1993 1994 1995 1996 

Tot•l cash inflo• •• 4671.300 35639.000 15379.100 25082.040 37562.550 49992.550 49680.000 49680.000 

--------------- --------------- --------------- --------------- --------------- -----··--------- --------------- ---------------
Fin1ncial resources • 4671.300 35639.000 475.102 242.044 302.555 302.55:i o.ooo o.ooo 
Salts, net of t•x •. o.ooo o.ooo 14'104. 000 24840.000 37260.000 49680.000 49680.000 496(10.000 

Tot•l Ci5h outflOI •• 4699.100 36739.950 14799.460 20208.490 2894~.900 37665.400 37949.110 37863.260 

--------------- --------------- --------------- --------------- --------------- --------------- --------------- ---------------
Tot•l 1sstt1 • • • • 4671.100 35638.850 2856.263 1403.492 1680.067 1760.293 o.ooo o.ooo n 

Ottr1tin9 costs • • • 0.000 0.000 9455.272 14267.610 20085,670 26207.790 26207.790 26207.790 
., 
Ill 

Cost of fin•nct ••• 28.000 1101.100 2146. 200 214&.200 2146.200 2146.200 2146. 200 2003.120 l:J" .... 
RtHYHlt 0.000 o.ooo 0.000 (l.000 0.0(10 o.ooo 2044.000 2044.000 

,_. . . .. . . 0 

Conor.itt tu o.ooo 0.000 341.727 2m.m 5031.970 7551 .119 7551 .119 7608.351 c ... 
Dividtnds D•id ••• o.ooo o.ooo o.ooo o.ooo 0.000 o.ooo o.ooo o.ooo " ., 

tr ,_. 
~ 

Surolas I dtficit > -27.800 -1100. 953 579.642 4873.555 8618.650 12317.150 11730. 890 11816. 740 ID '° . Ill 

Cu9Ul1ttd c•sh b•l1nce -27.800 -1128. 753 -549.112 4324. 443 12943.090 25260.250 36991.140 48807.880 I 

:IC 

lnfl1>1. loul 3097.000 4623.000 15161.810 20116.b!O 25191:1.960 30053.560 29920.BOO 29'20.800 
., .... ,_. 

Outflo•, loul •••• 2538.600 2051.352 5332.846 7988.598 12319.190 16431.460 15948.060 16005.290 
., 

S.rolus I deficit l 558.400 2571.648 9828.962 12328.010 12879. 770 13622.100 13'72. 740 13915.510 Ill . .... 
lnflDll, forti9n ••• 1574.300 310111.000 217.295 4765.436 12363.590 19929. 000 19759.200 197511. 200 

., 
DutflCN, fortiQll , , , 2160.SOO 34688.600 9466.616 12219. 890 16624. 710 21233.940 22001.050 21857.970 
S.rglus I deficit > . -586.200 -~672.602 -9249.320 -7454. 456 -4261.120 -1304.945 -2241. 850 -2098.770 

lilt ushf lc111 • • • • • -4671.100 -35638.850 2725.842 7019.754 10764.850 14463.350 15921. 090 15363.860 
Cu1ul1t•• ntt c11hfla. -4671.100 -40309.950 -37584.110 -30564.31>0 -19799.510 -5336.157 10584.930 26448. 790 

-------------------------------------· --------------------·-------------------------------------------------------------------------------------------·---------· ASEAN DUCTILE IRON PIPE ··- ++++4 
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Cashflow tables. in 000 USS 

Ytir •••.•.•.• 1997 1998 1999 2000 2001 2002 2003 2004 2005 

Tot•l c•sh inflo~ •• 49680.000 49680.000 49680.000 49680.000 49680.000 49680.000 49680.000 49680.000 •9680.000 
--------------- --------------- --------------- --------------- --------------- --------------- ·------------- --------------- ---------------Fin1nci1l rtsourc~s • 0.000 0.000 o.ooo o.ooo 0.000 o.ooo o.ooo o.ooo o.ooo Silts, ntt of t•x •• 49680.000 49680.000 49680.000 49680.000 49680.000 49680. 000 49680.000 49680.000 49680.000 

Tct•l c•sh cutilo• .. 37777.41C 37691.570 37605.720 37519.870 37573. 980 37488,140 37402. 290 37316.440 ~7230.~90 
--------------- --------------- --------------- --------------- --------------- --------------- ·------------- --------------- ---------------T~tal •ss!ts •••• 0.000 0.000 0.000 o.ooo 0.000 0.000 o.ooo o.ooo o.ooo Ocer1t1n~ costs ••• 26207. 790 26207.790 26207.790 26207.790 26207.790 26207.790 26207. 790 26207.790 26207. 79' C~st cf finance ••• 1860.040 1716. 960 1573. 880 1430.800 1287.720 1144.640 1001.560 858.480 715.400 Reoavunt ..... 2044.000 2044.000 2044.000 2044.000 2044.000 2044. 000 2044.000 2044.000 2044.000 Ccrpontf tu ... 7665.583 7722.814 7780.046 78J7,2P 8034.472 8091.705 8149.936 8206.169 8263.400 Div!dt"ds o•id ••. o.ooo o.ooo o.ooo 0.0110 0.000 o.ooo o.ooo o.ooo o. 01)0 

00 Surolus I deficit I 11902.590 11988.430 12074.280 12160.130 12106.020 12191.860 12277.710 12363.560 12449.410 0 . 
Cu1ul•t•d cash bilance 60710.460 72698.891' 84773.170 9693~.300 109039.300 121Zll .200 133508.900 145872.400 158321.800 
lnflo•, lout ' ... 29920.800 29920.800 29920.800 29920.800 29920.800 29920.800 29920.81)0 29920.800 29920.800 Outflo•. Joell •••• 16062.520 16119. 760 16176.991) 16234.220 16431. 410 I 6488. 65'' 16545.880 16603.110 16660.340 Sur~Jus I deficit I . 13858. 280 13801.040 13743.810 13686.580 13489.390 13432. l;•tJ 13374. 920 13317.690 13260.460 lnf11111, fonion ... 19759.200 19759.200 19759.200 19759.200 19759.200 19759.200 19759.200 19759.200 19759.?00 OutflOll, foniqn ••• 21714.890 21571.810 21428. 730 21285.650 21142. 570 20999.490 20856.410 20713.330 21)570.250 Surolus I dtficit I . -1955.689 -1812.611 -1669.531 ·1526.451 -1383.371 -1240. 291 -1097. 211 -954.131 ·811.051 

ht cuhflow .••.• 1:1806.630 15749.390 15692.160 15634.930 15437. 740 m8o.5oo J5J23.270 15266.040 15208.810 C119Ul•tfll net c1shf,o• 42255.410 58004.800 73696.970 89331.900 104769.600 120150.100 135473.400 150739.400 165948.JOO 
·---------·--·--------·------------------------------------------------------------------------------------------------·------~---------------------------------------------------· 
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SehsitivitY of IiR - Philippines 

Sensitivit9 of IRH 
internal r-ate or return 

~Wt JJl~JILE IRON PIPE 
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__ operating cost(s) 
____ initial investRent 
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Sensitivity of IRR - Indonesia 

Sensitivit!I of IRR 
internal _.Ate of retum 

~.FM -~TILE IKOH PIPE 
J~JA 

, • l 

I lS 

I 3fi 
! 
I 
I 25 

128 
115 

18 
I 

I -28 -18 

_ sa.les price(s) 
__ operatill! cost(s) 
____ initiill imJeSt.-,ent 

8 18 28 
variation in '.I. 

llOIEX V-B 
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llflfEX V-C 

Sensitivity of IRR - ftalaysia 

Seasiti•ity al •• 
iwter.I Nte al retm. 

35 

-
25 

28 

15 

18 

-28 -18 

IUCTll.I JD Pim - MLAYSJA 
MD Utzl<ll 

~-~-···· 

_ •les ~ice(s) 
__ operatinr cost<s> 
.... initial iwwest..ent 

8 18 

- -..... 
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Indonesia 

f!C~'.: ~ :::~S~:""J:~?~. tC ";~~~= i:~ ~re:~::::

::.; .. :"":-:; ::~-:·,·!-r:!~:"" :-J:e:.: 

= - ·r1·- • • • ... - ..... ::.:"" -·•• . - -~-. -- , '" ..... _,. 

. . !.( .. __ 
'!' • -.: • . .. 

lJlllEI YI-A 

------·---------------------------·---------------------------------------------·-----------------·------------··------------------
Total initia! invest~e~t 

:::: . .;-· 
~--·- ~--- ';~ ., 

------·---·---------------------------------------------- --------------------------------------·----------------------------------
S :J!.iZ-:: e --· ..., . 

~ - . !:': -.-. ·.: .· .. 
:::t::;~ !c;~s 

::::;: !ci:s 
i ::::!~ 

·- --~· ·-
.... : :··.'. ::· .. 

r:·o ~.-. 
.;.~ .;.w. ·. 

-----------------------------------------------------------------------------------------------------------------------------------
Cashflow from cperati~~s 

t~E!'E:~ ~O!"~i;: 

tc!a: s.a:e; 

grls~ ir.c.:iae 
net inc::e 
CiS~ hl•"ce 
~et cul:f!o1 

Net Prner.t value 

~c-:.:.. 

;~eE:: 

'.'S.93 • 
14~:14.0C! 

!·j:1.b2 
:.10.ss 
B37.40 

2'?23.6~ 

a"• ..• 2~.C 1i z 
!nte:"~i! Ri~!! 'lf ?.t~!.:~l".: .,, ·~ .... r.. 'l 
F.etu ... :: Ct! e~:.1; t¥!: ::7.Sb ~ • 
Re!.:rr. er ,,. .. , ... -:. ...... -, .... 4U7 ., . 

: 

• - . .. . = ... 

I 1'f ·= ; . 
, .. ,: ......... 

::a:.~: 

m:.49 
";~s.:! 

3~~4.:2 

t:. :-:: -. . .. -... -

rn?J.'! 
8987.5: 
9J32. ! ? 

129Ct..9? 

-------·-------------------------··------------------·-------------------------------------------------------------------·---------
Index of Schedules prcdc:t~ ~! C~!'~~c. 

iot•l 1n: t ul i nvntHr.t 
Teti! 1r.vest1rnt dur1r.9 prcd~ct1or. 
Tct•l pra~~ct1on c~sts 
Workin9 C•p1tll r1quir11rnts 

Cz~~ll~w '.z~!e;. 

Proir:te~ &a:ancr 
Net i~co'e st•te1e~: 
Sour:e of 4inin:e 

• 
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llah1sia 

:s~ c •• - !.E 

:::r~ ~f ~!:::::::: 

!1:::5 
-..... -- --- .: 

i:::-.:::::; 
:----·-·----------:: 

1lllfEX VI-8 

------------------------------------------------------------------------------------------------------------------------------------
Total initial investment 

:::::: 1ss;:s: ::: ..• : ~ :::::;: -. . . . . . 
::!'~=~: :.;s=::: .. . . . . .. 

~ --·=· --. . .. ----·:-::::_ :!::~s: 
,. , .. .. . .. 

~ :::=:-;: .. 
~-':- . . ... 

------------------------------------------------------------------------------------------------------------------------------------
Source of funds :::s:~:::::: ;::s= 

:'::~.;. --·=.- ...... --- ... --:·· 

... :::. 
;.,.:.: ..... -.......... : ... 

-------------------------------------------~----------------------------------------------------------------------------------------
Cashflow from operations 

::::: 
:;:~::::; :::~s: 

;::~:::~:: ::sts 

;r~ss :i:::ae 
;:e: in:o1e 
:ast bah11't 
:e:: :u:.fl~w 

le: Fresent 7alue 

~. ' - .. : ;,: . ~:: . ''; ~ .. 
"'"·· .:. ... ....... .. 
.;. ... ~: ...... 

.. .. . . . . . 
-~ '!: ~. ::..: 

.. •:"':. ~.· 

... i ... ,. .. "• 

·:~.u 

m.51 
m.JS 

at: ~=-~o ' = 
Internal fate of !etur:: 2!.U ' 

C0.73 \ Return ~n equit!l: 
P.etur: ~t e~~ity:: C5.3~ ' 

.. .;. .......... ... 

.. .. , .. . ... 
.:. . ., : .. -... 

.. "' ..... .. 
L ~ ..... ~ 

~;~3 .. ~5 
;7~: .. c; 
rn:.2~ 

mu~ 

~ :t\:! :c .......... ., 

- , 'c ~ . 
~ ........ ,_ 

• 1~ .~i: '' """' .. ,._ .. ,., 

.... "',,. .. ,,. 
; '.c •..• 

.. .,., : '"! ;: 

. "' "'' ..... 
7051.C: 
W2.~5 

1ma.:s 

---------·--------------------------------------------------------------------------------------------------------------------······ 
Index of Schedules ;r:!m: t! :~!m 

Tcta! ini:ia! in~est1ent 
T~tal i:::st1ent duriu; pr~~~:ti~n 
~~ta! pr:~u:ti:~ c~sts 
loriin; ~a~it!l require1e11ts 

~uHloil Ta~les 
Pr:je:t:: Ba:!r.:e 
let inc:st St!tta!:.t 
Seur:e :f !ita::: 




