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l. 

REVIEW CF FIRST Pt-IASE FINDINGS 

1. INTROOU::TION 

This chapter summarizes the findings of first phase of work and in fact of Interim Report 

relating to : 

• the domestic market of nitric acid-based products 

• the ex~)ort putentialities 

• the prescreening of projects 

As recalled in figures l and 2 which illustrate the main routes of production the main 

products derived from nitric acid and one of its key derivatives, aniline, concern the 

following fields of application : 

• nitric acid itself 

• fertilizers, more particularly ammonium nitrate and calcium nitrate 

• explosives, with emphasis on ammonium nitrate and mention of nitrocel 1•Jlose, 

nitroglycerine and TNT 

• nitrocellulose, in coating outlets 

• polyurethane foams and their raw materials, isocyanates (TOI, MDI) 

• pharmaceuticals, with emphasis on paracetamol and to a lesser extent on sulphamides 

• pesticides, more particularly carbofuran 

• rubber chemicals which derive from aniline 

• dyestuffs, in so far as their production can be justified downstream an aniline 

production 

• sodium cyclamate, with its raw material cyclohexylamine 
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4. 

2. OOMESTIC MARKET OF ffiODUCTS 

2.1. Methodology and Sources of Information 

Different sources of information were inveatigated and crosschecked in view of a 

precise eva.~uation of past and present demand and market pattern as well as present 

and likely near future status of industry : 

- Trade statistics from Indonesia and majc;r exporting countries 

- Detailed field survey with visits and interviews of the me.in consumers, industrialists 

in lrdonesia 

Available information ir. BEICIP, in other organizations, completed with contacts 

and visits to some major f:xporters of products 

A list of Indonesian firm:> contacted or visited is given in table l hereafter. Main 

contributors to the analysis and data on specific markets are : PUPUK KUJANG 

(fertilizers, explosives), BPPT ard PERUM DAHANA (explosives), PT LINSEA 

(nitrocellulose), PT RIA SIMA ABADI (paracetamol, paraaminophenol), PT KODEL and 

AGROCARB (carbofuran). 

The evaluation of future status of industry and future consumption ard market is then 

based on the knowledge of new projects which have been applied for and on a sectoral 

analysis approach. 

2.2. F mdings on the Domestic Market and Industry 

For each specific product or field of application the domestic market as well as the 

status of local industry were investigated. Forecast volumes are summed-up in table 2 

hereafter. 

ln~JP.nieur conscil 
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Direct uses of nitric acid itself are rather limited in steel industry, in metal pickling 

and for small chemical uses. 

Among the nitric acid based fertilizers ammonium nitrate (fertilizer grade) does not 

find and will unlikely find outlets in the near future in Indonesia, due to : 

• the existence of well developed habits and infrastructure for its competitor urea 

• the safety aspects for handling and the hygroscopic nature 

• the difficulty to build a new subsidizing policy and to educate people 

On the other hand ~alcium nitrate has already found a market in tobacco crops which 

is likely to grow in the short and medium term. Potassium nitrate will represent only 

minor tonnages. 

Ammonium nitrate (explosive grade) is by far the major product in the explosive 

sector, with the following estimate by main users, where it appears the higher growth 

will come from uses in coal mining. 

Tentative foreca~ts of amn;ionium nitrate demand (Technical grade) 

in Indonesia by main users, (in tons) 

1986* 1993 1998 

(BEICIP estimate) 

Cement industries 3000-3500 SOOD 6500-7000 

Coal mining 1500-2000 5000-6500 6000-8500 

Other mining 1500 

3000-3500 3500-4500 

Other (civil works ••• ) 1000 

TOTAL 7000-8000 13000-15000 16000-20000 

lnqf'mic11r c:onsEil 
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Evaluation of the market for military explosives (nitroglycerine, TNT, nitrocellulose) 

shows relatively low tonnages, with the possible exception of the latter in the medium 

term. 

On all above products (nitric acid, ammonium nitrate - explosive grade, possibly 

calcium nitrate) PUPUK KUJANG has applied for a project of production which was 

analyzed. Such a project starts from the future availability of an excess of ammonia in 

their existing ammonia I urea complex. 

Nitrocellulose for coating outlets already represents significant volurnes for which two 

competitive projects of production have been applied f01·. 

For the evaluation of toluene diisocyanate (TOI) and MDI markets, the polyurethane 

foam industry was surveyed. Rigid foams sha;e very low quantities in the total 

production and even with significant rates of growth will lead to small requirements of 

MDI. Flexible foams will require more significant volumes of TOI. 

In the field of phannaceuticals a production of paracetamol (and soon of 

paraaminophenol presently under construction) will meet the requirements of the local 

market ; other nitric acid-based products were investigated : sulphamidcs and 

pyrazolones. 

Among the pesticides the main product envisaged is carbofuran (from 0rtho­

nitrochlorobenzene as raw material), since another possible outlet, fenitrothion, has 

been banned from last NO\'P.mber. Here again a project for producing carbofuran is 

planned by several firms in a joint operation. 

Rubber chemicals consumption will directly follow the production of rubber articles, 

chiefly represented by tyre manufacturing. For each group of chemicals -accelerators, 

antioxidants, antiozonants, retarders - the potential aniline requirements were 

measured, leading to small amounts (up to l ODO tons in 1998) of aniline. 

Dyestuffs, insofar as some of them can derive from aniline via their raw materials, 

aromatic amines for azo dyes, were investigated. 

lngerneur consfJil 
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7. 

Estimates of the total dyestuff consumption (6 500 tons in 1986, at least the double by 

1998) correspond to small volumes - a few hundred tonnes - for tne one or two most 

common raw materials directly derived from aniline. 

Sodium cyclamate is produced to a very large extent, giving to Indonesia the leading 

position in the world as regards the consumption of this sweetener. New regulations 

will however lessen the demand and lead to relatively small requirements of 

cyclohexylamine, its main raw material. 

lnqenieur r:onseil 



TABLE 1 

LIST OF FIRMS CONTACTED 

OR VISITED IN INDONESIA 

8. 

In addition to Official Organizations, i.e. Ministry of Industry, Ministry of 
Health, BPS who have provided the bulk frame of data on market and industry. 

Fertilizers 

PT PUPUK KUJANG 

Explosives 

PT PUPUK KUJANG who have performed a detailed market survey after enquiries to 
consumers 

PERUM DAHANA 

BPPIT 

ICI Explosives 

PT BATUBARA 

Nitrocellulose 

NITRACELL project 

PT LINSEA INC 

Polyurethanes 

PT VITAFOAM 

PT PAPOIC JAVA 

PT JAVA ABADI MULIA KIMIA 

RHONE - POULENC 

PT SUPER POLY FOAM 

lr.genieur conseil 



Pharmaceutic:.ils 

PT RIA SIMA ABADI (or DARYA VARIA) 

PT KIMIA FARMA 

RHONE POULENC 

Pesticides 

PT AGROCARB 

PT KODEL 

ICI 

CIBA GEIGY 

Rubber chemicals 

PT GOODYEAR and Association of Tyre Manufacturers 

PT INTIRL'B 

?T GMOJAH TUNGGAL 

Cyclamatec; 

PT INTI MANIS 

Association of Cyclamate Producers 

Nitric Acid 

PT ANEKA KIMIA 

9. 
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Table 2 

DOMESTIC CONSUMPTION OF NITRIC ACID-BASED FINAL PRODUCTS 

IN INDONESIA (in tons) 

Present 1993 1998 

Ammonium nitrate (fertilizer) 0 negl. negl. 

Calcium nitrate 6-7,000 10,000 13,000 

Potassium nitrate < 1,000 1,000 

Ammonium nitrate (explosives) 7-8,000 13-15,000 16-20,000 

Nitrocellulose (explosives) to be eval. to be eval. 

Nitrocellulose (surface coatings) 1,300-1,500 1,700-1,900 2,100-2,300 

Flexible polyurethane foams 14-15,000 19,000 22,000 
(corresponding TOI equivalent) (4,500-5,000) (6,500) (7 ,500) 

Rigid polyurethane foams 400-600 2,000 3,500 
(corresponding MDI equivalent) (200-300) (l,000) (l,750) 

Paracetamol 1,100 1,500 2,000 
(Paranitrophenol (1) equivalent) (900) (l,250) (l,650) 

Sulphamides 200 300 400 

Pyrazolones (antypyretics) 450 600 800 

Fenitrothion (2) 0 

Carbofuran 1,000 1,500 2,000 

Rubber chemicals 1,400 2,000 2,600 

Sodium cyclamate (3) 4,000 ab.l,000 
(corresponding cy clohexyll3mine equivalent) 2,000 500 

(1) 1,800 T /yr unit under cor.»truction, which leaves an excess of 500 T /yr over the 
r13quirements of the 1,500 T /yr parer:etamol unit 

(2) Consumption just cancelled after bann,ng. No forecasts for t:ie future 

(3) Order of magnitude in line with the intent of Authorities 

lnqenicur conseil 
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J. EXPORT MARKET 

J.l. Methodology and Sources of Information 

If we except particular cases (trade agreements, opportunities for exchange deals, ••• ) 

the target countries for export potentialities refer to neighbouring countries and 

chiefly to ASEAN member countries. 

Among the products covered in the domestic market analysis the export market 

evaluation was conducted on products easily tradeable and for which domestic 

requirements would nearly justify to set up a production L1nit. 

Sources of informat!on on the market and production status refer to trade statistics, 

published reports and studies, complemented through contacts with a few leading firms 

on t.he world scene. 

Emphasis was put on the competitive plants or projects in the area and on the policy 

which rr ."' be adopted by international firms in that respect. 

J.2. Findings 

Results of export market evaluation are summarized in table 3 hereafter. The forecast 

possibilities in the short and medium term represent marginal quantities in comparison 

with domestic requirements which ensure temporary exports at the start-up of the 

plants and more economical sizes and conditions of production, this for : 

• possibly nitric acid as suet:, if an excess is available from a local production 

• calcium nitrate fertilizer, to a relatively small extent 

ammonium nitrate explosive, especially in Thailand and Malaysia, in competition 

with a plant in the Philippines 

• nitrocellulose, if competitive prices are proposed 

TOI (toluene diisocyanate), with the same condition 

• paraaminophenol, to the maximum extent of excess production made available from 

the project presently under construction 

lngenieur <:onsP.il 
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12. 

• nitrochlorobenzenes, as raw materials for future paraaminophenol or carbofuran 

production projects in other countries 

• rubber chemicals, depending on the regional policy of firms ready to inve::t a 

production plant in Indonesia 

• sodium cyclamate or cyclohexylamine, to a much smaller extent in comparison with 

the Indonesian level of consumption. 

These export outlets were investigated without taking into account possible country to 

country trade agreements or special ex~hange trades. 
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Table 3 

EXPORT POSSIBILITIES FOR NITRIC ACID-BASED FINAL PRODUCTS 

(in tons) 

Calcium nitrate 

A1nononium nitrate (explosive) 

Nitrocellulose (surface coatings) 

TOI 

P araaminophenol 

Ni trochlorobenzenes 

Rubber chemicals 

Sodium cyclamate 

Cyclohexylamine 

Present 1993 1998 

A very few thousand tons 

3,000 

200-300 

1,500-2,000 

5,000 

300 

2,000 

A very few hundred tons 

A few hundred tons 

A few hundred tons 

A very few hundred tons 

A few hundred tons 

u. 
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4. CONCLUSIONS ON THE MARKET 

By adding forecast volumes on the domestic market and complementary export 

possibilities, future outlets for the most promising products were evaluated and reflected 

back to upstream product consumptions and raw materials. 

Table 4 hereafter summarizes these results at the level of potential consumptions for 

nitric acid and direct intermediates. Such amounts are based on various estimates of 

likely productions to be (or already) implemented in line with the evaluation of future 

domestic and export demands. 

As an illustration the potential consumption of 30 600 (up to 40 100) tons of nitric acid 

(100 % basis) in 1993 is made with the following : 

4 000 tons of nitric acid as such 

14 000 tons for the production of 

9 000 tons for the production of 

1 400 tons for the production of 

2 200 tons for the production of 

17 000 tons of ammonium nitrate 

12 000 tons of calcium nitrate 

2 000 tons of nitrocellulose (100 % basis) 

5 ooa tons of nitrochlorobenzenes 

to which may be added, in case of downstream productions at that time 

7 600 tons for the production of 8 000 tons of TOI 

and most unlikely l 900 tons for the production of 2 700 tons of aniline (on the optimistic 

basis of producing at that time an assumed high tonnage of 2 000 tons of 

cyclohexylamine, and justifying such a low size of production for aniline). 

ln~1enie11r r:onsP-il 
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Table 4 

POTENTIAL CONSUMPTIONS OF :NTERMEDIA TE ANO BASIC PRODUCTS 

AND NITRIC ACID (in tons) 

Ammonium nitrate(!) 

Calcium nitrate 

Nitrocellulose (100% basis) (2) 

TOI 

Drtho-nitrochlorobenzene 

Para-nitrochlorobenzene 

Nitrochlorobenzenes (3) 

Cyclohexylamine (4) 

Aniline (5) 

Nitric acid (6) 

Near Future 
(around 1988) 

10,000 

8-9,000 

1,500 

5,500 

1,500 

1,600 

4,000 

1,000-1,500 

20,300 

1993 1998 

16-18,000 21-25,000 

12,000 15,00G 

2,000 2,500 

8,000 9,500 

2,000 2,700 

2,250 3,000 

5-6,000 7-8,000 

500 (or more?) 500 (or more?) 

2,700 3,900 

30,600-40,100 40,200-52,000 

15. 

(1) Explosive grade. Exports limited to neighbouring countries, without taking into account 
specific deals with other countries 

(2) Nitrocellulose for surface coatings only 

(3) Size guided by the production of o-nitrochlorobenzene (35% of total mixture of p- and o­
nitrochlorobenzene) ; this leaving an excess of p-nitrochlorobenzene for further exports 

(4) Potential consumption of 2,500 tons per year in 1985-86; high rar.ge assumptions of 
2,000 t/yr in 1993 and 1998 

(5) Includes 2,000 t/vr for the production of 2,000 t/y of cyclohexylamine (high range 
assumptions) 

(6) Includes the consumption of nitric acid as such; no production of TOI and aniline in th3 
near future; range in 1993 and 1998 due to the production or not of TOI and aniline, this 
latter based on high range consumptions of cyclohexylamine. 
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S. PRESCREENING OF PROJECTS 

S.l. General 

Prescreening of projects to be investigated in view of further steps of the study and a 

preliminary but clear approach to decisions and to Master Plan implementation, was 

conducted. 

A presentation and 3nalysis of most critical factors or obtacles as well as a restriction 

of the number of projects were presented in the "Prescreening of Projects" volume of 

the Interim Report. 

The main critical factors to be taken into account are : 

Market size (domestic demand for all products considered, complemented with 

export opportunities for some of them) 

• Raw materials availability 

• Competition with World and I or East Asia in the case of productions achieved by 

very few producers worldwide 

• Obstacles for technology acquisition 

• Financing and investment opportunities 

Findings and conclusions of this screening step form the basis of the next step of the 

study, the prefeasibility evaluation of projects. 



-----------~------------~-----------------------------

17. 

5.2. Market Size 

By obviously reasons of unsufficient sizes of market, some productions are discarded 

as regards their implementation in the short and the medium-term, i.e. for meeting 

market requirements within 8-10 years from now : 

- ammonium nitrate as fertilizer 

- potassium nitrate 

- MDI as isocyanate raw material for rigid polyurethane foams 

- pyrazolone antip~retics 

- fenitrothion, for Jbvious reasons of official decisions already taken 

Same elimination applies due to the very low volume involved, for each intermediate, 

e.g. each aromatic amine, required in the production of dyestuffs. 

5.J. Other Major Critical Factors 

Possible constraints or decisive advantages were identified at the level of raw 

material availability. 

Direct availability of ammonia at low cost, due to its production as an excess from 

existing feedstocks, definitely gives a significant advantage in the economics of nitric 

acid and ammonium nitrate productions. 

Obstacles or constraints apply to some other types of production, which need to be 

carefully weighed at the stage of prefeasibility evaluation : 

- large nuinber of critical raw materials required in TOI production (chlorine and 

carbon monoxide for the production of phosgene as basic material, hydrogen in 

significant 11uantities) 

- specific quality for limestone (low content in chlorides) utilized as feedstock for the 

calcium nitrate production 

- quality of linkers to be used in nitrocellulose manufacturing 

lnqeniP.ur consP.il 
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- ready availability of some raw materials which, even found in tradeable quantities 

on the world scene, are in the hands of very few producers (para-nitrochlorobenzene 

for para-aminophenol, pyrocatechol for carbofuranol, •.• ) 

Access to technology and world competition, tran!>l8ted into the policy of few 

producing and licensing firms, will present other obstacles in th·~ prnJuction of fine 

chemicals, i.e. rubber chemicals (quasi-monopol from Bayer and Monsanto), pesticides 

(Bayer, Sumitomo, FMC, Rhone-Poulenc, ... ) or pharmaceuticals (very few producdrn in 

the sul;Jhd' nide chain and even less in the declining market of pyrazolone antipyretics). 

Another important constraint concerns the high level of investment and financing 

requirements which may be needed in some productions. 

This is particularly illustrative when a complete chain of production, from nitric acid 

up to final tradeable products, is envisaged, such as : 

chlorobenzene - o.nitroclilorobenzene - arninophenol - pyrocatechol - carbofuranol -

carbofuran 

chlorobenzene - p.nitrochlorobenzene - p. aminophenol - paracetamol 

aniline - :v!BT - rubber chemicals 

These obstacles may be overpassed through a logical schedule (or master plan) of 

ir:iplementation which, along time, plans several steps of production. 

It also applies to til•~ TDI unit which, by itself and for the production of its raw 

materials, requires a high investment in the order of about 50 MM US$, even f0r a size 

limited to 10 000 tons/year. 

lnqenieur conseil 
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PROJECT PREFEASIBIUTY 

1. CHARACTERISTICS OF PROJECTS 

1.1. Introduction 

As a conclusion of the first steps of the study - market evaluation and prescreening of 

projects - the list of productions to be investigated and evaluated in the project 

prefeasibility has been proposed, presented and agreed upon at the meeting held in 

Jakarta after submission of the Interim Report. 

This list of prescreened projects includes the following productions : 

• r.Jitric acid 

• Ammonium nitrate as explosive 

• Calcium nitrate 

• Nitrocellulose for surface coatings 

• Toluene di isocyanate 

• Ni trochlorobenzenes 

• Cyclohexylamine 

• Aniline 

• Sulphamides 

• Rubber chemicals (or MBT as raw material) 

The sulphamide project is not covered in the present evaluation, due to its quite 

particular industrial r:nvironment and to the difficult access to data reliable enough at 

this stage of evaluation. It appears however feasible facing an already significant 

domestic demand. Its evaluation requires a specific study which can only be initiated 

by di: ect contacts with foreign producing firms. 

lnqeniP.11r r.onsP.il 
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1.2. Sizes of Production Units for the Purpose of Prefeasibility Evaluation 

1.2.l. Nitric .\cid 

The determination of the size of the nitric acid production unit will depend on 

various aspects, at first of the total available quantity of ammonia estimated by 

Pupuk Kujang at about 47 tons per day, secondly of the demand of ammonium 

nitrate, the production of which reql'ires nitric acid as well as ammonia and finally 

of the respective demands in nitric acid of other derivatives. 

In terms of volume requirements and already established market sizes the main 

potential users of nitric acid are ammoniurr nitrate and calcium nitrate and nitric 

acid as such, total annual quantity being estimated at 27 000 tons (100 % basis) by 

1993. To this figure other potential quantities for other derivatives may be added, 

such as nitric acid for nitrocellulose and for nitrochlorobenzenes eo:;timated at 3 600 

tons. 

A realistic potential annual consumption in 1993 is estimated at 30 600 tons or 

92 tons/ day ; this figure could be increased up to about 40 000 tons if a production 

unit of TOI (later on and moreover unlikely due to various constraints) is set up. In 

daily cc.pacity, based on 3.30 days of operation, the size of the unit to meet this 

market would be comprised between 92 tons and 120 to 01s. Since the investment has 

the same order of magnitude in this range of capacity, the selected nominal daily 

capacity for nitric acid (100 % basis) is the higher figure, i.e. 120 tons per day, this 

for the purpose of prefeasibility evaluation. 

In coherence with a 47 tons/day ammonia availability and a 26,000 t/yr ammonium 

nitrate plant, the size presently planned by Pupuk Kujang for the nitric acid project 

is 100 tons/day (or 33 000 t/yr) ; this on conservative bases for yields in nitric acid 

and ammonium nitrate productions (up to 35 000 t/yr could be envisaged). 

For information on the nitric acid unit sizes on a worldwide basis, the capacity 

generally depends on the main applications, and especially if nitric acid is produced 

in view of either fertilizers or other chemical applications. 

ln9enieur conseil 
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1.2.2. 

Between 1968 and now, the sizes of nitric acid units built in the world, out of the 

US, can be roughly divided into 4 categories and the respective numbers of units for 

each category are as follows: 

- 15 units with a size lower than 100 tons/day 

- 12 units with a size range comprised between 100 and 200 tons/day 

- 40 units with a size range comprised between 200 c:nd 500 tons/day 

- 100 units with a size higher than 500 tons/day 

In 1985, in the US, the operating nitric add units with the same categories were the 

following: 

- 30 units with a size lower than 100 tons/clay 

- 25 units with a size range comprised between 100 and 200 tons/day 

- 10 units with a size range comprised between 200 and 500 tons/day 

For the planned projects the present trend in the world is rather towards units with 

a size higher than 500 tons/day. However there are three small projects in Egypt, 

Sweden and Australia. 

Ammonium nitrate (explosive grade) 

As indicated in the market survey, the production of ammonium nitrate as fertilizer 

is discarded for obvious reasons of unsufficient sizes of market. The unly ammonium 

nitrate production considered is the explosive grade, i.e. the low density er porous 

grade. The production of both grades in the same unit is not usual and not very 

advis3ble even if the first part of the production unit up to the prilling is the same. 

Some plants produce both grades but with a lot of difficulties. The reasons are 

numerous but mainly the production of low density or porous grade for explosive is 

more difficult to carry out because the product requires a better purity for 

preventing any explosion risk ; consequently it is necessary to operate by campaign 

and to clean the unit before the production of porous grade. Moreover the current 

sizes for units are very different, lOC tons per day for the explosive grade, 600-1000 

tons per day for the fertilizer grade. 
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The potential annual domestic market in 1993 is estimated between 13-J 5 OQO tons 

and the export possibilitias estimated at 3 000 tons, without taking into account 

speci fie country to country agreements or possible exchange deals. 

The sizes will be comprised between 20 000 tons (1993 figures) and 26 000 tons (1998 

figures). The investment for these two sizes is about the same. It is proposed to take 

80 tons per day as nominal capacity (about 26 000 tpa), this for the purpose of 

prefeasibility evaluation. 

For information on the ammonium nitrate unit sizes on a worMwide basis the 

capacities for fertilizer production, out of the US, are gt!nerally · igher than 500 

tons per day. 

Still on a worldwide basis the standard size for fertilizers is obviously much h;gher 

than the one for explosives. 

In the US in 1985 for both applications, the respective numbers for different ranges 

of s;zes were as follows: 

- 20 units with a size lower than 100 tons/day 

- 20 units with a size range comprised between 100 and 200 tons/day 

- 10 units with a size range comprised between 200 and 500 tons/day 

- 5 units with a size range higher than 500 tons/day 

For porous ammonium nitrate intended to ANFO explosives, the usual sizes are 

generally lower: the largest ones are higher than 500 tons per day, the lowest ones 

amou11t to 50 tons per day, for instance 50 tons per day in Tunisia, 60 tons pe1· day in 

Jorda:i. It has to be noted that information on existing units for this prodl ct are 

often considered as confidential by producers and consequently by licensors. 
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1.2.3. Sizes of Other Units 

The sizes of other units considered for the purpose of project prefeasibility study 

are the following : 

Calcium nitrate 12 000 tons/yeal' 

Nitrocellulose 2 000 tons/year 

Toluene diisocyanate 10 ODO tons/year 

Ni trochlorobenzenes 5 ODO tons/year 

Cyclohexylamine 2 000 tons/year 

Aniline 5 ODO tons/year 

Rubber cherr.;cals l 000 tons/year for the MBT plant 

Justification;; for these choices at this stage of the study are given hereafter in the 

chapters dealing with the evaluation of each individllal project. For certain units, 

sizes indicF ·.ed above do not correspond to the potential markets identified in the 

market study and are rather higher than thF:se -narket figures, in order to reach 

standard levels of either economic sizes or the lowest sizes of existing and planned 

units in th~ world. 

In U1e particular case of calcium nitrate and for information on the unit sizes on a 

worldwide basis it should be noted tti::Jt calcium nitrate, as such, is less used than 

before; being replai::ed more and r11ore by calcium ammonium nitrate, as by-product 

in nitrophosphate production. rhe sizes of existing plants vary between 15,000 and 

200,000 tons/year. 

New projects are thus very seldom althou_,h some units have been closed down in the 

last five years. Two projects are planned L1 Europe, in Norway with a 100,000 

t/year capacity and in Yugoslavia with a presumed 29,300 t/year capacity. 
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24. 

1.3. Scheme of Implementation of Projects 

The projects identified as potentially feasible in the prescreening may be implemented 

according to two different schemes 

either on the same location as the nitric acid plant and according to an integrated 

scheme based on Pupuk Kujang with the possibility of sharing land, utilities supply and 

general facilities 

or according to an isolated scheme independent of Pupuk Kujang, on the same location 

or different locations, which involves for the plant its own utilities supply and its own 

general facilities. 

The projects which belong to the first integrated scheme are : 

- nitric acid production 

- ammonium nitrate production 

- calcium nitrate production 

Nitrocellulose production project can be implemented either according to an 

integrated scheme or an isolated scheme. However, it is likely that, if only coatings 

grades are produced, the production unit will be more probably set up according to an 

isolated scheme. 

The other projects will probably be promoted and set up b.y private companies and can 

be built on other locations, since the proximity of nitric acid supply does not seem an 

essential advantage. 
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These projects are : 

- TOI 

- Nitrochlorobenzenes 

- Cyclohexylamine 

- Aniline 

- Sulphamides 

- Rubber chemicals (MBT as raw material) 

25. 

However, it should be noted that due to requirements of other raw materials not easily 

handled or transported (hydrogen, chlorine) some of these projects will likely be 

integrated i!1 other industrial platforms where these raw materials are available. rt 

concerns the aniline and cyclohexylamine projects for hydrogen requirements as well 

as the TOI project (chlorine requirement or hydrogen and carbon monoxide needs). 
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2. AVAILABLE TECHNOLOGIES 

2.1. Introduction 

The availability of technologies will vary according to the product. 

26. 

For relatively large tonnage petrochemical products like nitric acid and ammonium 

nitrate the situation is relatively easy since there are numerous licensors wh:ch 

compete extensively and are not always producers, hence not constrained to protec~. 

their market. 

For fine chemicals like pesticides, rubber chemicals, dyestuffs, pharmaceuticals, 

cyclamates, even nitrocellulose, the number of producing I licensing companies is 

relatively small. They are generally multinational companies which de-velop their 

markets all over the world. They license their processes directly or through 

engineering companies after their agreement. 

For the major part of products considered there is presently an overcapacity in the 

world and the present trend from these companies is to be more careful in the sale or 

dispersion of their technology and to reduce the number of new projects. Each request 

is a specific case which is carefully studied by the potential supplier of technology 

with respect to its own policy of licensing, of marketing and of keeping the leading 

positions in the region. 

In the following paragraphs the lists of existing technologies are given for each 

product. For certain products, the number of licensors is very important and these lists 

will not include all the licensors but they will focus on the most important ones. 

Concerning the availability of these technologies for certain fine chemicals, the only 

procedure is to contact directly the companies in order to know if they are desirous to 

sale their technology. 
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2.2. Nitric Acid 

a) The main processes commercially available for weak acid are : 

Agrichem - Laroche (USA) 

Espindesa (Spain) 

Grande Paroisse (France) 

Montedison (Italy) 

Rhone Poulenc (France) 

Stamicarbon (Netherlands) 

Uhde (West Germany) 

27. 

b) Techniques for producing concentrated nitric acid have been developed by several 

companies; 

• Technique by sulphuric acid addition: 

Chemetics International Limited 

Jenaer Glaswerk Schott of West Germany 

Rhone Pou!enc 

• Technique by magnesium nitrate addition 

Hercules Incorporated (Maggie process) 

• Technique by direct synthesis 

Bamag (West Germany) 

Davy Mac Kee 

Humphrey and Glasgow (United Kingdom) 

Sumitomo Chemical (Japan) 

Uhde (West Germany) 

2.3. Ammonium Nitrate (explosive grade) 

Gem:rally licen:::ors propose the technology for both ammonium nitrate grades, low 

density ar1u high density. The main process licensors existing in the world are : 

DSM I Stamicarbon (NethP.rlands) 

Dupont (USA) 
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ICI (United Kingdom) 

Kaltenbach - Thuring (France) 

Ke;-na - Nord 

Rhone Poulenc (France) 

Sumitomo (Japan) 

Uhde (West Germany) 

28. 

However sorne licensors have more developed, during the last ten years, their process 

for low density grade (explosive) : 

Kaltenbach-Thuring 

Kema Nord 

Uhde 

2.4. Calcium Nitrate 

Calcium nitrate is produced by two principal routes. In one route, calcium nitrate is 

produced by direct reaction between calcium carbonate and nitric acid ; in the other 

route the calcium nitrate is formed as a co-product in nitrophosphate precesses. 

The selected route for Indonesia is the direct reaction. Presently very few companies 

propose this technology. 

In Western Europe, Quimiga1 from Portugal and Uhde from West Germany would be 

ready to propose their technology. 

2.5. Nitrocellulose 

The main processes e:.<isting in the world are : 

Daicel Chemical Industries (Japan) 

Hercules (USA) 

ICI (United Kingdom) 

Societe Nationales des Poudres et Explosi fs (SNPE - France) 
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2.6. Toluene diisocyanate {TDI) 

The main processes existing in the world are : 

Allied Chemical (USA) 

BASF (West Germany) 

Bayer (West Germany) 

E.I. Dupont de Nemours (USA) 

ICI (U.K.) 

Mitsubishi Chemical Industries (Japan) 

Mitsui Toatsu Chemicals (Japan) 

Rhone Poulenc (France) 

Sumitomo Chemical (Japan) 

2. 7. Ni trochlorobenzenes 

29. 

As indicated in the market survey, o-nitrochlorobenzene is an intermediate product in 

carbofuran produ~ion and p-nitrochlcrobenzene an intermediate product in 

paracetamol production, via p-nitrophenol and p-amino phenol. Both 

nitrochlorobenzenes derive from the nitration of monochlorobenzene. 

The main process licensors for monochlorobenzene are : 

Bayer (West Germany) 

Hoechst (West Germany) 

Monsanto (USA) 

PPG industries (USA) 

Rhone Poulenc (France) 

The main process licensors for o- and p-nitrochlorobenzene are : 

Bayer (West Germany) 

Dupont (USA) 

Hoechst (West Germany) 

Monsanto (USA) 
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Z.8. Cyclohexylamine 

Cyclohexylamine can be obtained either by the hydrogenation of aniline or by the 

ammoniation of cyclohexanol, cyclohexanone or a mixture of the two. 

The cyclohexanol route also yields dicyclohexylamine which may acccunt for over 

20 % of the product mix. 

The aniline route is the most widely used. The main process licensors existing in the 

world are: 

BASF (West Germany) 

Bayer (West Germany) 

ICI (U.K.) 

2.9. Aniline 

Aniline can be obtained either by reduction of mononitrobenzene or by ammonolysis of 

phenol. 

Nitrnbenzene reduction can be carried out either by means of hydrogen or usin1;:i the 

iron/hydrogen process (Bechamp process). 

The main process licensors for mononit&obenzene are : 

Bi azzi process (Switzer land) 

Meissner process (West Germany) 

Canadian Industries (Canada) 

Sumitomo Chemical (Japan) 
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The main process licensors for aniline are : 

Ex Mononitrobenzene: 

Allied Chemical (USA) 

American Cyanamid (USA) 

Meissner (West Germany) 

Lonza (Switzerland) 

Mitsui Toatsu (Japan) 

Rhone Poulenc (France) 

Sumitomo Chemical (Japan) 

Ex Phenol : 

Halcon International I Scienti fie Design (USA) 

2.10. Sulphamides 

31. 

Sulphamides are produced by reacting acetyl sulphanil chloride with compound 

containing an amine function foBowed by deacetylation of the acetamide group. 

Acetyl sulphanilyl chloride is obtained by reacting acetanilide with chlorosulphoni.; 

acid. Acetanilide is obtained by reacting aniline with acetic acid. In the case of 

Indonesia, it is likely that only the last step will be envisaged, i.e. the reaction of 

acet';l sulphanilyl chloride with a compound containing an amine function. 

The main process licensors for this production are : 

American Cyanamid (USA) 

Grindsted (Denmark) 

Rhone Poulenc (France) 

Z.11. Rubber Chemicals 

As indicated in the rnarket survey, aniline-based rubber chemicals cover almost the 

whole range of chemicals that are added to natural and synthetir: rubber during their 

processing intc the finished goods. 
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One possible project is the production of rubber accelerators deri vated from 2-

ivlercaptobenzothiazole (MBT) or the production of MBT itself. 

The main process licensors for MBT and thiazole type rubber accelerators are : 

Bayer (West Germany) 

Mc:1santo (USA) 

Pennwalt (USA) 

2.12. General Comments 

For certain fine chemicals, two or even more chemical routes for the production exist, 

consequently a selection is possible but generally the only criterium of choice is the 

agreement of one licensor company to sale its licence. 

This rnay be the case for the carbofuran production and in fact for the production of 

its intermediate pyrocatechol which can come from three routes of production : 

- hydroxylation of phenol 

- r:itration of phenol to o-nitrophenol and conversion to pyrocatechol 

nitration of chlorobenzene, hydrolysis to o-nitrophenol and conversion to 

pyrocatechol 

As the first t.vo routes are developed till now by only one producer who is not ready to 

license its technobgy, the latter would have to be used. It has moreover the advantage 

of starting from o-nitrochlorobenzene which may be a by-product of a future p­

nitrochlurobenzene production in the paraarninophenol/ paracetamol chain of 

production. 
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3. BASIC DAT A - METHODOLOGY FOR ECONOMIC STUDY 

3.1. Introduction 

33. 

As indicated, projects to be studied are divided in two groups according to the concept 

scheme for their implementation. 

1. Integrated scheme for nitric acid, ammonium nitrate, calcium nitrate plants 

2. Isolated scheme for the other projects or individual productions 

Each group will be characterized by the following aspects : 

In the integrated scheme, utilities will be supplied by a central unit and a part of 

general facilities will be common ; that will lead to lower costs for utilities. 

In the isolated scheme, at the difference of integrated scheme, production plants will 

have to buy from outside a part of their required utilities or to produce their own 

utilities, that will lead to a higher cost for utilities and total investment. 

A final case of evaluation is constituted by the entire integrated complex - nitric acid, 

ammonium nitrate, calcium nitrate - for which the methodology, bases and results are 

developed in a separate part at the end of following chapter (see chapter 4.11) 
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34. 

3.2. Methodology for Economic-Financial Evaluation of Individual Productions 

3.2.l. Investment Costs 

All investment costs are estimated under 1987 conditions and expressed in US$. 

They are obtained as follows : 

• fixed investment costs include erected costs plus licence and pre-operating 

expenses 

• scime expenses are excluded, such as taxes and custom duties 

• interests during the construction are estimated on the basis of a capital 

breakdown of 30 % F;quity I 10 % lo:ins 

• total investment costs include working capital 

- Erected cost in Indonesia 

The budget for erected cost in Indonesia deals with erected costs of process units, 

utilities production units and general facilities plus licence fees. Estimates are 

carried out on an European basis, then adjusted to Indonesian conditions. 

According to BEICIP/CIPROCON experience in the evaluation and cost follow-up 

of similar projects in Indonesia, the erected cost in Ir.donesia is about at the same 

level as the erected cost in Europe, all taken into .account (cost of local and 

imported equipments, civil engineering and erection costs). 

- Pre-operating expenses 

Pre-operating expenses are c.Jtirnated in relation or as a ratio of erected cost. 

These expenses include contractor's activities, pre-contract expenses, suppliers' 

assistance during erection, follow-up of the project, hiring and training of 

manpower, start-up expenses. 

Altogether pre-operating expenses are estimated to represent around 15 % of the 

erected cost. 
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35. 

- Interests during the construction 

Interests during the construction are directly estimated in the economic 

evaluation ; they apply on the part being firlanced with a fixed yearly rate. 

The bases taken are : 12 % as average yearly rate of interest and 70 % of the 

overall investment being borrowed, i.e. an equity I debt ratio of 30/70. 

These rates of interest on loans apply only on a very minor part of total 

investment (interests during construction). In the:- final evaluation of the 

integrated complex - nitric acid, ammonium nitrate, calcium nitrate - higher 

interest rates are considered, at 18%, at the request of Indonesian counterparts. 

- Working capital 

The working capital includes the necessary inventories in spare parts, initial 

charges of catalysts and chemicals, imported raw and secondary materials. 

For the purpose of the study, working capital is estimated to represent 2 months 

of product sales. 
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3.2.2. 

36. 

Other Economic Requirements and Bases for Economic Evaluation 

It concerns the evaluation of all costs entering in the variable charges, the fixed 

charges a'ld all economic and financial bases needed in. 

a) Costs for variable charges 

These costs will be essentially utility costs. These costs will vary accordi11g to the 

scheme, either integrated or isolated, as follows: 

Raw water (m3) 
Electricity (1) (kWh) 
Steam (ton) 

Utilities in US$/unit 

Chemical complex 
including nitric acid 
ammonium nitrate 

calcium nitrate 

0.03 
0.04 
7.00 

Isolated 
plants 

0.03 
0.065 
10.50 

(1) Marginal cost in the complex, on the basis of fuel at US$ 3.00 per MMBTU. 

b) Costs for Fixed Charges 

Labour costs 

The number of personnel indicated concerns only production people and excludes : 

maintenance personnel for which the annual cnsts are taken into account in 

overall maintenance costs 

• all administrative, commercial, head off ice costs and personnel not directly 

assigned to the production for which the annual costs are taken into account in 

overhead expenses 

The annual average total cost per worker (from manager up to unskilled worker) is 

estimated at US$ 2,500. 

lnqcnieur r.onseil 



~.aintenance costs 

Maintenance costs cover the following items: 

• depreciation anJ return on all equipment investment for maintenance 

manpower personnel 

running spare parts consumed every year 

• lubricating oils, greases and other consumables 

37. 

Tre order of magnitude of maintenance costs is taken at 3 % of total fixed 

;.westrnent cost. 

Over. iead expenses 

OverLead expenses which cover overhead expenses in the producing unit as well as 

those outside the units are estimated at 1.5 % of total fixed investment cost + 

lOu % of operatinc,:i labour cost. 

Insurance costs are estirnated at 0.375 % of total fixed investment cost. 

c) Other Economic and Financial Bases 

Fer the purpose of the evaluation of production costs, depreciation is taken on a 10 

year basis or 10 % per year on a straight line method. 

For the purpose ..... prefeasibility evaluation no taxes on profit or c:.thers are 

considered in the study. 
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38. 

3.3. Methodology for the Evaluation of Individual Projects by Calculation of Production 

Costs and Product Values 

This economic evaluation is performed through the analysis of costs of production and 

product values in each production unit. 

The production costs and product values are estimated at full rate of production. 

The production cost in each unit and re3ulting product values are evaluated according 

to a methodology which refers to yearly costs. 

At full production, the total production cost is the sum of : 

• Cost of raw materials 

• Variable charges 

• Fixed charges including labour, maintenance, overhead expenses, insurance and 

interests on working capital 

• Depreciation (at 10 % of fixed investment) 

The product value is then obtained by adding a profit exµressed in terms of return on 

total investment cost of the unit (ROI). 

For ensuring reasonable returns both on the investment and on the equity a figure of 

10 % of total investment is taken for ROI in our basic evaluations. 

3.4. Final Economic Evaluation of Individual Projects 

Fir.al economic evaluation is perfor1ned by comparison between product values or ex­

factory prices with international standard i:;rices of the product available under similar 

conditions in Indonesia in the medium term. 

International P' ices are considered on a general coherent trend of prices (refer to 

interrelated scale of prices between aromatics like benwne and derivates like 

chlorobenzene or nitrochlorobenzenes, aniline and derivates like cyclohexylamine and 

MBT). 
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39. 

The comparisons bear on : 

- the differential between the calculated product value and the international 

competitive price 

- the internal rate of return (IRR) on investment, by taking a product price equal to 

the international competitive price 

IRR is calculated at the level of discounted gross cash flow, i.e. before tax and 

financial charges, where yearly gross cash flows are the result of yearly sales revenues 

from which are deducted all yearly production costs (raw materials, variable and fixed 

charges). 

For its evaluation, the investment of each project is expected to be disbursed in two 

years (50 % the 1st year, 50 % the 2nd year). Production lifetime for the evaluation is 

taken at 15 years. 

Operating rates are assumed to level at : 

- 80 % of nominal capacity, the 1st year of production 

- 90 % of nominal capacity, the 2nd year of production 

- 100 % of nominal capacity, from the 3rd year of production 
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4. DESCRIPTION AND EVALUATION OF PRODUCTION UNITS 

4.1. Introduction 

This following chapter includes the technical description, the definition of plant 

facilities and the evaluation of each production unit with the following supporting 

tables : 

- total investment 

- technical requirements 

- production cost and product value 

4.2. Nitric Acid Production 

4.2.l. Technical Description 2nd Definition of Plant Facilities 

a) Technical Description (see simplified flowsheet - Figure 3 hereafter) 

All nitric acid plants are now based on the gas-phase oxidation of ammonia in air 

over a heterogeneous catalyst (usually a platinum alloy) for forming nitric oxide 

(NO), further oxidation to nitrogen dioxide and then absorption of the dioxide in 

water to give nitric acid. 

The initial reaction, oxidation of ammonia : 

4NH3 + 502 ( > 4NO + 6Hz0 

proceeds rapidly under a wide range of operating conditions with the conversion 

efficiency primarily influenced by the temperature of the catalyst gauze. 

In the presence of further oxygen nitric oxide is converted to nitrogen dioxide 

(NOZ): 

2NO + Oz t -.. 2N02 
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Part of the nitrogen dioxide formed rapidly dimerizes to nitrogen tetroxide (Nz04) 

2N02 ( ~ Nz04 

Nitric acid (HN03) is formed by absorption of nitrogen dioxide and nitrogen 

tetroxide in water. 

3NOz + HZO ~ :. ZHN03 +NO 

3NZD4 + 2HZ0 < lo 4HN03 + ZNO 

The nitric oxide gas, coproduced with nitric acid, is re-oxidized by the remaining 

oxygen and the acid forming sequen:-:e is repeated. 

The nitric acid process is thus a question of balancing two separate operations -

formation of nitrogen oxides, for which lower pressures are more favourable, and 

absorption of nitrogen oxides, which is favoured by higher pressures. Although 

several combinations of operating pressures are possible, in recent years three 

process schemes have dominated new orders for nitric acid plants. These are the 

medium-medium single-pressure, medium high dual pressure, and the high-high 

single pressure processes. 

As an example, the process description of a sir:gle-pressure weak nitric acid unit 

with a capacity of 100 t/day HN03 (100%) is presented hereafter. 

The main f ea tu res of the process are : 

• Same pressure for ammonia oxidation and nitrogen gas absorption 

This pressure is relatively high that leads to a smaller size for equipment and a 

lower investment cost 

• Use of a high efficiency absorption systern, which, in combination with high 

pressure, allows to obtain a very low NOx content in tail gases, in accordanci. 

wi~h the strictest pollution regulations 
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• Air and gas compression 

The compressor set consists of one air compressor, one tail gas expander and one 

electric motor 

• rreparation of air ammonia mixture 

Liquid ammonia is received at battery limits and passes then to the ammonia 

evaporator. Ammonia is evaporated against cooling water. Oil and water present 

in the ammonia feed are separated out in the ammonia auxiliary evaporator. The 

gaseous ammonia passes through a filter after it has been superheated in an 

exchanger. From the filter ammonia passes to a mixer where it is mixed with air. 

Process air passes through a two stage filter, is compressed to 9.0 bar abs. and 

split into primary and secondary streams. The secondary air is used in the 

denitration or bleaching of the product acid. The primary air passes to the 

ammonia air-rnixer. 

• Ammonia combustion and heat recovery 

The air ammonia mix~ure flows downward in a converter where a special 

distribution system allows a good repartition of the flow all over the surface of 

the platinum-rhodium gauzes. The mixture of nitrous gases, nitrogen and oxygen 

resulting from ammonia combustion with a resuitant temperature of about 910°C 

passes through several exchangers, boiler-heat exchanger-economizer, where they 

are cooled and heat is recovered. 

• Absorption and bleaching of acid 

The gas stream is cooled down by cooling water in a water condenser where nitric 

acid is condensed and fed into a absorber ; it passes then through a separator and 

is sent to absorbers. 

The acid at design concentration at the first tray of absorber passes through the 

bleacher, equipped with trays and located inside the lower part of the absorber. 

Bleaching is accomplished by contacting the acid with the secondary air to strip 

out the dissolved gas. The air from the bleacher, containing nitrous gases, is 

mixed with the main stream at inlet of the absorber. The p.-oduct acid is 

withdrawn under level control and discharged tc storage tanks. 
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• Tail gases 

Tail gas from the absorber contains less than 200 ppm of NOx. The gas passes 

through an external separator and is heated in some heat exchangers. 

The hot gas passes then through the tail gas expander. The tail gas is discharged 

to the plant stack. 

Steam system 

Steam is produced in a boiler at 16 bar abs. A part of the saturated steam is used 

in auxiliary ammonia evaporator, ammonia superheater and deaerator. Excess 

saturated steam is discharged to battery limits. 

b) Definition of plant facilities 

The plant facilities include all the equipment required by the process described 

abovE plus the electricity prcJduction and distribution system, the steam system, the 

cooling water system and all the general services and buildings. 

The storage facilities include storages for two weeks of production. 

Total Investment 

The nominal capacity of the production unit is 120 tons/day or about 40 ODO tons per 

year. 

The battery limits investment in Europe is estimated at US$ 7 000 000, investment 

figun based on the process presented previously. This investment figure is based on 

a process scheme with a maximum steam export and a minimum electricity 

production. 

The erected cost in Indonesia is estimated at US$ 9 450 000 and the total fixed 

investment cost including pre-operating costs and intere:;ts during the construction 

amounts to US$ 11 880 000. 
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4.2.4. 
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Such investment figures vary within a narrow range for size capacities between 90 

and 120 tons/day (30 000 to 40 000 tons/year). 

The detailed investment cost is presented in table 5. 

Technical Requirements 

The technical requirements include the consumptions of raw materials and utilities, 

the costs of catalysts and chemicals and the costs of operating manpower. 

In the utility costs the cooling water costs are derived from equivalent electricity 

and raw w~ter expenses. 

Technical requirements are presented in table 6. 

Production Cost and Product Value 

The production cost and product value are calculated according to the basis 

presented in the methodology related to the calculation of variable charges, fixed 

charges and depreciation. 

The results are presented in table 7 

This table lets appear the most important part taken by the investment-related 

charges or return (fixed charges, depreciation, ROI) and the significant effect of 

ammonia cost (ne,arly 30 % of the total product value). Utility costs are very low, 

due to the assumption of a good valorization for steam credit. 

Economic Results. Comparison with International Prices 

International prices for nitric acid (weak acid), in accordance with medium-term 

international prices at around 180-200 $/ton for ammonia, will lie within a 140-

160 $/ton range. ;\ 170 $/ton price is taken for the product rendered in Indonesia. 
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Due to the low starting cost of ammonia and to the advantages obtained through 

integration in an industrial complex, the product value of 114 $/ton is quite 

attractive as compared with the international price. 

Similarwise the internal rate of return of the project, on the basis of a 170 $/ton 

sales price for nitric acid, is quite attractive : 28.4 % in the base case. 

Sensit~ 1ity Analysis. Conclusions 

Main in<luing factors are possible variations in ammonia costing or investment 

evaluation : 

- an ammonia price of 170 $/ton (corresponding to FOB prices for reaching 

international markets) would decrease the IRR only to 24.3 % and increase the 

product value up to 131 $/ton, which are still attractive figures 

- a 20 % increase on the investment would decrease the IRR to 23.5 %, still a quite 

attractive figure 

I;i the light of economic results, this project of nitric acid appears quite justified. 
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Table 5 

NITRIC ACID (Weak Acid) 

120 tons/day (100 % basis) 

TOT AL INVESTMENT COST 

Total battery limits 

Off-sites 

Erected cost in Indonesia 

Pre-operating expenses 

Fixed investment cost 

Interests during the construction 

Total fixeJ investment cost 

Working capital 

TOT AL INVESTMENT COST 

In 10J US$ 

7 000 

2 450 

9 450 

l 400 

10 850 

l 030 

11 880 

800 

12 680 
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Table 6 

NITRIC ACID (Weak Acid) 

120 tons/ day (100 % basis) 

TECHNICAL REQUIREMENTS 

Raw Materials and By-Products Par unit 
Ton I Ton 

Ammonia 

Utilities consumption 

Power in kWh 

Cooling water in m3 

Process water in rn3 

Steam in 106 Kcal 

Catalysts and chemicals 

Manpower Number 

35 

0.284 

Per ton 

270 

100 

0.298 

(0.823) 

Per ton 
in US$ 

1.7 

Cost per 
person 

2 500 

48. 

Annual 
(in tons) 

11 360 

Annual 

10 800 000 

4 000 000 

11 920 

(32 920) 

Annual 
in US$ 

68 000 

Annual cost 
in US$ 

87 500 
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I Table 7 

I 
NITRIC ACID (Weak Acid) 

40 000 tons/r.ear (100 % basis) 

I PRODUCTION COST AND PRODUCT VALUE 

I 
I 

RAW MATERIALS 

Ammonia (at $/ton 110) l 249 600 

I VARIABLE CHARGES 

I Utilities 482 ODO 

Catalysts and chemicals 68 ODO 

I Steam (credit) (354 500) 

I FIXED CHARGES 

Labour 87 500 

I Maintenance 356 ODO 

I 
Overhead expenses 265 700 

Insurance, taxes 45 ODO 

I Interests on working capital 80 ODO 

I DEPRECIATION l 085 ODO 

I 
COST OF PRODUCTION (US$) 3 364 300 

ROI l 188 ODO 

I TOTAL SALES 4 552 300 

I PRODUCT VALUE (US$/ton) 114 

I 
I lngenieur consP.il 
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4.3. Ammonium Nitrate (poi ous grade for ANFO) Production 

4.3.l. Technical Description and Definition of Plant Facilities 

a) Technical Description (see simplified f!owsheet - Figure 4 hereafter) 

Ammonium nitrate is manufactured by the neutralization of nitric acid witli 

ammonia. The main stages in the manufacture of ammonium nitrate include : 

- Ammonia evaporation and air cooling 

- Neutralization reaction 

- Solution concentration 

- Prilling 

- Conditionin9 

As an exemple, the process description of a porous ammonium nitrate produc~ion is 

presented hereafter. 

Ammonium nitrate prills to be produced will be used for amrnoniurn nitrate fuel oil 

mixture (ANFO). The prills should be the best adapted to the final use, especially a5 

regards the granulometry, the density and the porosity. 

• Ammonia evaporation and air cooling 

Liquid ammonia is partially evaporated in an air cooler depending on the needs of 

the air cooling 3ystem and the rest of it is evapornted in a11 evaporator supplied 

with hot water. 

• Neutraliz ition reaction 

Gaseous ammonia and liquid nitric acid are injected into the bottof11 part of 

neutralizer. The reaction is exothermic, automatically recorded and controlled by 

the injection of process condensates. 

The neutralizer receives also a certain amount of sulphuric acid mixed with nitric 

acid to increase the hardness of the prills. 

lnnenieur conseil 
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. Solution concentration 

Amn.onium nitrate solution i~ .:oncentrated in a falling film heated evaporator 

opernting under vacuum. The vapours extracted from the evaporator are 

condensed. The concentrated ammonium nitrate solution is sent to the top of the 

pril'.irog tower. 

Proce·~s steam :rnd condensates systems 

<e .... m recovered from the exothermic neutralization reaction is used essentially 

for ammonium nitrate solution concentration in the evaporator. 

Condensates frum the process steam of neutralizer and condensates from the 

rrirnary evaporator are sent to a barometric tank. When it is necessary, these 

c ride11sates are scrubbed in treatment columns where nearly a!l ammonium 

nitr.-~te is removed and recycled. 

Free ammonia in process steam and vapours from the evaporator is neutra.ized 

with nitrir; acid and the resulting ammonium nitrate is recycled. 

, rilling 

Solutior1 collected in a tank is sent to calibrated prilling nozzles. Nitrate prills 

snlidify when falling inside the tower and are collected on a conveyor at the 

bottom of the tower. Air coming from the tower is washed in scrubbers located at 

the top of the prilling tower and clean air is discharged to the atmosphere. 

• Drying and screening 

Ammonium nitrate prills are brought by a conveyor to a special dryer drum with 

two sections allowing a very progressive drying which gives prills of appropriate 

strength anc1 porosity. 

Hot air loaded with dust is sent to cyclones and then to washing tower. When the 

requested concentration of ammonium nitrate washing solution is reached, the 

solution is recycled to the ammonium nitrate solution preparation section. 

Ammonium nitrate prills are sent to screens, the fines and the oversize prills are 

recycled. 

• Final cooling 

Ammonium nitrate is cooled in a fluidized bed cooler. After the cooler, prills are 

sprayed with a flowing agent when requested. 

lnqenieur conseil 



• 
I 
s 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

4.3.2. 

4.3.3. 

52. 

b) Definition of Plant Facilities 

The plant facilities include all the equipment required by the process described 

above, plus the electricity distribution system, the steam system, the cooling water 

sy.;terr and all the general services and buildings. 

The storage facilities include storages for 2 months of production and storages for 8 

days of consumption of raw materials. 

Total Investment 

The nominal capacity of the production unit is 80 tons per day or C:tbout 26 000 tons 

per year. 

The battery limits investment in Europe is estimated at US$ 4 000 000, investment 

figure based on the process presented previously, which varies within a nar~ow range 

for size capacities between 60 and 80 tons/day. 

-he erected cost in Indonesia is estimated at US$ 5 400 000 and the total fixed 

investment cost including pre-operating costs and interests during the construction 

amounts to US$ 6 790 000. 

The detailed investment cost is presented in table 8. 

Technical Requirements 

The technical requirements include the consumptions of raw materials and utilities, 

the costs of catalysts and chemicals and the costs of operating manpower. 

In the utility costs the cooling water costs are derived from equivalent electricity 

and raw water expenses. 

Technical requirements are presented in table 9. 
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4.3.4. 

4.3.5. 

Production Cost and Product Value 

The production cost and product value are calculated according to the basis 

presented in the methodology related to the calculation of variable charges, fixed 

charges and depreciation. 

The results are presented in table 10. 

This table lets appear the most important part taken by the costs of raw materials, 

ammonia and nitric acid, intervening for over 55 % of the total product value. 

Ef feet of investment is still appreciable but not to a too large extent. 

Economic Results. Comparison with International Prices 

In accordance with medium-term international prices at around 180-200 $/ton for 

ammonia and 140-160 $/ton for nitric acid, the international prices for ammonium 

nitrate (low density grade for explosives) will lie within a 210-240 $/ton range. A 

230 $/ton price is taken, as a compromise between the price on the domestic market 

for the n~~st part of production and tht:: export price for less important quantities. 

Despite a relatively low size of production the product value of 203 $/ton is 

attractive as compared with the international price. This is chiefly due to the low 

costs of ammonia and nitric acid as raw materials and, to a lesser extent, to the 

integration in an industrial complex. 

Similarwise, the internal rate of return of the project, on the basis of a 230 $/ton 

sales price for ammonium nitrate, is dttracti ve : 20.8 % in the base case. 

lngenirur consr-;il 
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4.3.6. Sensitivity Analysis. Conclusions 

The main influing factor is the variation on ammonia-nitric acid pricing, since as 

nitric acid cast of 131 $/ton associated with an ammonia cost of 170 $/ton would : 

- increase the product value to 230 $/ton 

- decrease the IRR down ta 12.6 %, which is still an acceptable value 

A 20 % increase on the total investment would only increase the product value up ta 

216 $/ton. 

In the light of economic reeults this projert of ammonium nitrate appears justified. 

lnqf.?niedr const=-?il 
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FIGURE 4 Schematic flow diagram of ammonium nitrate production 
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Total battery limits 

Off-sites 

Erected cost in Indonesia 

Pre-operating expenses 

Fixed investment cost 

Table 8 

AMMONIUM NITRATE (Low Density) 

80 tons/day 

TOT AL INVESTMENT COST 

Interests during the construction 

Total fixed investment cost 

Working capital 

TOTAL INVESTMENT COST 

56. 

In 10J US$ 

4 000 

l 400 

5 400 

800 

6 200 

590 

6 790 

900 

7 690 
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Table 9 

AMMONIUM NITRATE (Low Density) 

80 tons/ day or 26 000 tons/ year 

TECHNICAL REQUIREMENTS 

Raw Materials and By-Products Per unit 

Ammonia (as 100 %) 

Nitric Acid (as lUO %) 

Utilities consumption 

Power in kWh 

Cooling water in m3 

Process water in m3 

Steam in 106 Kcal 

Catalysts and chemicals 

Manpower Number 

40 

Ton I Ton 

0.215 

lJ.794 

P~r ton 

45 

25 

0.22 

0.2 

Per ton 
in US$ 

4 

Cost per 
person 

2 500 

57. 

Annual 
(in tons) 

5 590 

20 644 

Annual 

1170000 

650 DOD 

5 720 

5 200 

Annual 
in US$ 

104 ODO 

Annual cost 
in US$ 

100 ODO 
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Table 10 

I 
AMMONIUM NITRATE (Low Density) 

26 000 tons/year 

I PRODUCTION COST AND PRODUCT VALUE 

I RAW MATERIALS US$ 

Ammonia 614 900 

I Nitric acid 2 3)3 400 

I V.t;RIABLE CHARGES 

I 
Utilities ll2 800 

Catalysts and chemicals 104 ODO 

I Packaging 182 ODO 

FIXED CHARGES 

I Labour 100 000 

I 
Maintenance 203 700 

Overhead expenses 201 850 

I Insurance, taxes 25 500 

Interests on working capital 90 ODO 

I DEPRECIATION 620 000 

I COST OF PRODUCTION (US$) IJ 608 150 

I ROI 679 000 

TOTAL SALES 5 287 150 

I PRODUCT VALUE (US$/ton) 203 

I 
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4.4. Calcium Nitrate Production 

4.4.l. Technical Description and Definition of Plant Facilities 

a) Technical Description (see simplified flowsheet - Figure 5 hereafter) 

A3 indicated before, calcium nitrate may be prod•Jced by the following commercial 

processes : treatment of limestone with nitric acid or as a by-product in the 

treatment of phosphate rock with nitric acid for the manufacture of nitrophosphate. 

The selected process is the treatment of limestone with nitric acid. 

The mixture of nitric acid and grounded limestone (at specifications, exempt from 

er with a very low content of chlorides) is sent to agitated reactors. The calcium 

nitrate solution is decanted and neut::-alized with gaseous ammonia. The purposes of 

these operations carried out in two steps are to extract insoluble residue and to 

neutralizG nitric acid in excess in the solution. The neutralized solution is fed to 

evaporation section whern it is concentrated and then is sent to granulation section 

after mixing with recycled solids. 

Calcium nitrate corning from granulation section is dried up with hot air, sent to a 

screening section, then cooled down. The product is then coated by anti-caking 

products and sent to packing and storage sections. 

Specifications of limestone for calcium nitrate production 

For its fertilizer use, chiefly in tobacco crops, calcium nitrate should be exempt or 

have a very low content of chlorides; this involves very severe specification on 

limestone as regards the chloride content. 

The best is to utilize limestone already exempt from chlorides at the source, which 

is the present case of world producers (according to a well known European producer 

and exporter to Indonesia no calcium nitrate producer in the world carries out an 

extraction of chlorides from limestone). 

lngCniAur r.onseil 
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60. 

Without suitable quality for the raw material the treatment would be to wash with 

very large quantities of unsalted water. Such process requires a lot of water and 

would appear more cof.tly than the imports of suitable limestone. 

Cost adopted in the study for limestone takes into account the opportunity of 

utilizing imported limestone for which the price will be mainly constituted of 

freight costs. A final price of 30 US$/ton is kept for the purpose of evaluation in 

the base case. 

b) Definition of Plant Facilities 

The plant facilities include all the equipment required by the process described 

above, plus the electricity distribution system, the steam system, the cooling water 

$ystem and all the general services and buildings. 

The storage facilities include storages for 2 months of production and storages for 8 

days of consumption of nitric acid. 

Total Investment 

The nominal capacity of the production unit is 12 ODO tons/year (in line with a 

nearer term, 1993-1995 market). 

The battery limits investment in Europe is estimated at US$ 4 ODO 000, investment 

figure based on the process presented previol'sly. 

The erected cost in Indonesia is estimated at US$ 5 400 000 and the total fixed 

investment cost including pre-operating costs and interests during the construction 

amounts to US$ 6 800 000. 

The detailed investment cost is presented in table 11. 
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61. 

Technical Requirements 

The technical requirements include the consumption of raw materials and utilities, 

the costs of catalysts and chemicals and the costs of operating manpower. 

In the utility costs the cooling water costs are derived from equivalent electricity 

and raw water expenses. 

Technical requirements are presented in table 12. 

Production Cost and Product Value 

The productior, cost and product value are calculated according to the basis 

presented in the methodology related to the calculation of variable charges, fixed 

charges and depreciation. 

The results are presented in table 13. 

This table lets appear the important parts taken by the investment-related charges 

or return (depreciation, ROI) and the costs of raw materials (nitric acid, limestone). 

Economic Results. Comparison with International Prices 

In accordance with medium-term international prices for nitric acid, the 

international prices for calcium nitrate will lie within a 210-230 $/ton range. A 

240 $/ton price is taken for the product rendered in Indonesia. 

Even higher the product value of 265 $/ton is not far from being comparable with 

the international price but the internal rate of return (8.6 % in the base case for the 

240 $/ton international price) is below an acceptable level for a·1 individual project. 

Explanations on this unsufficient profitability come from the fact that the high 

investment cost per ton due to the low capacity installed outweighs the advantage 

brought by the low nitric acid cost. 
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The integ:-ation of this unit with the upstream nitric acid production and the nearby 

ammonium nitrate production leads however to an acceptable profitability for such 

a low sized unit, as illustrated in the evaluation of the nitric acid integrated 

complex (see chapter 4.11). 

Sensiti1,ity Analysis. Conclusions 

Main influing factors are possible variations in nitric acid costing or investment 

evaluation : 

a nitric acid transfer price of 13) $/ton instead of 114 $/t would lead to 

unattractive figures by decreasing the IRR to 7 .5% and increasing the product 

value up to 277 $/ton 

- a 20 % increase on the investment would lead to even more unattractive figures : 

293 $/ton for the product value, 6.1 % for the IRR 

For ensuring an attractive return, the implementation of the project is thus subject 

to the confirmation of low nitric acid transfer prices from the nitric acid plant, 

more easily obtained through the integration of these two plants together, and to 

the ready av::iilability of limestone at competitive costs. 
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Total battery limits 

Off-sites 

Erected cost in Indonesia 

Pre-operating expenses 

Fixed investment cost 

Table 11 

CALCJUM NITRATE 

12 000 tons/year 

TOT AL INVESTMENT COST 

Interests during the construction 

Total fixed investment cost 

Working capital 

TOTAL INVESTMENT COST 

64. 

In 103 US$ 

4 000 

l 400 

5 400 

810 

6 210 

590 

6 800 

530 

7 350 
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Table 12 

CALCIUM NITRA l E 

12 000 t~ns/year 

TECHNICAL REQUIREMENTS 

R'lw Materials and B~-Products Per unit 
Ton I Ton 

Limestone 

l'Jitric acid (as 100 %) 

A:nmoni<: 

UtiHties consumption 

Power in kWh 

Cooling water in m3 

Steam in 106 Kcal 

Catalysts and chemicals 

Manpower Number 

30 

0.52 

0.66 

0.016 

Per ton 

65 

34 

0.6 

Per ton 
in US$ 

3 

Cost pex 
person 

2 ~00 

65. 

Annual 
(in tons) 

6 240 

7 920 

192 

Annu3! 

780 ODO 

t+OS ODO 

7 200 

Annual 
in US$ 

36 000 

Annual cost 
in US$ 

75 000 

'nufn1ir~1Jr r.ons;"!il 
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Table lJ 

I 
CALCIUM NITRATE 

I 12 000 tons/year 

I 
PROOUCTION COST AND PRODUCT VALUE 

I 
RAW M.A. TERIALS 

I Limestone 187 200 

Nitric acid 902 900 

I Ammonia 21 100 

I VARIABLE CHM, ~..:..S 

I 
Utilities 113 200 

Catalysts and chemicals 3ti 000 

I Packaging 84 000 

I FIXED CHARGES 

Labour 75 000 

I Maintenance 204 000 

Overhead expe!lses 177 000 

I Insurance, taxes 25 500 

I 
Interests on ~·1orking capital 53 000 

I 
DEPRECIATION 621 000 

COST OF PRODUCTION (US$) 2 4~9 900 

I ROI 680 000 

I 
TOTAL SALES 3 179 900 

I 
PRODUCT VP.LUE (US$/ ton) 265 

ln~enihir conseil 

I 



n=- -
, ,. b e i c r-o; 

67. 

-·,41 

4.5. Nitrocc!lulose Production 

4.5.l. 

As '.ndicated before, nitrocellulose has various uses in military applications and in 

civilia'1 ap;Jlications, such as paints, varnishes, printing inks, celluloid and cellulose 

film5. The setected production unit will deal only with civilian applic<ltions ; however 

it is to be noted tt1at in the same production unit, both products for military and 

ci viiian applir.atioils could be produced. 

Technical Descriptio;i and Definition of Plant Facilities 

a) Technical Description (see simplified flowsheet - Figure 6 hereafter) 

As an example, the SNPE process is presented hereafter. Nitrocelluloses are 

manufactured from cellulose, cotton !inters or woud pulp and a nitrosulphuric 

solution. 

The cellulose to be nitrated is first of all subjected to a chemical purification and 

then to a bleaching. Nitrating acids are a mixture of nitric acid at 98.5 % and oleurn 

at 20 %. 

- Nitration 

Nitration of nitrocellulose is a balanced esterification uf the topochernical type : 

Cell-OH+ 2(HO-NOz) ~ Cell - ONOz + NOz-OH, H20 

Nitration with nitrosulphuric mixtures yields the best result when high nitrogen 

content is requested. 

Nitration can be carried out in a continuous process or in batches (depending on the 

plant capacity) and generally at an average temperature 1Jf 35°C. 

After nitration, the nitrocellulose thus obtained is separated from the nitration bath 

C-.vaste acids) through centrifugation. 
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- Stabilizing 

Nitrocellulose coming from nitration still contains residual acids which cannot be 

eliminated by water washing. The chemical instability of the product is due to the 

presence of such acids. 

The stabilizing operation consists of long treatment with boiling water in an 

autoclave (under pressure or not). 

The duration and temperature of this treatment in the autoclave are the two 

parameters which make possible to test the product stability and to determine its 

final viscosity. 

- Finishing - Packaging 

After stabilization, nitrocelluloses in floss for industrial uses are processed for final 

packaging as specified by user (alcohol we:-.ted or alcohol dehydrated flosses). 

Collodions, plasticized granules ••• can also be produced. 

Nitrocelluloses in floss for military uses are subjected to a different processing. 

- Materials 

Parts of equipment in contact with acid baths are rr.ade of stainless steel, as are 

stabilization autoclaves and cookers. In addition in manufa~turing nitrocellulose for 

industrial uses (paints and varnishes) it is better to use stainless steel for other parts 

a11d storage tanks, which does not affect the transparency and colour of 

nitrocellulose solutions. 

- Safety 

With an historical background of more than 100 years the production of 

ni trocE'llulose benefits from a very long experience cm risks involved and related 

precautions and i;an be considered as safe as any other chemical production. 

-------------------- lnqenieur conseil 



• 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

n=- -
, ,. be i c:~-1?) 

69. 

4.5.2. 

Whereas dry nitrocellulose is a dangerous product, all other wet forms do not 

present particular risks: 

- in the industrial unit nitrocellulose after nitration is automatically stabilized in 

water or an organic liquid 

- transportation and handling of wet nitrocellulose are carried out as for a current 

chemical product, being classified as a flammable solid when wet with water and 

as flammable liq11id when wet with a flammable organic liauid. 

The most sensitive operation in the process is the centrifugation separation after 

the nitration, before stabilizing; but the existing processes have adequately solved 

the handling of this particular operation in terms of safety. 

b) Definition of Plant Facilities 

The plant facilities include all the equipment required by the process described 

above, plus the electricity distribution system, the steam system, the cooling water 

system and all the general services and buildings. 

The storage facilities include storages for 1 month of production and storages for 8 

days of consumption of nitric acid. 

Possibility of Production of Both Nitrocelluloses, Milita~y and Industrial, in the 

Sarne Unit 

As regards the possibi.lity of producing boti1 nitrocellulose grades for military 

applications and industrial apolications in the same unit, it can be indicated that a 

plnnt designed to produce industrial products can produce military applications but 

not the reverse. It comes from tha fact ~hat the production of industrial application 

grades requires equipment in stainless steel, for reasons of optical quality, whch is 

not required for military applications. 

I nqenicu r consP.il 
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4.5.3. 

Besides the process schemes are different after the stabilization. 

Nitrocellulose in floss intended for industrial uses are processed for final packaging 

as specified by the user. Nitrocellulose in floss intended for military uses are 

subjected to a different processing: 

1. Mechanical refining which reduces the fibres in length, as necessary for gun­

cotton to be used for powder manufactures and for the elimination of the last 

traces of acid occluded in fibres. 

2. Alkaline post stabilizing through boiling at atmospheric pressure for rnmoving 

the last traces of acid released by refining. Thereafter the product goes through 

a series of washing, rinsing operations (clarifying) for elimination of boiling 

water and the miscellaneous decay products that may still be present in 

nitrocellulose. 

After completion of clarifying, the product is completely manufactured, the 

subsequent operations are only intended to improve its final presentation and to 

ensure its packaging. 

Total Investment 

The nomin;;il capacity of the production unit (coating grade only) is 2 000 tons per 

year. 

The battery limits investment in Europe is estimated at US$ 8 000 ODO, investment 

figure based on the process presented previously, and including the concentration of 

nitric acid. 

The erected cost in Indonesia is estimated at US$ 11 200 000 and the total fixed 

investment cost including pre-operating costs and interests during the construction 

amounts to US$ 14 100 ODO. 

The detailed investment cost is presented in table 14. 
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Technical Requirements 

The technical requirements include the consumptions of raw materials and utilities, 

the costs of catalysts and chemicals and the costs of operating manpower. 

In the utility costs the cooling water costs are derived from equivalent electricity 

and raw water expenses. 

Technical requirements are presented in table 15. 

Production Cost and Product Value 

The production cost and product value are calculated according to the basis 

presented in the methodology related to the calcu!ation of variable charges, fixed 

charges and depreciation. 

The results are presented in table 16. 

This table lets appear the important part taken by the investment-related charges 

and return (depreciation, ROI) which reach around 55 % of the total sales. 

Economic Results. Comparison with International Prices 

In accordance with medium-term international prices at around 170 US$/ton for 

weak nitric acirj and 1 100 US$/ton for cotton linters, the international price for 

nitrocellulose (100 %) will be 3 300 US$/ton. 

The product value of 3 360 US$/ton is close to international price. At the difference 

with previous products such as ammonium nitrate and calcium nitrate, the low cost 

of nitric acid is a relatively low advantage for this production. 

The international rate of return of the project, rm the basis of 3 300 US$/ton sales 

price for nitrocellulose, is 12.6 % in the base case, which is acceptable. 
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Sensitivity Analysis. Conclusions 

The main influing factor is the variation of the investment. A 15 % decrease on the 

toi:al investment would decrease the product value down to 3 090 US$/ton. 

Another influing factor is the price of cotton !inters. Recently on the international 

market the prices fluctuated seriously. An increase of the !inters price up to 

l 500 US$/ton would increase the product value up to 3 640 US$/ton. 

With a further evaluation of the risks, particularly for the availability and cost of 

cotton !inters, this project appears justified. 

ln9eniF!tJr r:onsP.il 
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Table 14 

NITROCELLULOSE 

2000 tons/year (100 % basis) 

TOT AL INVESTMENT COST 

Total battery limits 

Off-sites 

Erected cost in Indonesia 

Pre-operating expenses 

Fixed investment cost 

Interests during the construction 

Total fixed investment cost 

Working capital 

TOTAL INVESTMENT COST 

74. 

In lOJ US$ 

8 000 

3 200 

11 200 

l 700 

12 900 

l 200 

14 100 

l 100 

15 200 

1r1c1Anic11r con.,'-:il 
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Table 15 

NITROCELLULOSE 

2000 tons/year (100 % basis) 

TECHNICAL REQUIREMENTS 

Raw Materials and By-Products Per unit 

Nitric acid 

Sulfuric acid 

Linters 

Utilities consumption 

Power in kWh 

Cooling water in rn3 

Process water in m3 

Stearn in 106 Kcal 

Manpower Number 

25 

Ton I Ton 

l 125 

0.600 

0.700 

Per ton 

l 400 

700 

5.85 

Cost per 
person 

2 500 

75. 

Annual 
(in tons) 

2 250 

l 200 

l 400 

Annual 

2 800 000 

l 400 000 

11 700 

Annual cost 
in US$ 

62 500 

lngenieur conseil 
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Table 16 

I NITROCELLULOSE 

2000 tons/year (100 % basis) 

I 
PRODUCTION COST AND PRODUCT VALUE 

I 
I 

RAW MATERIALS 

Nitric acid 304 ODO 

I Sulfuric acid 144 DOD 

Linters 1 540 000 

I 
VARIABLE CHARGES 

I Utilities 1 071 DOD 

I 
Packaging 40 ODO 

FIXED CHARGES 

I Labour 62 500 

Maintenance 423 ODO 

I Overhead expenses 274 ODO 

Insurance, taxes 53 ODO 

I Interests on working capital 110 ODO 

I OEPRECIA TION l 290 ODO 

I COST OF PRODUCTION (US$) 5 311 500 

ROI l 410 000 

I TOTAL SALES 6 721 500 

I PRODUCT VALUE (US$/ton) J 360 

I 
I lnqeniAur conseil 
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4.6. Toluene Diisocyanate 

4.6.l. Technical Descripticn and Definition of Plant Facilities 

Toluene diisocyanate is conventionally produced by the reaction of toluene diamine 

and phosgene. The diamine is produced by the catalytic reduction of dinitrotoluene 

which, in turn, is produced by the nitration of toluene. 

a) Technical Description 

a.l. Dinitrotoluene production 

Dinitrotoluene is manufacturerl by the two stage nitration of tolue:11e. In the initial 

step, fresh toluene is fed to agitated reactors operated in series. The tolue:ie reacts 

with a mixture of aqueous nitric and sulfuric acid. Exothermic heat of reaction is 

removed through internal cooling coils. The products of the mononitration step are 

phase separated. 

The organic products from this first step react with fresh mixed acids for the 

conversion of mononitrotoluene to dinitrotoluene. The reactors are similar in design 

and cooling systems to those used in the first step. Products from the dinitration 

step pass to a separator. Crude dinitrotoluene is sent to a series of 

neutralisers/washers to remove the acids and their resulting salts. Washed 

dinitrotoluene is then transfered to a separator where product is removed. 

a.2. Toluene diamine production 

Dinitrotoluene, methanol and catalyst are blended in the feed preparation tank. The 

mixture is fed as slurry to the high pressure reactors. Reaction cor,ditions are about 

80 bars and l 70°C. Hydrogen is supplied under pressure control. The reactor effluent 

lnqf'!nieur consetl 
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is cooled down and sent to a vessel where hydrogen and the liquid phast> are 

separated. The liquid phase is transferred to a product receiver. The product is then 

separated from the catalyst, a part is recycled and the main stream is stored in a 

tank for subsequent purification. 

The purification section consists of methanol and dehydration columns, a flash 

reboiler, strippers for toluene diamine and residue. 

a.3. Toluene diisocyanate production 

Toluenediisocyanate is obtained by the phosgenation of toluene diamine in 

orthodichlorobenzene. The reaction mixture enters several phosgenators. 

The reaction products contained in orthodichlorobenzene enter an absorber-stripper 

which is used to remove HCl and excess phosgene. Gaseous µhesgene and HCl leave 

the top of the absorber-stripper. 

The bottoms from the absorber stripper contain TOI. The stream is fed to the 

nhosgene stripper. The bottoms are transferred to the purification section which 

consists of crude product flasher and preconcentrator and distillation columns. 

The phosgene required for the reaction is produced from carbon monoxide and 

chlorine in the phosgene reactor over activated carbon. 

b) Definition of Plant Facilities 

The plant facilities include all the equipment reriuired by the processes described 

above, plus the electricity distribution system, the steam system, the cooling water 

system and all th'3 general services and buildings. 

Total Investment 

The nominal capacity of the prodl1ction unit is 10 OOC to11s per year. 

The battery limits investment in Europe is estimated at US$ 28 000 000, investment 

figure based on the process presented previously, and including the concentration at 

nitric acid. 

The er3cted cost in Indonesia is estimated at US$ 39 ZOO OOfJ and the total fixed 

investment cost including pre-opernling costs and inter~st::s during the ceir.struction 

amounts to US$ 49 400 000. 

The detailed investment cost i'3 presented in table 17. 
ln~18niP.1Jr conSfJil 
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Technical Requirements 

The technical requirements include the co1;:>umptiom of raw materiats ar.d utilities, 

the costs of catalysts and chemicals and the costs of operating manpower. 

In the utili1.
1 

costs the cooling water costs are derived from equivalent electricity 

and raw water expenses. 

Technical requiremenls are presented in table Us. 

Production Cost and Product Value 

The production cos and product value are calculated according to the basis 

~,·esented in the methodology related to r.he calculation of variable charges, fixed 

charges and depreciation. 

-:-he results are presented in table 1'1. 

This table lets appear the most irnportc:nt part taken by the investment-related 

charges or retu 1 n (fixed charges, depreciation, ROI) which constitutes nearly 55 % of 

the product value. 

In the basic case, no credit value is considered for HCl produced in t.he re:Jctirm. 

Economic Results. C'lrnparison with international P'ices 

The international price of TOI is taken at 2 200 US$/ton. The product valL•e of 

2 170 US$/ton is comparable with international price and the internal rate of return 

(14 % in the base case for the 2 200 U5$/ton international price) can be considered 

a::. .... ::ceptable • 

The share of nitric acid r:ost in the total pro.:Juct value is relatively luw and the 

in,pact of this low cost on thfl total product value is small compared to the influence 

o~ •:he ir1vestr.1ent cost. 

-----------------------
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4.6.6. 

u 

Sensitivity Analysis. Conclllsions 

Main influing factors are possible variations in investment cost and in the 

valorization of by-product HCl : 

- a 10 % increase on the investment would lead to an increa~e of 120 US$/ton of the 

product vaiue, i.e. a total product value of 2 291 US$/ton 

- a valorization of HCl at 50 :.JS$/ton would lead tlJ a decrease of 147 US$/ton of 

the product value, i.e. a total product value of 2 024 US$/ton 

On the only ev11luation of profitability this project, at a minimum 10 000 tpa size, 

appears justi tied. Should be reccllled all critical problems relating to raw mC\terials -

availability, cost, environment - o.. ~tu high investment requirements. 
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Tabla 17 

TOLUENE DIISOCY ANA TE 

10 000 tons/ year 

TOTAL INVESTMENT co~ T 

Total battery limit.:; 

Off-sites 

Erected cost in Indonesia 

Pre-opec a ting expenses 

Fixed investment cost 

Interests during tlie construction 

T ot:il fixed investment cost 

vVorking capital 

TOTAL INVESTMENT COST 

81. 

In 10J US$ 

28 000 

11 200 

39 200 

5 900 

.'.+5 100 

49 400 

3 600 

53 oou 

lnff..-!r1iC-!t1r conseil 
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Table 18 

TOLUENE DllSOCY ANA TE 

10 000 tons/year 

TECHNICAL REQUIREMENTS 

Raw Materials and B~-Products Per unit 
Ton I Ton 

Toh.1ene 

Nitric acid 

Hydrogen 

Chlorine 

Carbon rnono/\ide 

HCl 

Utilities consumption 

Power in kWh 

Coolinq water in m3 

Stearn in 106 Kcal 

Fuel in .:.06 Kcal 

Catalysts and c~emica1s 

Manpowel' Number 

50 

0.66 

0.95 

0.11 

0.96 

0.4.I 

(2.94) 

P<:ir ton 

l 45'0 

l 620 

8.65 

0.55 

Per ton 
in US$ 

65 

Cost per 
person 

2 500 

8?. 

Annual 
(in tons) 

6 6"0 

9 500 

11 ODO 

9 600 

4 300 

(29 400) 

1\nnuai 

14 900 000 

16 200 OlJlJ 

86 500 

5 500 

Annual 
in US$ 

650 000 

Annual cost 
in US$ 

125 000 

ln~Jenie1'r ;-;onsr1!I 
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Table 19 

TOLUENE DIISOCY ANA TE 

10 000 tons/ year 

PRODUCTION COST AND PRODUCT VALUE 

RAW MATERIALS AND BY-PRODUCTS 

Toluene 

Nitric 3cid 

Hydrogen 

Chlorine 

Carbon monoxide 

HCl 

V ARIP.BL.E CHAf~CES 

Utilities 

Ca~alysts and chemicals 

FI~'<ED CHARGES 

Labour 

Maintemince 

Overhead expenses 

Insurance, taxes 

hterest::. on working capital 

DEPRECih TION 

COST OF PRODUCTION (US~ 

ROI 

TOT AL SALEc; 

PRODUCT VALlk: (US$/ton) 

l 980 000 

l 282 500 

l 320 000 

l 440 000 

860 000 

0 

l 710 000 

650 000 

125 000 

l 482 000 

866 OOJ 

185 300 

360 000 

4 "110 000 

14 77P 800 

4 940 000 

21 710 000 

2 170 

·----·-·------·-

83. 
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4. 7. Nitrochlorobenzenes 

4. 7.1. Technical Description and Oeiinition of Plant Facilities 

Orthonitrochlorobenzene and Paranitrochlorobenzene are produced by nitntion of 

monochlorobenzene. 

Tile upstream production of monochlorobenzene by chlorination of benzene in liquid 

phase is described but not included for the purpose of p,·efeasibility evaluation ; this 

has no significant effect on the conclusions cf such evaluation. 

a) Technic.:il Oe..;cription 

a.l. Monochlorobenzene production 

Production of chlorobenzene i;, based upon liquid-phase chlorination of benzene in 

the presence of a catalyst. Benzene used in the i:;rocess should be free of paraffinic 

impurities and thoroughly dried. Chlorine gaq has to be supplied dry. Since the 

reactants are dry, the ch!orinator is constructed af iron or steP.l in the form of deep 

lank or horizontal vessel. Ferric chloride is usually used as catalyst. lhe chlorinator 

is charged witn benzene and chlorine gas. n.e desired reaction temperature (about 

40°C for chlorobenzene) is maintaim~d by circulation of the liquid U1rough the 

external coole1·. 

The degree of chlorination is determined by density measurements ; the chlorinated 

product is withdrewn rontinuously to the neutr:::>~izer. 

The rtCl gas coming ~ro.n the chiorinc1t.0r is sent to a scrubber. Jn the neutra1izer, 

dissolvt:d HCl is reacted with causti.; solution and maintained slighdy alkaline to 

protec:t downstream equip:nent from c·o;rosion. 

~ .. fter neutralization th~ mixture .:if caustic solution and organic phase is sent to a 

decanter where the aqueous and organic phases are separ3ted. 

--------· lr1~JF?ntelJr r.cnseil 
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The organic phase from the decanter is sent to a flash drum where benzene and 

monochlorobenzene are taken off overhead. The overhead from the flash drum goes 

to benzene column and chlorobenzene column where chlorobenzene product is taken 

off overhead. 

a.2. Nitrochlorobenzene production 

The chlorobenzene is nitrated continuously by a mixed acid containing 35 % HNO:_s, 

53 % H2S0a and H20 in an agitated reactor with ~ooling coi!s. The reaction product 

is decanted in a special decanter. The nitrated product is washed several times. The 

nitrochlorobenzene obtained is a mixture o·.= 65 % ortho and 34 % para. 

The mixture is cooled to a temperature slightly above its freezing point and a large 

portion of the para isomer slowly crystallizes and is separated from t1 . .3 mother 

liquor. 

The liquid mixture of isomers is separated by a combination of fractionnal 

distillation and crystallization. 

The o-chloronitrobenzene coming from the separation column is evaporated in a 

special evaporator. Chlorobenzene is recycled and the spent acid is concentrated to 

recover the sulfuric acid. 

b) Definition of Plant FacilitiP.s 

The plant facilities include the equipment required by the processes described 

above, plus the electricity distribution system, the steam system, the cooling water 

system and all the general services ar.d buildings. 

For the p'-lrpose of prefeasibility evaluation, the chlorination section (transforniation 

from benzene to rnor.ochlorobenzene) is not included. 

-----------·----------------- lr1fJer•i8tJr c.onspil 



I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

4.7.2. 

4.7.3. 

4. 7.4. 

86. 

Total investment 

The nominal capacity of the nitrochlorobenzene pr:::iduction l.!nit is 5 000 tons/year. 

The battery limits investment in Europe is eslimated at US$ 5 900 ODO, investment 

figure based on the process presented previously, and includin9 the concentration of 

r.i tric acid. 

The erected cost in Indonesia is estimated at US$ 8 250 ODO and the total fixed 

investment cost including pre-operating costs and interests dt.:ring the constructi'Jn 

amoun::.s to US$ 10 400 ODO. 

The detailed investment cost is presented in table 20. 

Technical Requirements 

The technical requirements include the consumptions of raw materials and utilities, 

the costs of catalysts an.J chemicals and the costs of operating manpower. 

In the utility costs the cooling water costs are derived from equivalent electricity 

and raw water expenses. 

Technical requirements ara presented in tabl"! 21. 

Production Cost and Product Value 

The production cost and product value are calculated according to the basis 

presented in the methodology related to the calculation of variable charges, fixed 

charges and depreciation. 

The results are presented in table 22. 

This table lets appear Lhe most important i-iart taken by the cost of raw materials, 

especially monochlorobenzene intervening for nearly 55 % of the total product 

value. Effect of investment is still valuable but not to a too large extent (around 32 

% of the prod..ict "alue). 

lnqP.nietir conseil 
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4.7.5. 

4.7.6. 

Economic Results. Comparison with International Prices 

The international prices for both ortho and para-nitrochlorobenzene lie between 

l 550 and l 650 US$/ton. A l 600 US$/ton price is taken for the product, as a 

compromise between the price of product rendered in Im .. mesia and the export 

price, since a large part of p-nitrochlorobenzene will have to be exported. 

The product value of l 560 US$/tori is comparable with the international price and 

the internal rate of return (14.4 % in the base case for the l 600 US$/ton 

international price) can be considared as acceptable. 

Sen$i ti vi ty analy3is. Conclusions 

Main ;nfluing factors are variations in monochlorobenzene price and investment 

evaluation : 

- a monochlorobenzene of l 265 US$/ton instead of l 150 (i.e. 10 % increase) would 

increase the product value of 85 US$/ton, i.e. up to l 645 US$/ton 

a 20 % increase of the investment would increase the product value of 100 

US$/ton, i.e. up to l 660 US$/ton. 

The project at this size appears thus justified. 
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TnlJ1e 20 

0- and P-NITROCHLOROBENZENES 

5000 tons/year 

TOT AL INVESTMENT COST 

Total battery limits 

Off-sites 

Erected cost in Indonesia 

Pre-operating expenses 

Fixed investment cost 

Internsts during the construction 

Total fixed investmant cost 

Working capital 

TOTAL INVESTMENT COST 

Bf:!. 

In 103 US$ 

5 ?00 

2 350 

8 250 

1 250 

9 508 

9fJO 

~o 400 

1 350 

11 750 

lt19(~niu11r conseil 
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Table 21 

0- and P-NITROCHLOROBENZENES 

5 000 tons/ year 

TECHNICAL REQUIREMENTS 

Raw Materials and By-Products 

Monochlorobenzene 

Nitric acid 

Sulphuric acid 

Utilities consumption 

Power in kWh 

Cooling water in m3 

Stearn in 106 Kcal 

f--uel in 106 Kcal 

Number 

30 

Per unit 
Ton I Ton 

0.74 

0.43 

0.03 

Per ton 

450 

100 

3.6 

0.3 

Cost per 
person 

2 500 

89. 

Annual 
(in tonsJ 

3 700 

2 150 

150 

Annual 

L 250 000 

500 000 

18 000 

l 500 

Annual cost 
in US$ 

75 UDO 
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Table 22 

I 0- and P-NITROCHLOROBENZENES 

I 
5 000 tons/year 

PRODUCTION COST AND PRODUCT VALUE 

I 
I RAW MATERIALS 

Monochlorobenzene 4 255 000 

I Nitric acid 290 300 

Sulphuric acid 18 000 

I VARIABLE CHARGES 

I Utilities 447 00 

I 
FIXED CHARGES 

Labour 75 000 

I Mairtenance 312 000 

Overhead expenses 231 000 

I Insurance, taxes 39 000 

I 
Interests on working capital 135 000 

DE PR EC IA TION 950 000 

I 
COST OF PRODUCTION (US$) 6 752 300 

I ROI l 040 000 

I 
TOTAL SAl_ES 7 792 300 

PRODUCT VALUE (US$/ton) 1 560 

I 
I 
I ln~Jf)nieur consBil 



I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1. 
I 
I 
I 
I 
I 
I 
I 

91. 

4.8. Cyclohexylamine 

4.8.1. Technical Description and Definition of Plant Facilities 

a) Teci1nical Description 

Cyclohexylamine is obtain~d by hydrogenation of aniline. The hydrogenation 

reaction (T 0 :230°C, P=60 atm) is highly exothermic, the reaction heat usually being 

removed by steam generation. 

Aniline and hyd;:ogen-rich gas are fed to a liquid-phase reactor. Overheads are sent 

to a fixed bed finishing reactor where Raney-type catalysts convert the remo.inin'] 

aniline. The concentration gradient across the second reactor is such that over 100 

per cent conversion can be obtained. Effluent from the second reactor is cooled and 

separated in a high pressure drum. Gas from the drum can be partially recycled 

depending on the purity of the original hydroqen stream, the residual amount being 

sent to fuel. Product is then fractionated in a stabilizer, pure e;yclohexylamine being 

drawn off from the bottom of tr.e column. 

Product purity is dependent on high purity aniline feed. Hydrogen feed needs to have 

low sulphur and carbon oxide levels. 

b) Definition of plant facilities 

The plant facilities include all the equipment required by the process described 

above, plus the electricity distribution syste~, the steam system, the cooling water 

system and all the general services and buildings. 

4.8.2. Total Investment 

The nominal capacity of the cyclohexylamine prortuction unit is 2000 tons/year. 

The battery limits investment in Europe is estimated at US$ 2 flOO ODD, investment 

figure based on the process presented previously. 



4.8.3. 

4.8.4. 

92. 

The erected cost in Indonesia is estimated at US$ 2 800 000 and the total fixed 

investment cost including pre-operating co:.ts and interests during the construction 

amounts to US$ 3 550 000. 

The detailed investment cost is presented in table 23. 

Technical Requirements 

The technical requirements include the consumptions of raw materials and utilities, 

the costs of catalysts and chemicals and the costs of operating manpower. 

In the utiaty costs the cooling water costs are derived from equivalent electricity 

and raw water expenses. 

Technical requirements are presented in table 24. 

Production Cost and Product Value 

The production cost and product value are calculated according to the basis 

presented in the methodology related to the calculation of variable charges, fixed 

charges and depreciation. 

The results are presented in table 25. 

P-1is table lets appear the major part taken by the cost of raw materials, which 

constitutes nearly 70 % of the total product value. 

The effect of investment cost is limited but still appreciable (around 25 % of the 

product value). 

lngenieur conseil 
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4.8.5. 

4.8.6. 

Economic Results. Comparison with international prices 

International prices for cyclohexylamine are comprised between l 700 and l 800 

US$/ton. A l 800 US$/ton price is taken for the product rendered in Indonesia. 

The product value of about l 700 US$/ton is attractive as compared with the 

international price. Similarwise the inte:nal rate of return of the project, en the 

basis of a l 800 US$/ ton sales price for cyclohexyla:nine is relatively attractive : 

17 % in the base case. 

Sensitivity analysis 

Main influing factors are variations in aniline price or investment cost 

- an aniline price of l 210 US$/ton instead of l 100 US$ (10 % increase) would 

increase the product value of 108 US$/ton, i.e. up to a total of l 906 US$/ton 

a 20 % increase on the investment would increase the product value of 

85 US$/ton, i.e. up to a total of l 783 US$/ton 

Would be this 2000 tpa size of production installed for meeting sure market 

requirements, the project appears justified. 

A smaller size at say 500 tpa would yield an increase of. the investment cost per ton 

of about 50 %, thus leading to a product value over 1900 LJS$/ton or an IRR below 

10 %. 

fngenieur conseil 
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Table 2J 

CYCLOHEXYLAMINE 

z oao tons/ year 

TOT AL INVESTMENT COST 

Totai battery limits 

Off-sites 

Erected cost in Indonesia 

Pre-operating expenses 

Fixed investment cost 

Interests during the construction 

Total fixed investment cost 

Working capital 

TOTAL INVESTMENT COST 

94. 

In lOJ US$ 

2 000 

700 

2 800 

450 

3 250 

300 

J 550 

570 

4 120 

ln9enieur conseil 
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Table 24 

CYCLOHEXYLAMINE 

2 000 tons/ year 

TECHNICAL REQUIREMENTS 

Raw Materials and By-Pr.'Jducts Per unit 
Ton/ Ton 

Aniline 0.98 

Hydrogen 0.085 

Utilities consumption Per ton 

Power in kWh 90 

Cooling water in m3 100 

Process w<'iter 1 

Stearn in 1G6 Kcal 0.4 

Per ton 
in US$ 

Ca ~al ysts and Ghemicals 

3 

Cost per 
person 

Manpower Number 

20 2 .5011 

95. 

Annual 
(in tons) 

l 960 

170 

Annual 

180 ODO 

zoo 000 

2 000 

BOO 

Annual 
in US$ 

6 000 

Annual cost 
in US$ 

.50 000 

lngenieur conseil 
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Table 25 

CYCLOHEXYLAMINE 

2 000 tons/year 

PRODUCTION COST AND PRODUCT VALUE 

RAW ivlATERIALS 

Aniline z 156 000 

Hydrr.Jgen 204 000 

VARIABLE CHARGES 

Uti.ities 19 JOO 

Catalysts and chemicals 6 000 

FIXED CHARGCS 

Labour 50 000 

Maintenance 106 500 

Overhead expen!-':es 10.3 .300 

Insurance, taxes u .300 

Interests on working capital 57 000 

DEPRECIATION .325 000 

COST OF PRODUCTION (US$) 3 040 100 

ROI .355 000 

TOTAL SALES .3 .395 100 

PRODUCT VALUE (US$/ton) l 698 

lngenieur conseil 
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4.9. Aniline 

4.9.l. 

Aniline can be obtained either by reduction of mononitrobenzene or by ammonaly·;iJ of 

phenol. 

-, he selected route is the reduction of mononitrobenzene by hydrogen. 

Technical Description and Definition 0 40 Plant Facilities 

a) Technical Description 

a.l. Nitrabenzene production 

A mixed acid stream containing sulphuric and nitric acids is charged to the nitration 

reactor. Weak nit~ic acid can be used, consequently a fairly high rate of 96 per cent 

sulphuric aciu will be necessary. The nitration vessels are conventional stirred-tank 

type reactors equipped with internal cooling coils. The number of nitration reactors 

varies among producers, however the current number is comprised between 2 and 4. 

The mixed acid-organic flow is arranged so that the strongest acid contacts the 

solution containing the highest concentration of nitrobenzene. The emulsion leaving 

the last nitrator enters the decanter where it is separated by gravity. 

Tre nitrobenzene from the decanter is next washed with a dilute sode:> ash solution 

and water to remove residual amounts of entrained and dissolved acid. 

The acid-free nitrobenzene from the last washer is heated and then sent to the 

nitrobenzene flasher. The liquid phase from the flasher is nitrobenzene sent to 

storage. 

a.2. Aniline production 

Nitrobenzene and hydrogen are sent to a vaporizer which is a tower equipped with 

sieve trays and a reboiler. The gas mixtOJre is then sent to the bottom of rea-:tor. 

The gas passe& through a porous distributor plate, and then enters the fluidized bor1 

lngenieur conseil 
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4.9.2. 

4.9.3. 

~I 

of catalyst. Reaction temperature ar.d pressure are controlled. The heat of reaction 

is removed via an adequate sytem. The catalyst is slowly deactivated due to 

deposition of organic materials. Hence, it is necessary to regenerate the catalyst 

about every three months. The aniline and water in the gaseous effluent from the 

reactor are condensed in the product gas condenser. The hydrogen stream, after a 

short treatment, is compressed and recycled to the reaction system. 

The water-aniline stream is separated by gravity in a separator. The water rich 

phase is fed to the water removal column. The organic phase is sent to a recovery 

column. Aniline prodJct is taken overhead from the refining column and sent to 

storage. 

b) Definition of Plant Facilities 

The plant facilities include all the equipment required by the processes described 

above, plus the electricity distribution system, the steam system, the cooling water 

system and all the general services and buildings. 

Total Investment 

The nominal capacity of the production unit 1s 5 ODO tons/year. 

The battery limits investment in Europe is e~timated at US$ 7 800 ODO, inve:itment 

figure based on the process presented previously. 

The erected cost in Indonesia is estimated at US$ 10 600 000 ~nd the total fixed 

investment cost including pre-operating costs and interests during the construction 

amounts to US$ 13 3 50 000. 

The detailed investment cost is presented in table 26. 

Technical Requirements 

The ti:>chnical requirementfs inC:ude the consumptions of raw materials and utilities, 

the costs of catalysts and chemicals and the i.:osts ot operating manpow1Jr. 

lngenieur con8eil 
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In the utility costs t11e co01ing water costs are derived from equivalent electricity 

and raw water expenses. 

Technical requirements are presented in table 27. 

Prod«..:ction Cost 9nd Product Value 

The production cost and product value are calculated according to the basis 

presented in the methodology related to the calculation of variable charges, fixed 

charges and depreciation. 

The results are presented in table 28. 

This table lets appear the important part taken by the investment-related charges or 

return (fixed charges, depreciation, ROI) which intervene for over 50 % of the total 

product v:ilue. 

Economic Results. Comparison with International Prices. Conclusions 

In accordance with medium-term international prices at around 450 $/ton for 

bennne, ~ne international prices for aniline will be around l 100 $/ton. 

The product value of nearly l 300 $/ton appears relatively high. The IRR of 5.9 %, 

calculated on the l 100 $/tan value, confirms the bad economic results for such a 

project. 

it n.:::inly comes from the effect of low capacity size : an acceptable IRR r?nge 

between 10 and 12 % would be obtained for a minimum size of 40 000 - 50 000 tpa, 

all other C'Jsts being maintained. 

In the iight of economic results this project of aniline does not appear justified in 

the shorl and medium term. 

lngenieur conseil 
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ANILINE 

I 5 000 tons/ year 

I TOT AL INVESTMENT COST 

I In 103 US$ 

I Total battery limits 7 800 

I 
Off-sites 2 800 

Erected cost in Indonesia 10 600 

I Pre-operating expenses l 600 

I 
Fixed investment cost 12 200 

Interests during the construction 1 150 

Total fixed investment cost lJ 350 

Working capital 
I 100 .I. 

TOT AL INVESTMENT COST 14 450 

lngenieur conseil 
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Table 27 

ANILINE 

5 000 tons/ year 

TECHNICAL REQUIREMENTS 

Raw Materials and By-Products 

Benzene 

Nitric acid 

Hydrogen 

Utilities consumption 

Power in kWh 

Cooling water in m3 

Stearn in 106 Kcal 

Fuel in 106 Kcal 

Catalysts and cherr .. :als 

Number 

35 

Per unit 
Ton I Ton 

0.88 

0.73 

0.066 

Per ton 

90 

360 

0.59 

0.48 

Per ton 
in US$ 

7 

Cost per 
person 

2 500 

101. 

1-\nnual 
(in tons) 

4 400 

3 6SO 

330 

Annual 

450 000 

l 800 ODO 

z 950 

2 000 

Annual 
in US$ 

35 000 

Annual cost 
in US$ 

87 500 

lngenieur conseil 
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Table 28 

ANILINE 

5 000 tons/year 

PRODUCTION COST AND PRODUCT VALUE 

I 
RAW MA TERIP,LS 

Benzene 1 980 000 

I Nitric acid 492 800 

Hydrogen 396 000 

I 
V ARIJ-\BLE CHARGES 

I Utilities 71 100 

I 
Catalysts and chemicals 35 uoo 

FIXED CHARGES 

I Labour 87 500 

I 
Maintenance ~00 500 

Overhead expenses 287 800 

I Insurance, taxes 50 10~ 

Interest; on working capital llO 000 

I 
DEPRECIATION l 2ZO 000 

I COST OF PRODUCTION (US$) .5 130 800 

I P.01 1 335 000 

TOT AL S.ALES 6 465 800 

I PRODUCT VALUE (US$/ton) 1 293 

I 
I lngenieur conseil 
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4.10. Rubber Chemicals - MBT 

4.10.l. Technical Descript~on and Definition of Plant Facilities 

2-Mercaptubenzothiazole (MBT) is produced by heating aniline with carbon 

disulphide, sulphur and caustic soda at over Z00°C according to the following 

equation: 

Aniline + CSz + s NaOY MST Na+ HZS 

By-product hydrogrn sulphide is usually converted back to sulphur in a Claus plant 

but for economic reasons is rather neutralized with caustic soda to obtain sodium 

sulphhydrate to be disposed off as such. 

The sodium salt of mercaptobenzothiazole cc>n be neutralized with hydrogen chloride 

to form MBT itself which is used as such as a rubber accelerator. 

The plant facilities include the equipment required by the process described above, 

plus the electricity distribution system, the steam system, the cooling water system 

and all the general services and buildings. 

4.10.2. Total Investment 

The nominal capacity of the MBT production unit is l 000 tons/year. 

The battery limits investment in Europe is estimated at iJS~ l 800 000, investment 

figure based on the process presented previously. 

The erected cost in Indonei.ia is estimated at US$ 2 500 000 and the total fixed 

investment cost including pre-operating costs and interests during the construction 

amounts to US$ 3 200 000. 

The detailed investment cost is presented in table 29. 

lngenieur conseil 
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104. 

The technical requirements include the consumptions of raw materials and utilities, 

tr.e C1Jsts of catalysts and chemicals and the costs of operating rm.npower. 

In the u!:.i~ity costs the cooling water costs are derivec from equivalent electricity 

3nd raw water expenses. 

Technical requireiner.ts are presented in table 30. 

4.10.4. Production Co.:.£ and Product Value 

The production cost and product value are calculated according to the basis 

presented in the methodology related to the calculation of variable charges, fixed 

charges and depreciation. 

The results are presented in table 31. 

This table lets appear the important parts taken by the investment-related charges 

r return (fixed char~es, depreciation and ROI) and the costs of raw materials, 

respective.ly 54 % and 35 %. 

4.10.5. Economic results. Comparison with International Prices 

International price for MBT is estimated at Z 400 US$/ton, product rendered in 

Indonesia. 

The product value of 2 ZOO US$/ ton can be con:>idered as attractive as compared 

with the international price.. Similarwise, the internal rate of return of the project, 

on the basis of a 2 400 US$/ton sales pri~e for MBT is considered as attractive : 

17 .8 % in the baae cttse. 

lngenieur conseil 



I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 

105. 

4.10.6. Sensitivity Analysis. Conclusions 

Main influing factors are variations in raw materia!s prices and investment cost: 

a 10 % increase of raw materials would increase the product value of 119 

US$/ton, i.e. up to a total of 2 319 US$/ton 

a 20 % increase on the investment would increase the product value of 154 

US$/ton, i.e. up to a total of 2 354 US$/ton 

After market requirements for rubber chemicals having been met by producing 

plants, this MBT project appears justified. 

lngenieur conseil 
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Total battery limits 

Off-sites 

Erected cost in Indonesia 

Pre-operating expenses 

Fixed investment cost 

Table 29 

MBT 

l 000 tons/ year 

TOT AL INVESTMENT COST 

Interests during the construction 

Total fixed investment cost 

Working capital 

TOT AL INVESTMENT COST 

106. 

In 103 US$ 

1 800 

700 

2 500 

400 

2 900 

300 

J 200 

400 

3 600 

lngenieur conseil 
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Table JO 

MBT 

1 000 tons/year 

TECHNICAL REQUIREMENTS 

Raw Materials and B~-Products Per unit 
Ton I Ton 

Aniline 0.59 

Carbon disulphide 0.54 

Sulphur 0.21 

Caustic soda 0.5 

Hydrochloric acid 0.22 

Utilities consumptiora Per ton 
in US$ 

All included 70 

Manpower i~umber Cost per 
person 

25 2 500 

107. 

Annual 
(in tons) 

590 

540 

210 

500 

220 

Annual 
in US$ 

70 000 

Annual cost 
in US$ 

62 500 

lngenieur conseil 
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Table 31 

MBT 

l 000 tons/year 

PRODUCTION COST AND PRODUCT VALUE 

RAW fvlA TERIALS 

Aniline 

Carbon disulphide 

Sulphur 

Caustic soda 

Hydrochloric acid 

VARIABLE CHARGES 

Utilities 

Packaging 

FIXED CHARGES 

Labour 

Maintenance 

Overhead expenses 

Insurance, taxes 

Interests on working capital 

DEPRECIATION 

COST OF PRODUCTION (US$) 

ROI 

TOTAL SALES 

PRODUCT VALUE (US$/ton) 

649 000 

378 JOO 

25 200 

125 000 

11 000 

70 000 

10 000 

62 500 

96 000 

110 500 

12 000 

40 000 

290 000 

l 879 200 

320 000 

2 199 200 

2 200 

108. 

lngenieur conseil 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

n=- D 

'1111 beic~ 
l09. 

4.11. Integrated Complex for Nitdc Acid, Ammonium Nitrate and Calcium Nitrate 

Productions 

4.11.l Technical Definition and Requirements. Investment and Operating Requirements 

As given above the definition of the three individual plants - nitric acid, ammonium 

nitrate, calcium nitrate - is based on the integration of these units together on a 

same site with a common infrastructure and offsite I utilities system. 

Hence the technical definition and requirements for the integrated complex 

correspond to the only addition of inputs from each of the three individual plants 

sized at 40,000 tons/year for nitric acid, 26,000 tons/year for ammonium nitrate and 

12,000 tons/year for calcium nitrate, e.g. resulting in yearly requirements of about 

17 ,000 tons of ammonia and 8,000 tons of limestone at full capacity. 

The same applies to investment and operating requirements, resulting in the 

following estimates: 

• US$ 15,000,000 for the battery limits investment on European basis 

• US$ 20,250,000 for the total erected cost in Indones!a 

• US$ 22,860,000 for the total fil(ed investment cost, including pre-opernting costs 

but excluding interests during construction 

• US$ 353,500 for the yearly cost of utilities at full capacity 

• 105 people for the operating manpower. 

lngenieur conseil 
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4.11.2 Methodology and Bases for Economic - Financial Evaluation 

This evaluation is performed through the analysis rif various profitability and 

financial ratios established according to a computer model, where the following 

results are issued: 

• Internal rate of return on the project (on gross cash flow) 

• After tax cash flow on total investment 

• Return on equity (as cash available) 

• Net income statement 

• Balance sheet 

Approach and wording for the main inputs/outputs of the evaluation are illustrated 

in figures in Appendix. They refer to the statement for economic evaluation or 

financial income and to the yearly balance sheet. 

Bases concern the following main items: 

- Investments costs 

They are constituted as in the evaluation of individual projects, with the following 

schedule of disbursement: 

20% of erected cost, in 1988 

45% of erected cost, in 1989 

35% of erected cost+ preoperating expenses, in 1990. 

Interests during the construction are capitalized at the end of investment period 

in 1990. 

lngenieur conseil 
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- Working capital 

It is 1~·nstituted by inventories (for raw materials, products, spare parts, catalysts 

and chemicals), operating cash, accounts receivable (1 month of sales) and 

accounts payable (1 month of raw m~terials). 

- Equity and loan bases 

The initial equity/debt ratio is taken at 30/70. With interests during construction 

being paid on equity this ratio becomes about 1/3-2/3. 

On a current inflated basis in Indonesia and starting f roin world prevailing 

conditions (m<:t.<imum 9% prime rate), the loan conditions have been appreciated as 

follows: 

. 7 years of reimbursement for the long term loans, with a grace period 

corresponding ta the initial year of reimbursement for the 1st year of operation 

(1991) 

. overall rate of interests of 18% per year. 

This high rate of interest reflects ta a great part the ef feet of inflation 

differential between currencies. As, for a better comprehension of results, our 

financial evaluation is made on a constant basis, a coherent rate of interest (in 

line with the world rates) would lie in a 10-12% range, this latter figure of 12% being 

adopted in the evaluation. 

In other terms the 18% rate of interest is justified in a financial evaluation in 

current terms where a minimum 6-7% inflation is taken into account as a 

differential between the local and the international currencies. 

- Depreciation - Taxes 

A double declining balance is adopted, with a 25% rate of depreciation. 
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Taxes apply on the gross cash flow from which are deducted the depreciation and 

the interests on loans, with a 35% rate. 

- Costs for Fixed and Variable Charges 

As indicated above they are the sum of constituents in the evaiuation of each of 

the three individual projects of production for nitric acid, ammonium nitrate and 

calcium nitrate: 

- Operating Rate 

In the base case, as retained in the evaluation of individual projects the following 

schedule is retained; 

80% of nominal capacity in the l st year of operation (1991) 

90% of nominal capacity in the znd year of operation (1992) 

100% of nominal capacity in the 3rd year of operation (1993) and following years. 

In the sensitivity analysis a more pessimistic case which takes into account 

constraints on market and operation is as follows: 

60% in the l st year of operation 

70% in the 2nd yi:iar of operation 

80% in the 3rd year of operation 

90% in the 4th year of operation 

95% in the 5th year of operation (1995) and following years 

- Lifetime 

Lifetime of the project is taken at 15 years, up to year 2005. 
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- Prices of raw materials and products 

As given and justified in the evaluation of individual projects the following prices 

are taken in 1987 US$/ton, for: 

ammonia 110 (high price 170) 

limestone 30 (high price 40) 

nitric acid 170 (low price 150) 

ammonium nitrate 230 (low price 21G) 

calcium nitrate 240 (low price 220) 

where the prices between brackets are taken in alternate cases in the sensitivity 

study. 

4.11.3. Results (see computer tables in Appendix) 

In the base case (basic costs and prices for raw materials and products, operating 

rate as evaluated for the individual projects) the main results are: 

a return on gross cash flow (or Internal Rate of Return) of 20.5% 

• a return on after tax cash flow of 17 .0% 

• a return or cash available on equity of 20.5% (financial income generated by the 

project included) 

• a net operating p:-ofit from the 3rd year of operation, after reimbursement and 

payment of interests on loans. 

In the sensitivity analysis the variations of main influing factors are evaluated. 

Resulting profitability results given in Appendix show the effect of such variations 

w!th a significant decrease for the various returns. 
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Table 32 sums up the main results for different alternate cases which correspond to 

plausible and more pessimistic estimates: 

- increase of raw material prices, 170 $/ton for ammonia instead of 110 $/ton (in 

line with expected world prices in the medium term) and higher price of limestone 

(40 $/ton instead of 30 $/ton) 

- decrease of product prices by 20 $/ton 

- lower operating rate with figures varying between 60% and 95% of nominal 

capacity in 5 years of operation, instead of 80% to 100% in 3 years. 

In each case the rates of return are lowered by ahout 3.5% for the internal rate of 

return on gross cash flow and about 6% for the return on equity, as given in table 32. 

Figures 8 and 9 illustrate the sensitivity to main influing factors, i.e. according to 

variations on prices of raw materials and p1·oduct:; and on operating rates. 

4.ll.4 Conclusions 

The evaluation of the integrated complex confirms the economic and financial 

results obtained with the individual units. 

All discounted cash flow returns lie in a quite acceptable or even attractive range: 

between 14 and 20% for the internal rate of return of the whole project and between 

7 and 20% for the retL1rn on equity, in constant terms. 

The project is thus justified and rather attractive in economic and financial terms, 

even with the incorporation of a relatively less profitable unit - calcium nitrate productio 

into account possible worsening conditions either for prices of products (or costs of 

ammonia/limestone) or for operating rates lower than expected. 
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Table 32 

NITRIC ACID INTEGRATED COMPLEX 

PROFIT ABILITY RESULTS 

Rates 'lf return 

Base Case 

Raw materials (1) 
more costly 

Cheaper products (2) 

Lower operating rate 

Lower operating rate 
and raw materials more 
costly 

On gross 
cash flow 

(IRR) 

20.5 % 

16.8 % 

17.2 % 

17.2 % 

13.9 % 

On after t::.x 
cash flow 

17.0% 

14.4 % 

14.6 % 

14.8 % 

12.5 % 

(1) Ammonia at 170 $/ton, limestone at 40 $/ton 

(2) Nitric acid sold at 150 $/ton 
Ammonium nitrate at 210 $/ton 
Calcium nitrate at 220 $/ton 

On equity 
(incl.non operating 

inc1.me) 

20.5% 

13.9 % 

14.8 % 

14.2 % 

a.a% 
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Figure 8 

I EVALUATION OF NITRIC ACID INTEGRATED COMPLEX 
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Figure 9 

I EVALUATION OF l'.ITRIC ACID INTEGRATED COMPLEX 
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~ONCLUSIOf,fS - MASTER PLAN FOR THE INDUSTRY 

1. CONCLUSIONS ON THE PREFEASIBIUTY OF PROJECTS 

1.1. Criteria 

The main er: :eria intervening in the feasibility of the projects evaluated relate to: 

- market risks which should be minimized, which is generally the case where d1Jmestic 

comu1r ':.ion is 3lready significant and indeed likely to extend due to the expected 

sustained development of tha related industrial sector ; the exports for such 

production& remain at marginal levels mainly in view of ensuring a more profitable 

rate of production 

- easy access to technology or at least . o drastic imped81nent to obtain for some 

specific productions the external technology or even the investment from well 

known major companies 

- limited order of magnitude for the investment required, in line with local means 

either from public investments or from foreign/local private companies as regards 

the borrowing capacity 

- economic competitivity of the production, due to: 

• minimum cost in n~latior. to the choice of the capacity at a sufficient size level 

• easy availability of raw materials at competitive prices or costs 

• benefit from an existing infrastructure with attractive cos tr. f0r auxiliary 

requirementi:: (utilities, handling, distribution) 

Should all these conditions be ft.Milled the feasibility of projects is obviously quite 

,cceptable. If only a part is fulfilled the feasibility becomes questionable ar ,d even not 

rer:oinrnendable if one of the first two conditions is not met (domestic market size, 

access to technology). 
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1.2. Conclusions on the Projects 

According to the listing and evaluation of above criteria, a ranking can be made for 

the various projects investigated, by increasing order of interest. 

a) Projects to be discarded, after prefeasibility evaluation 

Firstly it tJncerns productions which were discarded at the prescreening stage 

- either due to obviously unsufficient size of market: 

Potassium nitrate and ammonium nitrate, such as fertilizers 

MDI, as isocyanate intermediate for rigid polyurethane foams 

Fenitrothion and new productions of cyclamates 

Intermediates (aromatic amines) for Jyestuffs 

- or for other reasons, like the high level of investment or a rather difficult 

access to the technology: 

Complete chain of production leading to sulphamides 

Complete chain of production leading to pyrazolone products and the 

pyrazolone products thernsel ves 

After that, at the actual stage of prefeasibility evaluation, the demand 

requirements appear definitely too low for the aniline production, with a forecast 

consumption of 3 ODO - 4 ODO tons/year at a 10 year horizon from now. 

This is illustrated by the profitability results for a 5 000 tpa plant: 

- Product value 15 to 20 % higher than the international price 

- Too low internal rate of return of the project, at about 6 % 

Under prevailing conditions an aniline project would be hardly accepc.able below a 

4D 000 tpa size. 
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b) Projects which require either more detailed feasibility investigation or direct 

contacts with a few number of licensing I producing firms in the field. 

It 1nainly concerns projects benefiting from an important added value, but where 

no plant can be set up without passing through a restricted nu1nber of potential 

firms: 

rubber chemicals (and consequently the upstream project of production of til8 

main intermediate - mercaptobenzothiazole or MBT - which can be set up only 

at a later second step after confirmation of a minimum l ODO tpa market) 

. sulpha drugs 

It concerns also the project of TOI (toluene diisocyanate), as raw rnaterial for 

flexible polyurethane foams, at the chosen minimum •!ze of 10,000 tpa. 

This unit would have tn overpass several constraints : 

- complexity of various productions for the filW 'naterials requirements 

(chlorine ; hydrogen ; carbon monoxide) 

- environmental problems in the production/handling of chlorine and phosgene 

- d1 fficult access to a very few number of licensing companies 

- high investment cost 

lt should be recalled that the demand (both domestic and export) is not expected 

to reach the 10 ODO tpa mark lJeforP. 1998 which may lead, according to 

assumptions of prices taken for raw materials and by-p1 .Jducts, to a competitive 

price for TOI. 

The cyclohexylamine project can also be rnnked in this category for further 

detailed investigation, 5ince it.:5 setting up depends only on the decisions to be 

taken in the development of sodium cyclamate rnilrket and rnore generally sugar 
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or sugar substitutes market. A much lower demand for this product, at abcut 500 

tpa for instance with moreover the uncertainty to justify the production in the 

longer term, would Jefinitely discard such a project, with: 

Product value becoming at least 10 % higher than the international price, 

instead of competitive price for a 2000 tpa plant 

- Too low internal rate of return, below 10 % instead of 17 % for a minimum 2000 

tpa plant 

c) Projects which, practically justified after preafeasibility evaluation, require a few 

years before being set up. 

This leaves time to evaluate again the main components of the future decision, in 

the light of: 

- evolution of domestic and international markets along the trends expected 

- updating of feasibility evaluation 

- preliminary contacts with licensing I producing companies 

It concerns the project of nitrochlorobenzenes which can only be justified when 

market requirements reach a minimum 5 000 tpa )(:Vel, thus in the medium 

term only and provided further outlets are found on the export market of 

p-ni trochlorobenzene. 

This is illustrated by the just acceptable profitability of such a unit having to 

export nearly haif of p-nitrochlorobenzene production: 

- Product values just below the international prices 

- Internal rate of return in the range of 12-15 % 

Besides the fact that an export market has to be found, the most sensitive factor 

on such production is the availability and cost of monochlorobenzene as raw 

materia' .• 
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d) Projects which can be decided and precised from now in view of setting-up in the 

near future. 

It firstly concerns the basic production of nitric acid and the other ammonia -

based production, ammonium nitrate for explosives, since these two productions 

can enjoy all the advantages of market, raw materials, technology ::ind 

infrastructure. 

Profitability figures evaluated for these two units stay in a good range after 

taking into account all the sensitivity analysis: 

- Product values below the international prices 

- Internal rate of return at a quite acceptable range of 20-25 % 

It also concerns the production of nitrocellulose for coatings, insofar as linters as 

raw materials are procured at competitive costs. 

Here again the product value and the internal rate of return (at about 12 %) 

support such a positive decision. 

In technical terms only - safety aspects, process possibilities - a production of 

nitrocellulose for explosives could be advantageously coupled in the same plant; 

this, without considering national policy and ownership problems as well as the 

quite different types of market and industry (civilian/militar). 

Although to a less certain extent, the production of nitrate calcium is ranked in 

the same category of projects. Reserves come from the relatively low level of 

capacity, 12 000 tpa, as compared with worldsize plants, as well as from 

uncertainties on the ready availability of good quality .limestone. 

Even with low nitric acid costs whic.h intervene for 1/3 of the final product value 

such a unit being individually implemented would not be fully justified in 

economic and financial terms. 
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However it involves an additional requirement of a minimum of 8,000 tons/year of 

nitric acid at full capacity, which justifies to a large extent the choice of 

production size for nitric acid. Hence, as a second client of nitric acid after 

ammonium nitrate, it participates to the attractive profitability of an integrated 

complex for nitric acid, ammonium nitrate and calcium nitrate 

productions. 
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2.MASTER PLAN FOR THE NITRIC ACID-BASED ll'JDUSTRY 

2.1. General 

The master plan development for such an industry consists of: 

. establishing priorities for decisions and actions to be taken 

• setting-up projects with maximum interrelation 

• recommending sequential development 'lhases between projects during the present 

and next three 5-year plans (Repelitas IV, V and VI) 

Emphasis should be put on the necessary interdependence of projects and, if possible, 

the maximum integration when it definitely presents important economic advantages 

(infrastructure, utility and offsites costs, direct transfer prices for nitric acid or for 

other raw materials having to bear high transport costs). 

The whole industry should be built through two approaches: 

- starting from the conception of a nitric acid production, if justified at the 

beginning, and developing in the course of time downstream productions in the 

various sectors of application 

- starting from the production of final products and developing upstream productions 

of intermediate materials and finally nitric acid 

In the particular case of this nitric acid-based industry, both approaches are valid and 

converge together to an harmonious development within the next 10 or 15 years. 

2.2. Present Status and Projects Already Planned 

An embryonic nitric acid-based industry already exists with downstream productions of 

paracetamol by PT RIA SIMA ABADI (soon to be extended by the production of para­

aminophenol, its raw material) and sodium cyclamate by at least five companies. 
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Moreover different projects have been applied for and are at a more or less advanced 

stage before final decision of setting-up: 

- carbofuran production (joint project by several companies) 

- nitrocellulose production (two projects) 

complemented with the intention of several companies to develop the industry in 

specific sectors of application (dyestuffs productions, rubber chemicals plant). 

Finally the foundation stone for this industry, the PUPUK KUJANG project of nitric 

acid and ammonium nitrate productions at the Cikampek site, is already in the files 

and can thus be soon decided. 

These existing units (paracetamol and soon paraaminophenol, sodium cyclamate) are 

quite justified and their sizes are adapted to the market requirements in the short and 

medium term (unfortunately to a lesser extent for sodium cyclamate, due to the trends 

in a new policy against the development of this particular industry). It also appears to 

be the case for the planned carbofuran production. 

Sizes of these other contemplated and mentioned projects are told to be: 

- a maximum 1 500 tons/year for each nitrocellulose (100 % basis) project 

- 100 tons/day or 33 000 tons/year for the nitric acid plant 

- 26 000 tons/year for the ammonium nitrate plant 

2.J. Market and Technical Considerations for Sizing the Plants 

Sizes of plants to be implemented in the near and medium term should comply with 

two constraints: 

- large enough to meet the market requirements as long as possible over the coming 

years, thus coping with the concept of minimum economic sizes 

- at a level which optimizes the technical operating conditions, particularly for the 

first years of production 
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Following the market and prefeasibility findings the core of the nitric acid-based 

industry, in terms of volume of nitric acid and derivates requirements, is constituted 

by: 

- ammonium nitrate production 

- ~alcium nitrate j)roduction 

- direct uses for nitric acid 

to which might be added, but to a much less probable extent, a TOI production not 

before 8-10 years time. 

By 1998 the demand tor these 3 main outlets on both the domestic and export markets 

will amount to: 

- 21 000 to 25 000 tons/year of ammonium nitrate which require 17 500 to 20 750 tons 

of nitric acid, at the most 

- 15 000 tons/year of calcium nitrate which require ll 250 tons of nitric acid G.2,000 

tons/year by 1993-1995 which require 9 000 tons of nitric .3cid, at the most) 

- 5 000 tons of nitric acid for direct uses 

or all together between 31 500 and 37 000 tons/year of nitric acid (100% basis). 

A nominal capacity of 40 000 tons/year for the nitric acid plant thus appears quite: 

well adapted to meet the market by that horizon, say 10 years from now, moreover 

after taking into account the outlets in less consuming downstream productions of: 

- nitrocellulose (2 500 tpa market by 1998 which, if fulfilled, requires l 700 tons/year 

of nitric acid) 

- nitrochlorobenzenes (7 500 tpa market which, if fulfilled, requires 3 300 ton<:/year of 

nitric acid) 

Such a size, combined with the right sizes for the mentioned downstream units, will 

meet the 1998 market requirements. 

lngenieur conseil 



n=- = 
, ,. beic~ip1 

l_( 

127. 

In the case of an advanced, but less probable, decision to set-up a TOI production, the 

1998 requirements of nitric acid wuuld be increased by 9 000 tons/year. In other terms, 

should this last decision be taken, the 40 000 tpa nitric acid unit would meet the 1996-

1997 market, with the following possibilities: 

- all ammonium nitrate and calcium nitrate requirements being met 

- moet of other downstream requb:~ments (nitrocellulose, nitrochlorobenzenes, TOI) 

being met 

- some temporary imports of nitric acid being achieved, particularly for supplying the 

direct uses. 

Investment cost considerations play in favour of sizes chosen at the high point of 

ranges where variations in investment are almost negligible, which is the case of: 

- nitric acid production for which a 120 tons/day plant costs about the same as a 90 or 

100 tons/day plant 

- ammonium nitrate production, for which the investment costs vary slightly for 

capacities between 60 and 80 tons/day 

For this latter unit, the investment cost considerations as well as some possibilities of 

finding exceptional export markets through country-to-country deals, play in favour of 

choosing a BO tons/day capacity (or about 26 000 tpa). 

On the other hand, technical and operational considerations lead to carefully take 

account of minimum production rates in the first years of operation and market 

development. 

This applies to the ammonium nitrate and calcium nitrate plants and more critically to 

the nitric acid plant, for which it is preferred and at least not too uneconomical to run 

at a minimum 60% rate. 

For the ammonium nitrate production this constraint may be achieved by specific 

export deals which would add annual volumes of 5 000 to 10 000 tons/year, thus leading 

to a total of 15 000 - 20 000 tons/year. 
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For the nitric acid production, the downstream productions of ammonium nitrate, 

calcium nitrate and nitrocellulose completed at the same time and complemented by 

direct nitric acid sales would ensure a sufficient rate of production (60% to 70% of 

nominal capacity), with a total of 24 000 - 28 000 tons/year to be produced at the 

start-up or for the first two years of production: 

- minimum 3 000 tons/year as direct uses 

- 12 500 to 16 500 tons/year for feeding a 15 000 - 20 000 tpa production of 

ammon~um nitrate 

- 7 500 tons/year for feeding a 10 000 tpa production of calcium n~trate 

- l 000 tons/year for feeding a l 500 tpa production of nitrocellulose 

For memory the restricted availability of 47 tons/day (or 15 500 tpa) of ammonia 

would lead to run the ammonium nitrate plant at 20 000 tpa if the whole capacity of 

nitric acid plant (40 000 tpa) is utilized. In other words, for running the ammonium 

nitrate at its full capacity of 26 000 tpa the nitric acid plant would be able to produce 

up to 35 ODO tpa. 

2.4. Sizing - Schedule for Setting-Up 

Following the market findings and all the above considerations for sizing the units, 

different steps for building the nitric acid-based incustry would be recommended. 

In the short term or after a decision to be taken very soon, an integrated complex 

should be installed near an ammonia location, like the PUPUK KUJANG plant. 

This integrated complex would comprise the following core units: 

- a nitric acid plant with a 40 000 tpa or 120 tons/day capacity (100% basis) 

- an ammonium nitrate (explosive grade) plant with a 26 000 tpa or 80 tons/day 

capacity 

- a calcium nitrate plant with a 12 000 tpa capacity 
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In the same location or another location, since the economics can support the 

transport of nitric acid, a nitrocellulose plant of 2 000 tpa capacity (100% basis) would 

complete the 1st phase of projects implementation, in view of coating resins (to be 

completed or not at this stage with an additional produ~tion for explosive 

requirements). 

Still in this 1st phase the following should be rec.~lled or mentioned: 

- start-up of parnarninophenol production 

- confirmation and setting up of the carbofuran prnject 

- decisions and actions for the setting up of productions of 

rubber chemicals 

s1Jlpha drugs 

- decision for the setting up, or not, of the cyclohexylamine produ.:titJ11 ..vhic~ should 

be installed at a 2000 tpa size only in the case of continuing to ~ l~rge extent the 

downstrearn sodium cyclamate production 

In the medium term, say 3-4 years from now, at the time or just after the start-up of 

1st phase projects, a second phase of development would include: 

- confirmation, decision and setting-up of the nitrochlorobenzenes capacity at 

5 DOD tpa, in the case of the carbof uran production having already been set up in 

addition to the paraaminophenol existing plant at that time 

- reevaluation of rnarket and prefeasibility of longer term production projects of 

TOI, in view of a possible cetting up after the mid 90's 

MBT, this latter presenting more probability obviously in the case of a 

sufficient size of production of rubber chemicals having already been set up 
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In the longer term, say after the mid-90's, the time will come for evaluating the new 

trends of the market and for updating decisions for new plants or for extension of 

existing plants, such as for instance: 

- evaluation of market and prefeasibility of ;:in aniline project 

- study of possibilities in raw materials and infrastructure for extending later so:ne 

units or productions from the 1st phase step 

The following scherne (Figure 7) illustrates the two phases of development for the 

nitric acid-based industry in the near and medium terms. 
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PHASING FOR NITRIC ACID-BASED INDUSTRY 
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3. FURTHER STEPS AND ACTIONS 

Further actions will have to be undertaken at. least at two different horizons or 

progressively in the course of time, firstly in the short term for decisions to be. taken 

ver:,· soon to build up the industry and later in the medium term to strengthen and 

de. el op that industry. 

3.1. !n the Short Term 

Four types of concerted actions are identified and would ensure a solid ground for the 

nitric acid-based industry. 

For the planned projects of production of nitrocellulose for coating resins and 

carl>ofuran the final confirmation or green light should be achieved and incentive 

facilities for their setting up, if needed, should be conceded. 

Sped fie consideration should be given to the opportunity or not of coupling a 

production of riitrocellulose for explosives in the same nitrocellulose plant. 

In the frame of an overall market evaluation and economic analysis of the sugar and 

s..igar substitute i.1dustry, a thorough analysis of the future development of sodium 

cyt:.:amate industry should be performed soon. One of its main objectives will be to 

:.::onclude on the persistence or not of cyclohexylamine requii·ements which may justify 

'Jr not setting up a plant in the near future. 

Contacts .vith the few licensing I producing firms in the field should be initiated, if 

not yet done, and actively pursued up to the conclusion for the setting up of : 

rubber chemicals 

sulpha drugs 

c.iyestuffs 

production 

production 

production 

The PUPUK KUJANG project or a project of similar conception should be soon 

i-:rornoted, starting from ready and cheap evailability of ammonia as ra·.v material. 
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In view of building this integrated complex with a 40 000 tpa nitric acid plant, a 

26 000 tpa ammonium nitrate plant (for explosives) and a 12 000 tpa calcium nitrate 

plant, the following actions should be achieved : 

- detailed technical definition and basic design for the scheme of integration with the 

existing plants and infrastructure 

- selection of licences for the three technologies involved on the basis of both 

technical and commercial offers from licensors 

- tender writing and emission in v 1ew of selecting contractors (foreign and local) to 

build the plants and the complex 

- financing study and preliminary financing arrangements. 

3.2. In the Medium Term 

Medium-term actions will be undertaken in the light of recent and expected 

developments of market and industry for the concerned products and sectors of 

application. 

They will probably occur after the start-up of the first phase of projects described 

above, and particularly after the beginning of production in the integrated complex. 

Market evaluation and feasibility study will be carried out for : 

- the early setting up of a nitrochlorobenzenes production (both ortho- and para­

products), obviously in the case of downstream paraaminophenol and carbofuran 

productions having started to require nitrochlorobenzenes as raw material with 

sufficient volumes 

- the investigation for a later setting-up of a MST (2-mercaptobenzothiazole) 

production, obviously in the case of rubber chemicals production requiring sufficient 

volume of MBT as raw material, and in a longer term of a TOI (toluene diisocyanate) 

production. 

Only at a later horizon will the evaluation of future projects like aniline, 

intermediates for dyestuffs be carried out, as well as the updating for extension or 

debottlenecking of existing productions which have been built during the 1st phase of 

development. 
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14 l 2004 I I 0. I o. I (I I 0. I I 61.!R. I 355:J. I 2585. I I 115. I 2460. I 4140. I 6~99. 

l ~ I ..'llUS I I -4t> It>. I 0. I u. I - 4!:. 7 5. I I b 1 Jtl. I 31! 12. I :.: J26. I I I 25. I i20 I. I 41:l 78. I 7U /!L 

I l I I I I I I I I I I I I I 
- - - - - - - - - - - - - - - - - -· - - - - - - - - - .. - - - - - - - ---------------------- - . -

llllAI llWE'>l. i•d.lULll'> INTEl<IM INTERt'>lS l'>AID WIH1 tQUITV ANO WORK!Nu CAPllAL 
INlit'>I. lA:-011 fLl)W INLLUUE'>: EULJllY. PRINLll>Al PAYMENT (LONG AND SHOl-ll lll-IM lUAl'I!>). wOHKINu CAPllAL INUH.A!>E: 
Nt 1 fA'>H H llW T = AFTER TAX CASl1 fl OW - ltlTERE'>T'> (lOTAI) 
NE! CA'>H fLUW 2 INll.UUE'> 'NON OPERATING INCOME' (NCFl•NON OPER. INC.) 



NITkll. A, J(J JNlt<,RATtU (OMPl t)I - (.;~e A <;E I NV: tlA'>f: • Ra~ti •-• P1-udul:.t~ . - . ·-·-·-·-·-·. 
MllNtTAkV UNIT 01Ulll1A.tHJ ll:H~ 1 S . -. -. -

• ·-·-·-·- t -·-·- -·-·-·-·-·-·-·-·-·-·-· -·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-· 
DATE 31-AllG ·H7 -·-·-·-·-· •····· 

············•••r•••··································································································· 
GROS~ CASH ~LOW AFTER TAX CASH FLOW" CASH AVAILABLE " CASH AVAILABLE (I) • 

I INVE'>TMEiiT I INVESTMENT " I EQUITY " I EQUITY 

-·-·-·-·-·-· -·-·-·-·-·-· -·-·-·-·-·-· -·-·-·-·-·-· 
• I R R I (llklHNT MONEY) p Cl NT lll.5 1/.0 I Ii. 5 20.5 

R R (f:ONS.TANT MllNEV) P.CENT" 20.5 I 7. 0 16.5 20.5 

• [> I \ c 0 ll N T ~ A T E LI. 15. 0. 15. 0. 15. 
. 

0. 15. • 
- - - ------------- - . - - . - -. - - . - -. - -·- -·- - .. 

NEI PRf St NT VALUE ( . ) 7 I 9. 44. 3. 29. 1. 51 5. 
LA '"...ti fl ow ANNUi TV ( . ) b. u. 4. 5. 3. 4. 5. 4. 
INVf:'>IMENl ANNUi TV ( . \ 2. 4. 2. 4 2. 4. 2. 4. • 

PRO•IT ANNUi TV ( • J 5. 2. 3. I. 2. I. 3. 2. • 
PAV our PER IUD 4. 1 ti. u 4. 1 10.3 6.7 13. I b.3 10.3 

NPV Plk UNI I Uf I NV t: ST. 3. I 0.4 I. 9 0. 1 1. 1 0. 1 1. 9 0.3 
AVtkAlOl RA IE: OF RETURN tU. tl II.I 1 2. II 4,5 7. 1 4.J I 2. 5 7 . 7 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
\1) CASH AVAllABLE INCLUVING FINANCIAL INCOME (•) MONETARY UNIT DIVIDED BV 1000 

··························~·· • 
• 

AVEf.?Abt: VAlUES . -· .. ·-·-·-·-·-·-· • 
'>Al t ~ (1ntt:rnal) 10529. • 
0.AL t 0. (~ .... µurt) 0. • 

• 
kAW MA I ti! I AL :tUJ 1. • 
OPlHATINl.O COST 257B. • 

• 
• (.;RI)'>'> l.A O.tt fLOW 59!!0. • . • 
• VEf'ktl IAI ION 15 £!!. . 

I «T tl<t '> T 535. • 
l OAN REIMllllH'>T 1 1!19. • 

• • 
• ~I NIUH IN< llMt 1 4 , ~) . • 

NEI INC B. I A1' ~..:SU. . 
l Alll '> 1 ti . i ~) . 
AFT. TA.>< LA':>.tl ~- .:i' •14. . 

• 
NET I Nl. A. I A~ J4U~. • 

• . .............•..•.......•..•..• 

INLHltlt~IA 

•N1tr1c ALl 

Pklll.Hll I 
I I(). • A1t1111u1) NI tr :> ](). 

.....•......................•.. 
• • . PROJECT LI~ E ( v J 15. • 
• • 

CONSTRUCT. COST 22860. • 
• INTERIM INTEREST 2610 . 
• WK. (AP l ST CALL 1042. • 
• . 
• TOl INVESTMENl 2b512. • 
• . 
• WK. CAP AV. NEUJ 120. • • • 
• I NI 11 AL EQUITV lb41 • 
• LOANS 1O!!71. . . EQUITY/I NV PltNT 3J. • 
• • 
• 0 IV([>/ NI AT PC ENT 0. • . OIV!DtNOS (CUM.) 0. • . UIVIO /I NV PCtNl 0. . 
• • . FINAL CA ~ti l 1654. . 
• FINAL SECURITIE~ 4 ':l4tl. • 
• FINAL NETWORTH 63248. • . • ......................... " ..... 
Pk I l. t :, ( I I IJN) -

•Latc11Jm Nl 140. 

• •••••••••••••••••••••••••••••••••••••••••••••••• • 
• FIN1'NCIAL RATIOS 1992 ;rnnn ;•ou5 
• -·-·-·-·- ·-·-. -·-·-·- ·-·- ·-. -. - . - . -. • 
• CURRENT RATIO I. ltl. 4 I . . INVENTORY TO WORKli CAP. 0. 10. 4. 
• 
• L. T. DEBT TO NETWORTH a:i. u. 0 . 

• DEBT TO JOT AL ASSETS I 2 J . 4. 2. 
• TIMES INTEl<EST EARNED 0. b2. BB. 
• F IXE:O ASSETS TO NE:TWORTH 703. 9 . 4. 
• 
• GROS'> OPER1'TING MARGIN 56, 57. 5 7 . 
• SALE'> MARCilN 0. 46. 66. 
• RETURN ON NET r l XE I> A'...SETS 3. ~uo. 263 . 
• RETURN ON NETWURTH 0 . 18. I I . . 
• INVENTORY l UHIHJVfH 5. 5 . 5. . TOTAL ASSlTS TUHr1~Jl/ER I. 0 . o. 
• SALES 10 NEIWllHTH 5. (J. U. • • SALES TO WORKG CAP! I AL 0 . 1 . 0. . • . ......•................•.......•.•..•.•..••..... 



Hllfilt: At:IU INIEl>kATllJ CllMf.>LlX CG1::.e BA 5E INV:BA~E • • Raw~ •-• Pr·uuuct~ ... ·-·-· .... ·-·-·-·-· ·-· .. ·-·-· ·-· ·-·-·-· .. ·-·-·-· ·-·. ·-·-· -·-·-·-·-·····-· ·-·-·-·-·-·-·-·-·-·-·-·-· 
5 0 U R C E A N D U S E 0 f C A S H 

-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-· 
MONETAfiV UNll ~ !HOUSAND 1987 $ DATE 31-AlfG-tl7 . ~ .... ·-·-·-·-·-·-·-· ·-·-·-· ·-· -·-·-·-·-····-·-· 

11 1988 I 1989 I 1990 I 1991 I 1992 I 1993 I 1994 I 1995 
------- ---------- ------------------11-----------1----------- 1-----------1-----------1-----------1-----------1-----------1----------

- - - - - - - - - - - - - - - - - - · - - - - - - - - - - - - - I I -- - - - - - - · - - I - - - -- - - - - - - I - - - - - - - - - - - I - - - - - - - - - - - I - - - - - - - - - - - I - - - - - - - - - - - I - - - - - - - - - - - I - - - - - - - - - -
I I I I I I I I I I I 
11 I N I I I AL CASH II 0. I 0. I 0. I n_ I 171. I 128. I 666. I 2447. 
11---- -----------------------------!!- ----------1-----------1-----------1-----------1-----------1-----------1-----------1----------
11 5URPLUS CA5H REINVESTE:U 11 0. I 0. I 0. I 0. I 0. I 0. I 0. I 0. 
l I I I I I I I I I 
11 NET .JPtRATING PROFIT 11 0. I 0. l 0. l -1810. I 572. I 2556. l 
II NO'< OPE:RAIING INCClME II 0. I 0. l U. I 0. I 0. I 0. I 
I I I l I I I I I I 

34'52. 
0. 

11 GRO:..S INCQPAE II 0. I 0. I 0. I -1810. I 572. I 2556. I 3452. 
JI OtPRU.JAll<lN II 0. l 0. I 0. I 6367. I 4776. I 3582. I 2686. 
11 AClUUNl~ PAVAllLt INlNEA~t II 0. I 0. I 0. I 138. I 17. l 17. l 0. 
l! ~ALES Of '-.tLllRlllt'> ll 0. I 0. l 0. I 0. I 0. I 0. I 0. 
JI 5~0Rl lFRM lllAN 11 0. l 0. I 1042. I 1639. I 0. I 0. I 0. 
I' flJlll h JNt kEA'.t 11 1268. I 2964. I 3409. I 0. I 0. I 0. l 0. 
II LONG 1fkllil LOAN II 2959. I 6916. I ~954. I 0. I 0. I 0. I 0. I 
I I - -- -- --- ----------ll-----------l-----------I-----------1-----------1-----------1-----------l-----------l--
l I I I I I I I I l I 

4 123. 
64. 

4187. 
2015. 

0. 
0. 
a. 
0. 
0. 

11 ~ ,, 1J k, l 1J F LA~ H 11 4228. I 9880. l 12404. l li..134. I 5365. I 6155. I 6Llll. I bl!U. 
11--- - ---· ---------11-----------1-----------1-----------1-----------1-----------1-----------1------- ----1----------
11 IA~ PAYMEN! II 0. I 0. I 0. r u. r 0. I 0. I 0. I 251!. 
II INVtNIUkll'· IN!ll~A'.>E II 0. I 0. l i042. 1 720. I 107. I 107. I 0. I 0. 
11 ALl.llUNlC. Rltfl.iAll~L INCRtASE: II U. I U. I 0. I b60. I 143. I 90. I 7. I 0. 
I I ~ I NA Ii<. I A I A ~. '. t I '> I N llH A S E l I U . l U . I 0 . l 0 . I 0 . I U . I 5 :.l 1 . I :l 3 I .'. . 
JI 1·1<1rl, ll'Al 1<LIMl!1ll<,,Mf.IH II I I I l I I I 
I I --. "!J k l I E RM I I U . I IJ . I ll . I 0 . I 4 fl 2 . 1 1 1 5 7 . I 0 . I IJ . 
1J ldNl• ll~M JI 0. I 0. I U. I 2'>47. I 2547. I 2547. I 2547. I 2547. 
II INTl:kt,,f', (JN '>tillRl IERM lO':' 11 0. l 0. I 0. I 223. l 322. I 264. I 175. I 125. 
II INll:Rl:.'>I'- UN l.llN(.> !ERM LOANS !I 1/!l. I 770. I 1bb2. I 2063. I 1757. I 1452. I 1146. I 841. 
11 l'AJ[J (llll l'kll'll'-.(lllvlOfNC>:il II C. I 0. I U. I U. I 0. I 0. I 0. I 0. 
II wo:<~U!~ t11r.r1 II 0. I 0. I 0. I 0. I 0. I 0. I 0. I 0. 
II INVE:~TMl:Nl'- II 4ll':>U. l \;110. l 9700. l 0. I 0. I 0. I 0. I 0. 
11------ ---· ------11 ·----------1 ·-------1-----------l--·---------1-----------1-----------1-----------1----------
1 I r I I I I I I I r 
11 U '-. t:. u ~ l A~ H 11 4LLtl. I 9!l80. I 1L404. I bil3. I 535tl. I 5617. I 4357. I tiO!lJ. 
II - --- ----------11 --- -----! --------·!-- --------1-· --- --1-----------1-----------1-----------1----------
11 l.ll'-,t1 8AlANC.E:,il:.AkLY) II 0. I 0. I 0. I 1!1. I 7. I 538. I 1781. I 119. 
11 ------ ---------------II--···-- 1-----------1-----------1-----------·I--- -·-----l--·---------1-----------1----------
11 ACTtlAL 1:ASH Rc'-.EkVE~ II 0 I 0. I 0. I 121. I 128. I 666. I 2447. I 2566. 
11- - -- ---- - ---- - ---- ------II-- ---l-----------l-----------1-----------1-----------1-----------J-----------l----------
ll MINIMllll LA'>H ktl.lUIRtME:NT II U. I 0. I 0. I 121. I 12tl. I 135. I 1J5. I 1J5. 
11 ··--- II ·l·- --------1------- 1----- -----1 ----I --------1------------1-----------

I l !. •· -, " '' ll R P l U :, I I 0 . I U . I 0 . I l 1 • I ll . 1 ~, 3 1 . I 2 3 1 2 . I :l 4 J 1 . 



Nlil<IL Al.Ill INll(,l<AlEl> UlMl'ltX - Cd~e tlA'>E 
- .. . . -. - . -. ... - . -. . -. -. - . - . -. -. --. - . - . -. - . -. -. -. - . -. - . -. -. - . -. -. - . - . - . -. - . -. -. - . INV:UA'>E •-• HJw~ •-• Pr-udl,cts . . -·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-· 

S U U R C E A N 0 I! S E 0 F C A S H -·-· ·--·-·-· -·-·-·-·-·-·-·-·-·-··-·-·-·-·-·-·-·-·-·-·-·-·-·-· 
MONE1Aln UNIT ltWU\ANO 19H7 $ llA T t :i 1 ·· llLJ(, · H 7 

-·- ·-· -·- ·-· ·-·-·-·-·-· ···-·-·-·-·-·-·-· -·-·-·- ·-·-·-·-· 
---------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------------
11 1996 I 1997 I 1990 I 1999 I LOOO I 2001 I 2002 I 2003 

-----------------------------------11-----------1-----------1-----------1-----------1-----------1-----------I-----------1----------
-- ---------------------------------11-----------I-----------1-----------1 ----------1-----------1-----------1-----------1----------
1 I I I I I I I I 1 I 
11 I N I T I AL t A'> 11 II 25bb. I 1899. I 2155. I 41:Hl0. I 4750. I 512 I 5461. I 5669. 
11- ---- ·--- ---- !!------ ----1· --------!---------- I ----1 ----------·I----· -1-----------1----------
ll '>IJRPLU'> CASH IH:lNVESTEll JI 0. I 0. I f! 1 0. I U. I 0. I 0. I 0. 
I I 11 I I 
11 NET OPfRAIJNl; PROfll 11 4bl7. I 5005. I :>2Bfl. I 61JB. I b!Jll. ! 61:JB. I 
11 NON OPERAlJN(.. INLOMt II 341. I 633. l 845. I 1UB7. I 1b5B. I :·212. I 
I I l I I l I I I I 
II C.RO'>'> INCOME II 4'l6fJ t 5636. I 6133. I ~2l!;. I 77'Jb. I BJ5U. I 8940. 
11 l>EPRtl:IATION II 1511. I 113~. I 850. I 0. I 0. I 0. I 0. 
11 ACC'lt1NTS PAYAf:llE INCREA'>E II 0. I 0. l 0. I 0. I 0. I fl I 0 
I J '>Al ES OF SE (UR l Tl ES l I 0. I 0. I U. I 0. I 0. I U. l 0. I 
II SHORT ftHM LOAN II U. I 0. I 0. I U. I 0. l U. I 0. I 
11 El)t>ITY INCREASE II 0. I 0. l 0. I 0. I 0. I U. I 0. I 
I J l ONl. It l<M l OA N I l D. I 0. l 0. I 0. I 0. I 0. I 0. I 
11 ---- -------------!! ·---1 ------1-----------·l--·--------I------ ---1 ---------1 ---------I-

;w1u. 
bl3B 61 :18. 

3451. 

9589. 
0. 
0. 
U. 
u. 
lJ. 
0. 

ll I I I l I I I I I 
11 5 Ou H L E 0 F C A SH II 6479. I 6771. 1 6983. 1 7225. I 7796. I BJ50. I B94B I 9509. 
II ----------------------11-----------1-----------1-----------1-----------1-----------1-----------1-----------1----------
ll 1Aa PA•MtNT II 1500. ! 1849. I 2103. I 2485. l 2685. I 2679. I JUd8. I 3313. 
II INVLNIUHlt'> INCRtASE II 0. I 0. I 0. I 0. I 0. I 0. I 0. I 0. 
II ALCllllNl'> RfCEIVAEILE INlREA'>t II U. I 0. I 0. I 0. I 0. I U. I 0. I U. 
11 ~INANCIAL A'>StlS lNLRtASt 11 L4J1. I 1764. I 20/1. I 4755. I 4615. I 4986. I 5J4b. I 5/Jb. 

JI PRINCIPAL RElMf:IURSMENT II 1 l I I I I 
!I SHlll<T TERM II 0. I 0. l 0. l 0. I 0. I U. I 0. 
II LUNG TERM II l547. I 2547. I 0. I 0. l 0. I 0. I 0. 
11 !NllRE'.TS ON 511ClRT TERM l(,AN II U5. I 125. I 125. I 125. l 125. I 125. 1 125. 
11 JNTERf5•s ON LLlN!; !ERM tllANS II 5:!5. I 279. I 0. I 0. I 0. I 0. I 0. 
11 PAID OUT l'ROf-ll'>llllVllllrW'>J ii 0. I 0. l 0. I 0. I U. I 0. l 0. 
11 1·.,JRKERS FUNO II 0. I 0. I 0. I 0. I U. I 0. I 0. 

u. 
0. 

'25. 
0. 
0. 
0. 
u. II lNVt~TMtNT~ II U. I 0. I 0. I 0. I O. I 0. I 0. I 

11 ---· ----- ----- -----·- -II- ----1-- -------I-----------l-----------l--------··--1-----------1-----------1-- -------
11 11 I I I I l I I 
I I u' E u F CA ~ H II 714b. I b515. I 4246. I 7365. I 74t5. I 7990. I 6559. I Yt72. 
I I - - - · - - - - - - - - · - - - - - - - - - - I I - - - ·- - · - - - - - I · · - - - - - - - - - I - - - - - - - - - - - I - - - · - - - - - - - I - - - - - - - - - - - l - - - - - - - - - - - I - - - - - ·- - ·· - - - l - - - ·· - - - - - -
11 CA'>li f:IALANltlvtAfHV) II ·b67 I 256. I 2134. I -140. l 371 l 360. I 369. I 417. 
11- ---- --· ·----- ------- -----1[ ------ ---1-----------1-----------1--------··--I-----------1-----------I---------- 1---·---· 
11 AL.IUAL CA:.tl Rl~tRv[~ II 1!E19. I 2155. I 4U90. I 41!:>0. I 51LI. I 5461. I 5!lb9. I btllb. 
ti 11 -I ----------1-----------1--- -------1 ----------!-----------!---------- 1----------

11 MINIMlltl CA'.tt l<lUlllHlMUH 11 135. I 1J5. l l:J5. l 135. I l.J5. I 135. I 135. I IJ5. 
11 ---- ·---·----·-----· --- 11-----------1-----------1---------- 1---------- I ·----------1-----------1-----------J---------· 
ll c AS 11 '> u I< PL 11 ~ II 17b4. I ;>LJ2l. I 4/55. I 4615. I 49tlb. I 5346. I 5735. I b1~>2. 



·-· •-• Proc1ucts INV·l:!ASE fiaws HASE - NITRIC AC'lf) INTELRAlt(l COMPLEX - Ca»e 

·-~-·-· '-•-• ·-·-· ·-·-· ·-·-·-·-· ·-. -. -. ··-·-·-·-·-·-·-·-···-·-·-·-·-· .. _._._ ·-·-•-•-.•-•-• - . - .. 
S O ll « C E A N ti U S E 0 F C A S H 

-·-·-·-·-·-·-·-·-·-·-:-•-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-· 
MUNtlARV UNIT~ lHOll~AND 191l7 S -·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·· )-•-•-• 

I I 
l l 
! I 
11 
11 
11 
I I 
11 
I I 
I I 
11 
i I 
11 
11 
11 
I I 
I I 
11 
11 
! I 
11 
11 
11 
11 
11 
11 
I I 
l I 
11 
11 
11 
11 
I I 
11 
11 
l ! 
l I 
11 
1 l -

1 I 
l 1-
11 

JI 2004 I 2005 II 
- - - - - - - - - - - - - - - - - - - - I I - - - - - - - - - - - I - - - -· - - - - - - - I I 

- - - - - - - - - ·- - - - - - - · - - - I I - - - - - - - - - - - I - - - - - - - - - - - I I 
I I I I l 

N I T A L C A 5 11 11 6266. I b/34. I I 
11-----------I-- - --II 

~URPLlJ~ CASH REINVtSltO 11 0. I 0. 11 

Nfl OPtkAlli,lli Pf<llfll 
NON OPENAllNG INCUMt 

11 
11 
11 
11 

6138. 
4140. 

C.l«J5'> INCOME 11 10271l. 
OEPRECIATIC1N ii 0. 
AlCOUN15 PAVAl:llt INCREA'>E II 0. 
5ALt5 ll~ SHURITIE::. II 0. 
'>IHlR l l lRM LOllN 11 0. 
EQU!T;· INCREASE II O_ 
I liNl. l t RM l DAN I I 0. I 

-------------------11-----------1-
11 I 

SUURCE Of CASH II lUL/ll.I 
_,_ ____ .. _____________ 11---------· 

lA.'< PA'vMENT II 
INVl•,TOkJE'> JN(REA'>f ll 
A<COIJNTS RELE I VABI f I N[Rt'ASt 11 
flNANL!Al ASSET'> INCREASE I I 

I l Pk I NL 11-'Al RE IMElllf<',MENT 
:;.llOR T TtRM 
!ONG ltkM 

I I 
I I 

INlt·C•f'..T', ON 5<iURT lERM LOAN II 
1Nltkt'>l5 ON LUNG IERM LOAN~ II 
l•AID (HI[ l'ldlFI f'..>tl>IVIUENOS) 11 

I I wUR"-t~S ~UNll 

INVl'>IMt.Nl'> 

IJ ~ E (} ( A '> H 

LA'.11 UAlANCt(V[Al<lV) 

AL'UAL LA~.tl HlSEl<Vl'> 

Ml tl I MUii l A ';H R U)!I !fl E Ml ti l 

A ~ •t ~lJk•"LU~ 

11 
11 
11 
11 
11 
I l 
l I 
l I 
11 
11 
11 
l l 

3553. 
II. 

0. 
6152. 

U. 
ll. 

125. 
0. 
0. 

u. 
!I. 

~ll IU. I 
I 

44 7. I 
I· 

tJ I J4 I 
1-

1.j') I 
I - -

t) :. '.J ~~ _ I 

I l 
b 1.Hl. 11 
41!78. 11 

11 
1101ti. I l 

0. 11 
0. 11 
0. 11 
0. 11 
0. 11 
U. 11 

- I I 
11 

10 lb. 11 
- - - - I I 

Jll l 2 I I 
0. II 
0 11 

b599. 11 
11 

IJ. 11 
0. 11 

125. 11 
U. ! I 
n. 11 
u. 11 

-4~/5. 11 
11 
l I 

~':~b 1 . I J 
11 

~u~~. ! 1 
-----11 

l l 71lU. I I 
- - - - I I 

1 :l5. II 
- - - I I 

l 16!>4. 11 

DATE Jl·AUL-1:17 -·-···-·-·-·-·-· 



Ill ll<ll A<. ID INlft.llAltll IOMl'l t>< ( dSe tlA ~E INVoUA'>E •-• k.•w!> •-• ~·1 o'1ucts . -. . ·-·. ·-·-· ···- ....... ". ·-· ·-·. ·-· ·-·-···-·-·-·-·-· ·-· -·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·- ·-·-· ·-· 
P R 0 0 R M A B A L A N C E S H E E T -·-· ·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-· 

MONtTARV UNIT • THOU'>ANU 1987 S 

-·-·-·-·-·-·- ·-·-·-·-·-·-·-· ·-·-·-· ·-· OATt 31-ALJG-87 -·-·-·-·-·-·-·-· 
11 1988 1989 1990 1991 1992 1993 1994 1995 

--------------- ------------------~------------------------ -------------------------------------------------------------------------
11 
11 
11 
11 
I I 
11 
I I 
11 
I I - -
I I 
l I 
11 
11 
11 
11- · 
11 
11 
11 
I l 
I I 
11 

I I 
11 
11 
11 
I I 
11 

MARt<ETABLE SECllRll !ES 
MINIMUM CASH REl;lllREMENT 
A((.0UN1S RECEl~AtlLE 
!NVENlURIE'.> 
(. U k k E N A S S E I S 

A(.(llMlltAft(> (A':'IH <-,IH~PI U':i 

µ,di to~~ lll\l t~ 

lJt t ~ l t e~ 
...,, t::lJjJt="t t .. ,, -

11 0. I 0. I 0. I 0. I 0. I 0. I 531. 
11 0. I n. I 0. I 121. I 128. I 135. I 135. 
II 0. I 0. I ll. I 660. I 803. I 893. I 900. 
11 0. I 0. I 104;>, I 1762. I 1870. I 1977. I 1971. 
11 0. I 0. I 1042. I 2543. I 281l0. I J004. l 3543. I 
11-----------1------- 1-- --------1-----------1-----------1-----------1--- -------1 
11 I I I I I I I 

2844. 
135. 
900. 

1977. 
5855. 

II 0. I U I U. I 0. I 0. l 531. I 2312. I 1431. 
-II ·----------1-· --- I- ··- · --J-----------1-----------1-----------1-----------1----------

! I 3000. I 9 750. l 15000. I 15000. I 15000. I 15Uu0. I 15000. I 15000. 
11 1050. I 3410. I 5250. I 5L50. I 5250. I 5250. I 5250. I 5250. 
11 1'18. l 94!!. I 52~0. I 5220. I 5220. I 5220. I 5220. I 5220. 
JI 0. I 0. I 0. I U. I 0. I 0. I 0. I 0. 

Tu I At. F I t l• A~~ 1:. T ~ JI 4l28. I 14108. I 25470. I <'5470. I 25470. I 25470. I 25470. I 15470. 
-----------11-----------1--------- -1-----------1-----------1 -----------1-----------1-----------1----------

ACLUMULAll:.(l l•lFRl:.CIAlllJN II 0. I U. I U. I 6367. I 11143. I 14725. I 17411. I 19426. 
11 I I I I I l l 

Ntl •ED A SSE T S II 4228. I 1410B. I 25470. l 19102. I 14327. I 10745. I 8059. I 6044. 
----- --------------11-----------1---···- ----1 ----------1------------1-----------1-----------1-----------1----------

r 0 TA l Ass ET s II 4221:1. I 1410B. I 26512. I 21645. I 17127. I 14280. I 13914. I 143Ju. 
•••••••••••••••••••••• II l I I I l I I 

Al!\JUNlS PAYABLE. 
nm. :>URTION(LT.LOAN) 
~ttCRT Tfklol LOAN 

TOTAL CURRENT LIABILITIES 

11 0. I 0. I 
JI 0. I 0. I 
11 0. I 0. l 
I I I I 
I I 0. I 0. I 
11 I I 

0. 
2547. 
1042. 

3589. 

138. 
2547. 
2681. 

5366. 

155. 
2541. 
2199. 

4902. 

173. 
2547. 
1041. 

3762. 

I 7 3. 
2547. 
1042. 

3762. 

173. 
2547. 
1042. 

'.>162. 

11 LUNli 11 295~. I 9815. I 15262. l 12735. I 10188. I 7641. I 5094. I L547, 
·- --------11-- --------1-----------1-----------1-----------1-----------1-----------1-----------1----------

TER:,; LOAN:; 
11----------------- ----
11 
11 
I I· 
11 
11 
11 
11 
11 
11 
11 
11 
11 

1 I I I I I I I I 
l ll TA L l A B I L IE S JI 2959. I 9015. I 18871. I 18101. I 15090. I 11403. l !1856. l 6309. 

- ---------11-----------1----· ------1-----------1-----------1-----------1-----------1-----------1----------
l:.l.)111 TY 
RtlAINtU tARNINuS 
l lllVlUlNUS ) 
Rt:'>t f<Vl I Ll:.liAl OR U< C 

101 At ~l!ll.O.HOLOER'S rUlJ!TV 

T ll f AL I IJ\~jfl I lV ANll I Af'I TAI. 
.............. <fl ••••••••••••• 

11 1268. I 4232. I 7641. l 7641. I 7641. I 7641. I 7641. I 7641. 
11 0. I 0. I 0. I -4097. I -5bU4. I -4764. I -25!!J. I 381. 
II 0. I 0. I 0. I U. I 0. ! 0. l 0. I 0. 
11 ll. I 0. I 0. I 0. I 0. I 0. I 0. I 0 
I 1 I I I 1 I I I 
JI l!btl. I 4LJ2. I lb41. I 3544. I 20J7. I 2!177. I 505!1. l 80:n. 
11----- ---1 --------1 --- ---·-I· ---- ---1 ··--- -1- ·-------J-----------1---
ll 4L2tl. I 1410tl. I 26512. I 21645. I 17121. I 14L80. I 13914. I 14 j'.:lll. 
11 I I I I I I I 



NI ll<ll ACIU INTE<;J.<Alt[J COMPLEX Co~t: BASE INV;UASt •-• Haw~ • - • Prod1.H .. t !i . - .;. 

. •· ·-·-·-·-·-·- . ·- ·-·-·-·-·-·-· ·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-· -·-·-· ·-·-·-·-·-·-·-·-·-·-·-·-·-·-· .. ·-· 
P R 0 F 0 R M A B A L A N C E SHEET 

-·-·-·-·-·--·-·-·-·-·-·-·-··-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·- ·-· 
- --·-·- ·-·-·-·-· MONt !ARV IJNI l ~ TttOU'.ANO 19!!7 $ ·- ·-· . ·-· ·- ·-·-·-·-·- ·-·-·-·-· DAT f :J • AlJC.. I! 7 

------------------------------------------------------------------------- -------------· ··--· 
11 1996 199 7 1991! 1999 2000 2001 2002 :.'.003 

------------------------------ -------------------------------- ----------------------------------------------·------·-·--- ----·-----
11 MARKElABLE SECUl<lllES II 5275. I lU;19. I !106ll. 
I I MINIMUM CAS>i REQUIREMENT II 135. I 1J5. I 1'15. 
11 A(COUNI~ RECEIVABLE I I 900. I 900. I YOU. 
JI JNVfNfORIE~ II 1977. I 1917. I 1911. 
II C ~RI< E NT A 5 ~ E T ~ II 8286. I 10051. I 12071. 
11----------------------------- - I I - - - - - - - - - - -- I - - - - - - - - - -- - I - - - - - - - - - - - I · - -

11 
11 
I J­
I I 
11 
11 
11 
11 
I J 
11 
I I 
11 
I I 
11 
11 

11 
11 
11 
I I 
11 
11 
11 
11 
11 
11 
11 
JI 
11 
11 
I I 
I I 
11 
11 · -
11 
11 

11 I I I 
AlCUMl'_ Al EC> tA<,H SllkPl lJ~ l I 1764. I 20<' I. I 41'::>'::>. I 

- - - - - - - - -· - I I - -- - · - - - - - - - I - - - - - - - - - - - I - - - - - - - - - - I 

f•1 •JL.t~ 5. t.lll l t !Jo 

Ott· ~ 1 t '-•!. 

J- 1 I ~ ~ l • i n::! I t..: p 

Jul Ac " l 
II 

JI 15000. I 15000. I 15UUO. I 
11 5250. I 5250. I 52~,fl. I 
11 5220. I 5220. I 5Zl0. I 
11 0. I 0. I 0 I 

A '> '.. t ~ II <'5470. I 25470. I ~5410. I 
- - - - - - - -- - - I I - - - - - - - - - - - I - - - - - - ·- - - - - I - - - - - - - - I 

Al.(llMlllAIL[J [J!:f'Ht\IAllUN JI 20931. I 22070. I lL9lO. I 
I I I I I 

14t l • t. n A ~ ~ E T 5 11 4533. I 3400. I 2550 I 
- - - - - - - - - - - - - - - I I - - - - - - - - -- - - I -- - -· - - - - - - - - I - - - - - - - - I - -

T 0 l Al A SSE T 5 II 145!!4. I 15471. I 19316. I 
•••••••••••••••••••••• ll J l I 

At (:11llt-.IT~ PAYAOt E 
t'lJl-l PORT ION\ l T. l ()AN) 
~h()k I l U<M L 0AN 

IUfAL l.lJHRtNl LIAUILlfJt.~ 

LUtH.. ltHM LOAN~ 

1 ll l AL L A fl 

tUUITV 
RETAJNfO ~ARNINL'> 

( [JIVIDEN[)'. ) 
f<l '>H<VE ( LEtiAl Ul< ~ "' 

l Ul Al. S TUU01Ul l'E h '.> Ellll I 1 v 

f•lAl llO.t'IJll> ANll (Jlf'll!,l ............................. 

I I 
11 
11 
11 
11 
I I 
1 l 

-11 
11 

~. 11 
I I 
11 
11 
11 
11 
11 
11 
J l 
11 
11 

17 3. 
2547. 
1 ll42. 

Jlb2. 

u. 

,j /h2. 

I b4 1. 
:J 1!11. 

II. 
0. 

I Liil 2 2. 

14'11!4. 

1 7 3. 
0. 

1U42. 

12 15. 

173. 
0. 

1 ll42. I 
I 

1<15. I 
I 

I 0. I 0. l 
[-----------1-----------1--
1 I I 
I ll 15. I 121 !>. I 
I - - - - - - - - - - - I - - -- - ·- - - - -· · - I - · 
l 7b41. I /b41. I 

I 
- I - - -

6615. 1 1osiu 1 
0. I •1. I 
0. I 0. I 

I I 
14~~b. I ltllbl. I 

•5471 
-)----

[ 

I 
19'17h. 

131!15. I 18~30. I 2341L. I 21!7b2. 34497. 
135. I 135. I 13'::>. I 135. 1 1J5. 
9ou. 1 900. 1 ~mo. 1 9ur . 1 900. 

1977. I 1977. I 137''. I 197'/. I 1917. 
16826. I 21441. i 264~r. l 31773. I 37508. 
-------1-----------1-----------1----· ------1----------

1 I I I 
4615. I 4986. I 5346. I ~115. I b152. 

· - - - - - - I - - - - - - - - - - - I - - - - - - -- - - - · I · - - - .. -· - · - - - I - - - - - - - - - -
15000. I 15000. I 15000.; 1!'000. I 15000. 
5250. I G250. I 5250. ' $2b0. I ~250. 
h7/ll. I 5220. I 5220. \ 5220. I 5220. 

ll. I 0. I 0. [ 0. I 0. 
254111. I 25470. I 25470. I 15470. I 25470. 
-- - - --) -----------!-----------(---------- -/ - . -----
L2920. I 22920. I 22920. I 22920. I 22920. 

l I I l 
15'..u J 2550. I 2550. l 2550 I 25f>U. 

- - - - - · - I -- - - - - - - - - - - I ·- - - - - - - - - - - I - - - - - - - - - - - I - - - - - - - - - -
:!3991. I 28977. l 34323. I 40058. l 46210. 

1 7 j. l 
o. I 

1042. I 
I 

1215. I 
l 

ll. I 
I - - . 
I 

1" 1 ~. I 
-I 

11>4 I I 
15 i:1~ •. I 

0. I 
0. I 

12 I lb. 
- - - - - - - I 
2:19<; 1 . I 

I 

l I 

1 7 :>.. I 
0. I 

1ll42. I 
I 

1ll5. I 
I 

173. 
0. 

1042. 

12 15. 

173. 
o. 

1042. 

12 15. 

173. 
0. 

1U42. 

1.2 I 5. 

fl. I 0. I 0. I 0. 
--------1-----------1-----------1----------

1 t I 
1'15. I 1:l15. I 1215. I 1'15. 
------1-----------1-----------1----------
7b41. I 7641. I 7641. I 7641. 

20121. l 25467. I 31202. I 37354. 
U. I 0. I 0. I 0. 
0. I 0. I 0. I 0. 

I I I 
117bl. I 31108. I 3B!l4J. I 44995. 

------- J-----------J-----------I----------
2H977. I 34321. I 40058. I 4b210. 

I I I 



NITHIL Allll INlll.llAltU UIMl•LEX <cl ~e llA '>f INV:BA'>E ·-· MdWS •-• ~roc1t1cts 

··-· ·-·-·-···-·-···-·- •· . - . -·-·-·-·-·-·-·-·-·-·-·-· -·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-· 
I' R l\ F 0 R M A llALAUCE S H E E 

-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-· 
MllNtlARV UNIT~ IHllll"AN(I 198/ $ 

-·-·-·-·-·-·-··-·-·-·-·-·-·-·-·-·-·-·-·-· 

I I 2004 2005 11 

II MARl\ETABLE SEClJRITIE'> II 40648. I 47248. II 
11 MINIMUM CA'>H HEOUIREMtNI II 135. I 1:.15. JI 
II A(COUNI'> RtCtIVABLE II 900. I 900. II 
11 INVENTORIES II 1977. I 1977. JI 
II ( UR RE N T A 5 SE T 5 JI 43660. I 50259. 11 
I 1---------------------------------11-----------J-----------11 
I I 11 I 11 
II ALLUMULAltlJ LA'>li SlHH'LUS II 6599. I llh!:.4. II 
11 --------------JJ-----------1--- ------II 
11 ~·1u1...-~~~ \Jt1\t::.. II 15000. I \5UOU. 11 
JI lltt ~"tes II 52511. I 52!>0. II 
11 P1t::IJJ1t:!t Exp II 52'l0. I 52~1 U. II 
I I 11 Cl. I 0. II 
11 IOlAL F IX E: 0 ASS E T '>JI 2f>470. I "25470. II 
11 ---------- ---- -------- -II- ---· -1- II 
II AlCUMlllATED OEPRELIATION II <<'920 I 22920. 11 
I I I I l 11 
JI NET ~ l XE u A SSE T S II 2550. I 255U. JI 
11-----·---------------------------11-----------1----------·I! 
11 r 0 1 AL A SSE T '> JI 52809. I b44bJ. II 
11 •••••••••••••••••••••• II I 11 

11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11- -
11 
11 
I I 
11 
11 
11 
11 
11 
I I 

A( f"OlJNT<; PAYABLE 
llJR, PuflTION(LT.LOAN) 
':>liURf lERM LOAN 

TUIAL. t:Ukl<l:.NT LIABILllltS 

LON(, "TERM LOANS 

I I 
11 
11 
11 
11 
I I 
I I 

----------1 I --

I \l T AL I. A B I 
11 

L I l I E ~ 1 l 
--------------1 I 

E Qll I l V 
RfTAINE(I EARNINt..<; 

( DIVIDEND'> l 
HE':>ERVE (Lft..AL UR l:Xl. 

IOTAL STUC1<tHlLl>t1<·:, E!JUllY 

lOLAI. LIABll ITY AND CAPllAL .............................. 

11 
11 
I l 
11 
11 
I I 
11 
11 
I I 

1 7 .J. I l7J. I I 
0. I n. 11 

lU42. I 1042. 11 
I 11 

1tJ5. I \ 2 I !"j • 11 
I I I 

0. I Cl. I I 
- - - - I - -------11 

I I I 
I 2 l 5. I 1l'5' 11 

~-----· I - - - - " - - - -11 
764' . I 12l1 6. 11 

4:iY~)J. I !"I OJ 2. 11 
0. I 0. 11 
0 I 0. I I 

I I I 
~ltJ~4 I tiJL48, 11 

I I I 
~ .. ~ti~~J. I b44h.J. 11 

11 

OAlf :11 - All<..- HI 

-·-·-·-·-·-·-·· 



Nllklt A.CID lNlE(,l/AltlJ LOMf'LEX - la!>e BASE -· . ·-·-· ·-·-·-·-· ·-·-·-·-·-·-·-· . ·-·-·-·-·-· ·-·-·-·--·-·-·-·-·-·-·-·-·-·-· 
lNV (1 '.J[ •-• Prut1uct~ . - . • . • Hctws 

-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-· 
P R 0 f 0 R M A I N C 0 M E S T A T E M E N T 

-·-·-·-··-·-· ·-·-·-· ·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-··-·-·-· .. 
MONlfAl<V UN!l ~ TtlOU~ANll 1>!1!7 $ 

-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-· 
DATE :J 1 Aut. - !JI 

-·-·-·-·-·-·-·-· 
-------------------------------------------------------------·-----------------------------------
------------------------------------------------------------------------------------------------
11 1991 I 1992 I 199:J I 1994 I 1995 I 1996 I 1997 J 1991! 

-----------------------------------11-----------1-----------1----- ----- I· ----------1-----------1-----------1----------- 1----------
-----------------------------------II-----------l-----------1----- --I-----------I-----------1-----------1-----------I----------
11 INDONESIA 11 7923. I 96:J5. I 10715. I 10805. I 10805. I 10805. I 10805, I 1080b. 
II T 0 T Al ::. Al ES II 7923. I 9635. I 10715, I 10805. I 10805. I 10805, I 10805. I 10805. 
11 11 I I I I I I I 
JI PROOucn, INVENlURY INCRta::.E II 720. I !JU, I 9U, I 0, I u. I 0, I o. I U. 
11-------------· --- -----------11------------1---------- -1------ ----1 ----------(----- ·--- 1-----------1-----------1-----------
11 RAW MA T E I< I AL S 11 1658, I 1866. i 2013. I 2073, I 2"/3, I 2073. I 2073. I 2073. 
11 11 I I I I I I I 
II Ma11µ0""' II 263. I 263 I ;.>6J. I 263. I 26J. I 263, I 263, I 
11 Ma111t"""'"" II 764. I 764. I 764. I 764. I 764, I 764. I 764. I 
11 I"""'""'-" II 96. I 96. I 96. I 96. I 96, I 96. I 96. I 
11 c.,.,,,. Ovt" ,,..,.,,i,, II 645. I 645. I b45. I 645, I 64!;, I 645. I b45, 
11 flXEU OPERATINli COSTS II !767. I 1767. I 1767. I 1767. I 1767. I 1767. I 1767. 
I I I I I I l I l I 
11 tdlaly5ts 8. 8. Chems II 166. I IH7. I 2U8, I 208, I 208. I 208. I 
II Utll I ties II 283. I 318, I 354, I 354. I 354, I 354. I 
II Pdch~ylny II 213. l 2AY. I 266. I 266. I 266. I 266, I 
II VAklABLE OPERATING C051S II 662. I 745. I 828. I 828. I 828, I 828. l 

208. 
354, 
266. 
828, 

2b3, 
7b4, 

9'1' 
(>4~1. 

I 76 7, 

2011' 
354, 
26b. 
8211, 

I I I I I I I I I I 
JI lOIAI O~tRATINt. COSTS II L4L9. I 2512. I 2594. I 2594. I 2594, I 2594, I 2594, I ~b94, 
11---------------------------------11-----------1-----------1-----------1-----------1-----------1-----------1-----------1----------
ll p I< .JOU CT ION C 0 ST 11 4087. I 4J77. I 4667. I 4667. I 4667. I 4667. I 4667. I 4bb7. 
11---------------------------------11 ------ -I ----------1-----------1-----------I-----------l-----------I-----------l----------
ll li R 0 S 5 CA 5 H f Lt' W II 4'> 1>1, I 5348. I 6138, I 6138. I 6138, I 6136. I 6136. I 613!1, 
11 '1 I I I I I I I 
11 l• f p RE c •AT I !l N 11 b.li>l I 4176. I 35!12. I 2686. I 2015. I 1511. I 1133. J 
II NE 1 0 PE k, PR 0 f I T 11 -llllU, I 512. I 2b56. I 3452. I 41L:J. I 4617. I 5005, I 
11 NON UPERAl!Nt. INCOME 11 II. I 0. I 0. I 0. I h4, I 341. I 63:J, I 
II GRUS 5 INC() Iii E IJ llJIU. I 'JU. I 2'J56. J 3452. I 411!7, I 4968. I 5638, I 
11- ---··- --- --- ----------II I --I-----------1-------------1------ ----1----- -----1-----------1---· 
11 5Hllf<T T(RM INT[Rt5T II 2L:I I :Ji2. I 264. l 125. I 125. I 125. I 125, I 
11 LONI> lEkM INll'llE'>T (LlHWENT) II .201d. I 1157. I 1452. I 1146. I 1!41 I 535. I 129. I 
JI LON(. TERM INIERE5T PA.Ill 11 2UbJ. I 17f>7. l 1452. I 1146. I 1141, I 535. I 229. I 
1 I II I I I I I I I 
JI NU IN(OME Bt~ORE TA>\ 11 -•W'J7. I 1507, I 841. I 2181. I J'll, I 4308, I 5283, I 
11 WUR"-El<SHINO 11 U.I 0.1 0.1 0.1 U.I 0.1 0.l 
JI TA>\ BA 5 E II -~YYY. I -1507, I 0, I 0. I 737. I 4308. I 5203. I 
l I 1 A x E S l PA. I u) I I u I 0, I 0. I ll. I l58. I 1508, I I 849, I 

850 
52118, 

B4fi. 
6 I 3:J' 

125. 
0. 
0. 

bOUB. 
0. 

6000. 
2 1 ll:l' 

I I II I I I I I I I 
11 tit! !NCCJMf Af1Ul !AX II 41J>il. I -15U7, I 1141. l 2181. I ZYb4, I :.!llOU. I :J4J4, I JY05. 
11·------ ------ --- ----·II --1-----------1-----------·I-- ----I- ------··1-----------1-----------1----------
11 I lJIVIOENlJS I II 0. I U. I 0, I 0, I 0. I 0, I 0, I U, 
1 I 1< t <, E f< v ~ ( t EC.AL df< I:• l. I I I U . I ll . I Cl . I 0 . I 0 . I 0 , I ll . I ll . 
11 II I 1---· I I I -------!------· ----1----
11 llEIAIUH> EARN!tl<,,, ll.llMlll I II --.JLJll/, I -5604, 1 -47b4. I -.<'JH.1. I JHI, I 3181. I 6bl5, I 10..,/IJ, 



NllRJl Ai.llJ INlll.kA)l.lJ LuM••llA L.1!.e>t: UA~f: : : : '" ; U A~£. • - • ~ ..t"' 5- • - • Pr uLJuc. t ~ • - • . - .. . -. - . - . -. . .. - . . --. . - . . -. - . -. - . - . . -. . - . . . . -. -. ·-. -. -. -. . - . -. - . -. -. -. -. - • - • - • - • - • ·-·-·-·-·-· •· ·-·-·-·-·-·-·-·-· 
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11 
11 
11 
l I 
11 
11 
11 
JI 
I I 
11 
11 
11 
11 
11 
I I 
11 
11 
11 
I I 
I 1--
11 
11 
JI 
11 
11 
11 
11 
11 
11- · 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
JI 
11 
'I 
11 · 
11 

11 l!<!Hl I 2000 I 2001 I 2002 I 2003 I 2004 I :.!005 It 
II I· I -----·-·1-------- I- --------1-- --------1-----------11 

------- ----------11 - ·---1----- --( ----------1-----------t--·---------1-----------1-------------11 
l NDONf 'd A 

T U T A l. '> A L E S 

Pl<UlHJl" I'> INVtNTUl<Y JNCl<EASE 

H A W M A T t H I A L S 

Met11puwt:1 
Mr.i ~nte11d111... ~ 
) tl~l..IC d.llLC 

l 1 t.~ fl . UVt:!I •~t.hilt~ 

~ I At [l llPt HA I 11-11; LO~lS 

l"atal._-,,t~ !'!. & ( f'H~lh~ 
lJ t l ~ l t l t!' ~ 

Pde.."" d':J 111~ 
VAHIAULE llPtHAl!NG COSTS 

11 1tlll1J5. I 1080'>. I 10805. I 10805, I 10805. I 101l05. I 10805. II 
II 11lllll5. I 10805. I lOB05. I 10805. I 1081":5. I 10805. I 10805. II 
11 I I I I I I t I 
11 lJ. I O. I II. I O. I 0. I 0. I O. I I 

-II- ---------1- -I I--· --- 1-------- 1-- ----------1-· ··-----II 
il 20/J. I ~OIJ. I llJ/:J. I :!073. I 2073. I 20Ll. I 2073, II 
I I l I I I I I I I 
II 2bJ. I 2bJ. I lb3. I ib3. I 2bJ. I 2bj, I 26j_ II 
II 764. I 7b4. I 7b4. I '/64. I 764. I 764. I 764. II 
II Yb. I Yti. I !<b. I Yb. I 96. I Y6, l 96. II 
II 645. I b45. I 645. I 645. I 645. I b45. I b45. II 
11 1767. I 1167. I 17b7. 1 1767. I 17b7. I 17b7. I 1767. II 
1 I 1 I 1 I I I I I 
11 208. I 2118. I 208. I 208. I 208. I 208. I 208. 11 
11 354. I 354. I 3b4. I 354. I 354. I 354. I 354. 11 
I I 21>6. I Zti6. l :t6b. I 266. I 266. I 266. I ;?66. I I 
II 828. I 828. I 82tl. I 828. I 820. I 828. l 8211. II 
11 I 1 1 1 I I II 

TOTAL OPtRAllNC. COST~ II 2594. I 2594. I 2594. l 2594. I 2594. l 2594. I 2594. ll 
-- ------- -------------------11-----------1-----------1-----------l-----------I-----------1-----------1-----------11 

PHO Du CT I 0 NC 0 S l 11 4667. I 4667. I 4bbl. l 4667. I 4667. I 4667. I 4bb7. 11 
----- -------------------11-----------1-----------1-----------1-----------1-----------1-----------1-----------11 

u Hu SS CA S ii FL 0 W II 61J8. I 6138. I bLlll. I 6138. I 6138. i 6138. I 61:111. 11 

D E P H E C I A 
NE T 0 PE II. 
NUN Of•U<AT ING 
l; ll U '> ~ I N 

T I 0 N 
P R ll f 
I NC:OMt 
C: 0 M t 

'>>lllHT ltHM INTtllf:'>I 

I T 

LllNC TUlM INllREST (lUIH<LNfl 
LUNl. IEHM INlEHE~l PAIU 

Ntf INCl•Mt tltl-'llHt l Al\ 

WOHKER~ FUNll 
TAX BASE 
T A X t S (PAID) 

Nt': I I NLUME AF l t II 1 AX 

Ill'· I l>tNO'> 
llL~tl<VE lltl.AL DI< L ~C. ) 

k~TAINlCl ~AHNlNti.'-.. l l UMtll 

I 1 1 I 1 I I I 11 
11 0. 1 0. I !I. I 0. I U. I 0. I 0. 11 
II 6138. I 6130. I HlJB. 1 6138. I 6138. I 6138. I 6138. 11 
11 1087. 1 1658. I 2212. 1 2810. 1 3451. I 4140. I 487B. 11 
11 7J25. 1 7196. I 83h0. 1 8948. I Y5119. I 10278. I 11016. 11 
II ------1-----------1------------1------------1-- ---- - 1----- -·-·-··l----·--------11 
JI 125. I 125. I ll'i. I 125. I 125 l 1<'">. I 1;1~. 11 
11 0. I 0. I D. I 0. I 0. I 0. I 0. 11 
II 0. I 0. I 0. I 0. I L. I 0. I 0. II 
II I I l I I 1 II 
I l 71UU. I 7671. I 8225. 1 88J1. l Y4b4. I 1015J. I 10891, I! 
II 0. 1 0. I 0. i 0. I 0. I 0. I 0. II 
11 71\lll. I 7611. I 8725. I 8Hl3. I Y4h4. I 10153, I 10891. 11 
11 7485. I 2685. I 2879. I 3088. I JJl~. I 3553. I 3812. II 
II I I I I l I II 
!I 4b15. I 4986. 1 5146. I 57l5 1 b15~ 1 b599. 1 7079. ll 

-II ----------!-----------!- ---------! -- ---- -J --·--· ·-1--- ----·--l -----------II 
.! 0. I 0. I 0. I U. I U. I 0. I U. II 
11 0. I 0. I 0 I 0. l 0. I U. I 0. II 

- I I - - - - - - - - - - I - - ·· - - - - - - - - I - - - - - - - - - I - - - - - - I - - · - · - - - - - I ·· - - ·· - - - - - - I - - - - - - - -- - - - 1 I 
11 15135. I 2U1?1. I 2~i4li7. I 112112. I Jll~,4 I 4JY5J, I 5111:l2. !I 
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NET INCOME STATEMENT (SUMMARY) 

-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·- ·-·-·-·-·-·-·-·-·-· 
MUN[TAkY UNlt = THOU~ANU Hll:l7 $ ·-·-·-· ·-· ·-·-·-·-·-·-·-·-·-·-·-·-·-· 

I 
I 
I N. I 'If AR SALES 
I 
I 
--------
I I 

1 I 1991 1~13. 

L I 1991 9b35. 
j I 1 ~y:j l u 7 15. 
4 I 1 'JY4 10805. 
5 I 1 ~~·~ 111805. 
Ii I 19Yb 1 llROf>. 
I I ~y 7 11HlU5. 
8 I 199H 10805. 
9 I lY:J';) ll.i8tl5. 

Ill I .:'lllHi l 11Hil5. 
11 ~ jf)l) 1 111805. 
l t l ~ lll) .! I ll!i!l5. 
l I I ..>1111 J 101lll5. 
1 4 I ~Ou l lllbll". 
15 1 20ll5 108ll5 

I 
I 
I 
l 
I 
I 
l 
I 
I 
I 
I 
I 
I 
I 
l 

I 
RAW I I GRO~S I 

MATERIALJOPERiTJNGIUPEHATINGI 
I COST l PROFIT I 
I I I 

£5JO. I ;{419. I Jti84. l 
2848. I 2512. I 4Jbb. I 
3163. I 25~4. l 504 7. I 
31 t.'.l. I :l5!H. I 5 lHl i . I 
31h3. I 2544 r 5114 /. I 
3163. I "L:._,~4. I 504 7. I 
3163. I 2594. I ~.d14 7. I 
31 t\3. I 2594. I !:i II <l I . I 
3163. I 2594. I 504'. r 
316J. I ;5'14. I 5114 I. I 
! 16 J. I 2~;q4. I 5ll<l 7 I 
31b3. I 4' ~)~) 4 . l ~l04 1 I 
3163. I 2f>Y4. I 504 7. I 
3lb3. I "'594 I 504 7. I 
3163. I 2594. I 5047. I 

N~T 
OEPRE- !OP~RATING! 

CIAT!ON I ~ROFIT I 
I I 

b367. I -:tblLJ. I 
'1776. I -'I 1 u. I 
3582. I 1 '165. l 
2b86. I 2 J61 . I 
?015. I 30:11. I 
151 1. I 3536. I 
1133. I 3914. I 
850. I 4197. I 

0. I 5047. I 
0. I 50.tl 7 l 
0. I 5047. l 
o. I 504 7. I 
0. I 5047. I 
0. I 504 1. I 
0. I 5047. I 

I 
• NET I 

llNTERE~T~l INCOME I 

I 2 J'l'. 
l 2 2:10. 
I 19b'l. 
I lblb. 
I l :i'tJ5. 
I 744. 
I :JI)]. 
I 1 :14. 
I I 34. 
I IJ4. 
I 134. 
I 1 34. 
I 1:1<1. 
I ':14. 
I 1 34. 

IBEf.TAXESl 
I I 

I - !:i (),JO • I 
I -26'10. I 
I -498. I 
I 1'15. I 
I 1R2 7. I 
I 2192. I 
I 355 I. I 
I 4199. I 
I 5.-06. I 
I 5695. I 
I 6106. I 
I b5!:i0. I 
I 7112 7. I 
I 7538. I 
I 8086. I 

tH:.T JNCUMt !H.F. TAXtS INCLUDE'> NUN lJl•ERATINl. INCOME' (1NltRE5T5 EAflNED ON SELURITIE~ OR BUNll5) 
Nff INLOME BEFURE TAXtS ~ MEl lll'U' f'l<Pflf t NON Of'tR. IN<.. 1NTERE5l 
l:llJN[lS AllE AS'>UMtD TO PIJRC>tA~tll Al tll-tilNN!Nl.. u;- VtAR NIN THE AMOUNT OF X P.CENT OF VEAR N-1''> NIAT 
INTEHt~T5 ARE CALCULAltll ON LONI; II.HM /\NU '>llURT TEHM LOANS 
NtT INCOME: AfltH !AXE'>~ NEf INL!JM[ UlHlHl TAXE". - TAXES 

TAXES 

0. 
0. 
o. 
0. 
0. 
o. 

328. 
1470. 
1843. 
1993. 
2137. 
2lY3. 
2459. 
2638. 
2830. 

DATE 31-AUG··ll7 -·-·-·-· -·-·-·-· 
I I 

NET ILUMULAlEOI 
I INCOME I NET I 
TAFT.TAXE'>l INCOME I 
I l 

-5U31l, 
-2640. 

-498. 
745. 

1827. 
2792. 
3223. 
?729. 
3423. 
3102. 
3969. 
4:t58. 
456 7. 
4899. 
5;'.56. 

-!JUJU. 
-7b70. 
-ll I b8. 
-7423. 
-5~>96. 

- 21l04. 
4 "I). 

:l 14!'!. 
b57'L. 

IU:U3. 
1424 2. 
111500. 
;;:I067. 
L/9bl. 
3J222. 
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-. -. -. ·-. -. - . -. -. - . -. -. - . -. - . - . -. -. -. -. - . -. 
MllNElARV UNIT = lHOU~ANll 1':187 $ DATE :n -AUG-87 

·-·-·-·-·· ·-·-·-·-····-· -·-·-·-·-·-· -·-·-·-·-·-··--·-· 
··························································································J··························· • GROS5 CA5H FLUW - AFTER TAX CA~H FLOW" CASH AVAILABLE " CASH AVAILABLE (1) • 

• 
R R 
R R 

((URRtNl MONE¥) P.LENT 
(CUN~TANT MONEY) P.CENT-

• 
•Dl~COUNT R A T E . --------
• Ntl l'kt '>t N 1 VALUE ( . ) 

l. A oti fLUW ANNUi T ... ( . ) 
INVE',fMENT ANNUi TV (.) 

PROF IT ANNUITY ( . ) 
• ~·AV OUT PERIOD 

NPV PER UNIT OF INVESI 
Allt.kA.t..t RA.It UF Rt TURN 

I INVESTMENT I IHVESTMEHT " I EQUITV I EOUITV 

-·-·-·-·-·-· -·-·-·-·-·-· -·-·-·-·-· • -·~·-·-·-·-· 
lb. ti 14 .4 11. J 13. 9 

16.8 14. 4 11. 3 I 3 ,9 

0. 15. 0. 15. 0. 15. o. 15. 
-. - -·- -·- -·- -·- -. - -·- -·-

55. 3. :n. 0. u. LI. 34. 0. 
5. 5. 4. 4. J. 3. 4. 3. 
2. 4. 2. 4. 2. 4. 2. 4. 

4. 1 2. 1. I 0. 2. I. 
4.9 11. 9 4.9 •••• ti. 4 .... 8.3 •••• 
2.4 0. l 1. 6 0.0 0. ti 0.0 I . 2 0.0 

I b. 2 4.6 10.9 2.2 5.3 (). 8 8.2 2.5 

• 

• 
• 

• 

....................................................................................................................... 
(I) lA'>l1 AVAll.AtllE lNCLlJOINC> FINANCIAL INCOME (•) MONETARV UNIT IJIVl'JEO BY 1uno 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ••••••••••••••••••••••••••••••• .................................. ~ ............. . 
AVfkA\iE: VALUES 

-·-·~ ·-·-·-·-·-· 
~ALE~ li11t~rnal) 

~ALE'> (e•port) 

kAW MAllRlAL 
UPE:kATINt.. COO.T 

l..Rll'~'> CA'>H FLOW 

OEPRl(IATJON 
JNT[REST 
lllAN REIMtlUkST 

FINANC INCOME 
NET INC. B. TAX 
TA ~t '> 
Afl lAX (A'>H F. 

NtT INC. A. TAX 

ios:rn. 
0. 

JlUU. 
2578. 

4911 

15 2tl. 
535. 

1189. 

tlU I. 
34 14. 
1199. 
j l 1 2. 

L ;! 15. 

• 

• 
• 

• 
• 

PROJl:LT LI f E ( v) 15. 

!.ONSTflllCl. C05T 22860. 
INTEklM INTEREST 2610. 
WI<. LllP 1 s r CALL l 115. 

JUI INVt~IMENT 2b58f. 

WI\. LAP AV. NEED l I i . 

INITIAL EQUITV 764 I . 

LOANS 18944. 
EUUITV/INV PCl:NT 33. • 

• 
OIVIU/NIAT P( I NT 0. 
DIVIDENDS (CUM.) 0. 
DIVIO /INV PC ENT 0. 

Fl NAL CA Stt 98:.!0. 
FINAL ~ECUHlflE5 :n :.iJ4. 
FINAL NETWURTH 45438. 

. . . . . . . . . . . . . . . . . . . . . . ' ....... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
- I NUUNt '>I A PIHJlJdll f'f<JtLC. (/l(JN) 
• N' t 1· l c A 1. 1 1 7 () . *A1r1mu11 N1t1 1.HJ *(dlL·i1,m Nl .?4D. 

• 
FINANCIAL HAT 10~ 19Y2 J(l(JU :.mus ·-··-·-·-·-····· ·-·-·-·-·- ·-· - . - . -. - . -. -. 

CURRENT RAT I 0 0. 9. 25. 
INVENlOR\I 10 WORY.G LAP. 0. 18' 6 

L.T. DEBT TO NtfWORTH 100. 0. 0. 
DE:BT TO 101 Al A~~El~ 1 70. B. :l. 
TT ME: 5 INTERE~T <'ARNED o. 44. 61. 

f I XEO ASSET 5 TO NETWOl'lfH 0. 14' 6. 

GROS5 OPERATING MAH GIN 45. 4 7. 4 7. 
SAi ES MARGIN 0. :34. 49. 

• RETURN ON Nfl FI X[O ASSETS 0. 150. 2 I 1 , 
RE I URN ON NETWORTl1 • ••• 2 I . 1 2. • 

I llVlNTORV TURNOVER 5. 5. 5. 
lOlAL A~SE:TS TUHNOVE:R I, 1' 0. 

5Al.t5 TO NtTWOHTtl 0. I. o. • 
~ALE~ TO WORK lo CAPITAL 0. I. o. 

• . ................................................... 
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NET INCOME STATEMENT (SUMMARY, 

-·-·-·-·-·-·-·-·-·· ·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-· 
MUNEIAl<V U .. 11 = lHUUSANO 1YB7 S . . ···-· ....... ·-·-· ·-·-·. DATE 31-AUG-117 -·-·-·-·-· ·-· . 
----------- ------------------ ------------- ----------------------------- ------------------------------- ----------------

N. l VEAR SA.ES 
I I 
I I 

----------
I 

I I 1991 7198. ., 
I 1992 tl753. 

3 I 199J 9734 
4 I 1994 9tl 16. 
5 I 19Y5 9816. 

6 I 1996 9t! 16. 
7 I 1997 9816. 

II l 199tl Yll lb. 

9 I 199':1 91l lb. 
lll I /OllO 9816. 
11 I /OU I 91l 16. 
I 2 I ~uo~ 91l Hi. 
13 l LUllJ !ltl 16. 
14 I 21104 ~)ll 1 6. 

I~ I ~005 91116. 

I 
I 
I 
I 
I 
l 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
RAW I I Ll<P~S 

MATtl<IAllOf'El<AIJNLIOf'El<ATINLI 
I COST I Pl< Of IT I 

16'>!1. I 
ltlb6. I 
201]. I 
2073. I 
2073. I 
2073. I 
20 7:J. I 
;>U 1 J. I 
2073. I 
20 7 .l. I 
2071 I 
2073. I 
2013. I 
2ll13 I 
207]. I 

2429. 
<''> l 2. 
2'>94. 
:2594. 
2594. 
2594. 
25'ol4. 
2~:14. 

2~94. 

2~19 4 
2'>94. 
2!:>:14. 
2594. 
2'>9 4. 
25Y4. 

I I 

J7b6. 
44:.ll. 
5149. 
5 1 4'..). 

514':l. 
5149. 
514'ol. 
5149. 
!:>14':l. 
~I l'l 
!") 149. 
5 14',1. 
514'J. 
"1 4':l. 
5149. 

NE! 
DtPl<E- IUPEl<Al!NGl 

C:!ATION I PROFIT I 
I 

!:db7. I - 2b0 l . I 
471b. I - j 'ti. I 
351!2. I 15bl. I 
2606. I 246J. I 
~015. I 3 I '.14. I 
15 I I. I ]b.Hl. I 
l 13:.l. I 4016. I 
850. I 4299. I 

o. l 5149. I 
0. I 5149 I 
0. I 5143. I 
o. I 5149. I 
0. I 514!!. I 
0. I 514!!. I 
0. I 5149. I 

I 
NET I 

llNIEFIE'>l~I INCOME I 

I 23:.'':l. 
I 2 1 !14. 
I 1919. 
I 155 I. 
I I 120. 
1 660. 
I 354. 
I I 25. 
I 125. 
I 125. 
I 125. 
I 125. 
1 I 25. 
l 125. 
I I 25. 

ltltF.TAXESl 
I 1 

I -4!1:io. t 
I - 25 I:.:'. I 
I -J'j l . I 
I 9 I 2. I 
I 20 14. 1 
1 2918. I 
I 36!!5. I 
i 44JO. I 
I 5470. I 
I SH' tj. I 
I 6344. I 
I 6806. I 
I 7 ]U l . I 
I 7832. I 
: 640'. ( 

NET INLllMt tl(F. TAXt'> ltiuuDtS 'NUN OPEFIATltll. INLOMt. (INTtlHc'.T'.:. EARNED ON SECURITIES OR BONDS) 
NET INCOME BEFORE TAXtS =NET OPER. Pf<Ol'IT •NON OP[I<. INC - INfEl<EST 
BONO'. ARE AS~UMED TO PllRLrlASEll Al BfGINNINI• OF VtAR N Ill Tt-lE: AMllUNT Of X P.CENf OF VEAR N-1·-;, NIAT 
INlERE>TS ARE C:ALCULAlEO ON LONG TERM AND SrlORT l~.RM LOAN~ 
Ntl INllJMt AFTEI< TAXE'. = NtT INCOME BEHlkt 1A<t'> - IAXt'> 

TAXES 

0. 
u. 
0. 
o. 
o. 
0. 

688. 
1551. 
1915. 
20 11 . 
2 2 2 I 
23B2. 
2555. 
2 7 4 1 . 
2Y40. 

I I 
NET JCUMULATEO! 

INCOME l NET I 
!AFT.TAXES! INCOME I 
I I I 

-4930. 
-2512. 

-35 I . 
912. 

:zo 14. 
2978. 
2!197. 
281lU. 
3556. 
3846. 
4124. 
4424. 
4745. 
50\11. 
5461. 

-4930. 
-7443. 
- 1 ·1 \14. 
-688~. 
-4868. 
- 11!90. 
If 0 7. 
3\J!l6. 
7542. 

ll 31lt!. 
15512. 
IY936. 
t'4l>A2. 
29 7l 2 . 
J5233. 



-·-·-·-·-·-· ·-·-·-·-·-·-·-·-·-·-·-·-· ·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-· 
NllRIC AClll INTtliRAlED t'OMPLf>< - Ca~<o PRODUCT 5 I OW INV:BA'>E ·-. kct·"I~ •·-• P10,t1,cts 

-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-· 
ltlOU',AN[l l>IU7 $ 

01< r E 31 A1Jli-tl7 
MUNE TAHY llN IT . - . - . . -. - . ·-·-·-· -·-··-·-·-·-·-·-· ·-· 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
LiHOSS CA Sl1 ~LOW AfTER TAX LA'>H FLOW" (ASH AVAILABLE CASH AVAILABLE ( 1) 

INVtSTMfNT I INVESTMENT I EQUITY I tQUITV 
-. - . ·- ·-·-· -·-·-·-·-·-· -·-·-·-·-· -· -·-·-·-·-·-· 

R H (CUflRENl M1)tlE Y) P.LENT T 7 . 2 T 4. ti 1 L, 0 14. I! 

R H (CllNSTANI MONEY) P.CENT. 1 7. 2 14. €. 12.0 14.8 
• . [) I 5 c 0 lJ N T R A T E IJ. 15. 0. l'l. 0. 15. 0. 15. 

------------ - - - - - .. .. - -. - • .. - -. - -. - -. -
NE l PRESENT VALUE ( • l 57. 3. 38 0 22. 0 36. 0. 

CASH Fl OW ANNUITY (.) 5. 5. 4. 4. 3. 3. 4. 3. 

INVESTMHIT ANNUITY ( >) 2. 4. 2. 4. 2. 3. "/.. 3. 

PROFIT ANNUi TV ( . ) 4. 1. :.l. 1 1. o. 2. 1. 

PAV IJU T PtHIOO 4. I! 1 T. j 4.B .... l!.2 •••• B. T •••• 
• NPV PER UNIT OF INVtST. 2.5 u. T 1 . 7 0.0 O.B 0.0 I . :1 0.0 

AVERAliE RATE UF RETURN lb. ti 5.0 I I. 0 2.4 5.5 I . 3 8. h 3.2 

·········~···········································~································································ 
(Tl LA5H AVAILABLE: INLLUt•LNt 1·J.NANLIAL !NCOME (•) MotH:.TAHV UNIT OIVI0£0 BY 1000 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . ................................................. 
AVE:RAliE VALUES • -·-·-·-··-·-·-·-· • 

• 
'>Al ES ( l 11 t t:!'r na \ ) 9565. • 
SALES ( e.- pot t) 0. • 

• • 
RAW MATERIAL ;eo11 . • 
OPEf<ATING COST 2578. • 

• 
t.HU ':.l ""> (A ~11 FLOW 50' 1 • . 

• DE:>'fHl JAflON 1'l2R. . 
INltkl'>I 535. • 
l UAN Hf IMtlllRST 111!9. • 

• 
r l NANI. l Nl UM~ H J':J. . 
NET ltll. tl I A>< Jf1.:>0. • 
1 A• l '> ' ~ 1 1 • 
AFT. TAX LA'>H f j 7 4ll. • 

• 
tit l !Nl. A I Al\ .. : J4~1. • . . . . . . . ... . . . . . . . . . . . . . . . . . . . .. . . .. 

INflONE'.IA 
•N1t1lL ALi 

PHODUCI 
1 ':>U. •AmmUI\. Nl t 1· LI 0. 

• PROJECT LI f E ( y) 15. 
• 
• l'IJNS TRUC T . COST 22!lti0. 
• INTERIM INTEREST 2610. 
• WK. CAP 1 5 T CALL 1042. 
• 
• TOT INVESTMENT 2b512. 
• 
• WK . CAP AV . NU:O 109. 
• 
• I NIT I Al EQUllY 764 I. 

• l OANS 181! 7 1 
• £QUITV/INV PL ENT 33. 

• 
• • U IV I Cl I fl I AT f'L E ti T u. . UIVIOl:.tlll'> \CUM. I 0. 

• DIVID I I HV PCUIT u. . 
• f I NAl. CASH ltJU]b. 

• FINAL SE CURI Tl ES 33 231 . 
• f I NAl. NETWORIH 47449. • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
PklCE'> (/TO~)-
•C~lci~11r1 Ni ~LO. • 

flNANLIAL RATIOS T992 2000 2005 -·-·-···-·-·-·-·-·-·-·-·-·-· -·-· -·-· -·-· 
CURRENT RATIO 0. I I. 30. 

INVENTORY TO WORKG CAP. 0. 15. 5. 

L T. DEBT TO NETWORTH 98. o. 0. 
De BT TO TOTAL ASSETS 162. 6. :.l. 
TI ME::> INTEREST EARNED 0. 48. 611. • 

FIXED AS Sf TS TO NET WORTH •••• 1 3. 5. • 
• 

l..H05S OH:HA TI Nli MARGIN 51. 52. 51. • 
• SALES MARGIN 0. 39. 56. • 
• Ht TU"N ON NET FIXEO ASSETS 0. 156. 2 I 9. 

RE I UHt~ ON NE l WOR Tl1 0. 20. 1 2. 

INVtNfORV TIJHNOVl:R 5. 5. 5. 
TOTAL ASSET 5 TURNOVER I. 0. 0. 

SALES TO NET WORTH 44. 1. o. 
SALES TO WORKG CAPITAL o. I. 0. 

• 
• • • • • • • • • • • • • • • • • • • • • • • * ••••••••••••••••••••••••• 

.. - . 



lNV:liASE ·-· RdWS 
•-•Products . - . 

- NlTk!l All[> INltbHAltll UlMPl.t)( - la,,., 01-'tH. RATt LOW -·-·-·. ·-·-·-·-·-· .. ·-·-· .. _ .. _ ....... ·-·-· ·-· ·-·-·. ·-·-· ·-· -. -. -. -. -. - .... -. -. . -· . - . - . - . -. -. -. - . -. . -. 
NET INCOME ~TATEMENT (SUMMARVJ -·-· ·-·-·-·-·- ·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-· 

M\)f~ETARV UNI\ 1.-tlHl>ANO llJU7 S . . - . - . - . - . -. - . -. ·-. .. . -. -. -. - . - . -. DATE 31 AUG·~7 

-··-·-·-·-·~·-· . 
------------- --------- ---------------------------------------------------- ------------------------------- --------· --·-----------

I I I l 

N. Vt<U< '>AL l '> 

I 
HAW I I GkO~':. I 

MAltRIALIU~tRATINGIOPERATINGI 
I COST I PROFIT I 

I Nt r I 
UEPRE- !OPEHATINGI 

CIATION I PRUFIT I 
l I 

I I Nt 1 
lINlERE~ISI lNCUME I 
I IHEF.TAXE'>I 
l I 

TAXES 
NET ICUMULATEOI 

I INCOME I NET l 
IAFT.TAXt~I INCOME I 
I I I 

------------------------------------------------------------- ------------------------------- ---·-------------------------------

I I I 

I 
I I l~\11 ~~4.:. 

l I 1992 7474. 
3 I 1993 li~~l4. 

4 I l ~'-t't 9b ~,, 

5 I '9<3'"> 1 o ~ lll 
Ii J lq'll; lll2h5. 
7 I 1997 I O~b5. 

8 I l99ll 1Ulb5. 
9 I 1999 l 026':>. 

10 l 2Clllll 10165. 
11 I 200 1 10265. 

'2 I 2002 10265. 
3 I 2003 10265. 

;4 I 2004 10265. 
15 I 2005 10265 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
l 

1 24.l. 
1451. 
I u5B. 
IHbli. 
19b9. 
l9b9. 
l9b9. 
1969. 
1969. 
l9b9. 
191i9. 
l9b\J. 
1969. 
l;Jh'-1. 
196'-l. 

2263. 
2346. 
242~. 

2512. 
2553. 
2553. 
2553. 
L553. 
2553. 
£55). 
255.l. 
,553. 
<'55J. 
L ~">~] . 

2553. 

2976. 
3 7b 7. 
455-,. 
5348. 
5743. 
5743. 
514 .!. 
5743. 
~·14J. 

5 7 4 :i. 
5741. 
514.l. 
5743. 
5143. 
5743. 

6367. 
4776. 
3582. 
2bH6. 
2015. 
151 l. 
l Ll3. 
850. 

0. 
0. 
0. 
0. 
o. 
0. 
0. 

-3391. 
-1009. 

975. 
~661. 

3 7 29. 
4232. 
4610. 
4893. 
5743. 
5743. 
5743. 
5743. 
5743. 
5743. 
5743. 

2362. 
2314. 
2104. 
I~ 16. 
14 14. 
906. 
350. 
l 21 . 
l 2 l . 
l ;>I . 
121 . 
I 2 1 . 
l 2 I. 
12 l. 
l 21 . 

-5754. 
3323. 

- I I 29. 
846. 

2314. 
3326. 
4260. 
4796. 
5954. 
6430. 
6894. 
7396. 
79'.13. 
8510. 
9129. 

0. 
0. 
0. 
0. 
0. 
0. 

285. 
1679. 
;,/D84. 
2250. 
2413. 
:t5t!8. 
2 77 7. 
2919. 
3195. 

-5754. 
- '.jJ 'l3. 
- II 29. 

846. 
2314. 
3326. 
3975. 
3 I 18. 
3870. 
4 l 79. 
448 1 . 
480 7. 
5157. 
553~. 
59J4. 

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

NET lNLllMt Bff. TA><tS IN<Llll>tS 'NON lWf.kAllNG INLUMl'.' (lNIFRtST~ EAl<NED ON SECURIT!E~ OR BONC>S) 
NET INCOME HEfORI: TAXt'.> - NET lll'EH. f•IWfl1 t NON OPEk. INl.. INTEREST 
BOND~ AHE AS':.llMt[I Ill Plll<LHA~l:U Al lHt.lNNINb OF Vl:AI< N IN THE AMOllNT Of X P.CEHT OF YEAH H-l '~ NIAT 
INTERESTS ARE fAL[ULAlEO UN LONG TEkM AND SHDRI TERM LOANS 
Nt.T INLOMt AFrl:I< lA><t'- - Nt-1 llH.OME: l:lfl"1JHt TAXt'.> - lAXE'> 

-5754. 
-9017. 
1D20b. 
. 9360. 
-7046. 
-37:l0. 

'l55. 
J373. 
7242. 

11422. 
15903. 
20710. 
25866. 
:Jl398. 
3/JJ2. 



(JPtH. f.IATl LOW INV:8A~E •-• 'PrGducts . - . •-• Haws - NllHIL ACl[J INIEl.HAltD !OMPLE>< - <d~e -·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-· - . - . - . -. -. -. - ... -· . - . - . - . - . - . - . -. -. -. - .. . -. - . - . -. -. - . -. -. -. - . -. -. -. -. -. -. - . - ... -. - . 
THO!J'>ANll l~t! I S -·-· ·-·-·-· 

DATf :JI-AUG-ill 
MONETAHV llNlf -·-·-·-·-· ·-· ·-· -·-·-·-·-· 

········································································~·············································· CA~H AVAILABL~ 

I EC 'I I TV 
CA~HA',\11.ABLE (I) 

I EQlJITi 

• . 
• 

ll I 

H R 
H fl 

~ l 

lLURRtNT MONEY) P.CENT 
(lON~TANl MUNE:V) P.CENT" 

u u N T f< A I E 
--------- ·- - - - - - - - -

Nfl Pf<E~tNf VALUE ( . ) 
CA~H flu .. ANt'UITV (") 

I Nvt ':> l ME:N I ANNU!lV (.) 

PH<JF Ir ANNllllV ( . ) 
l'AV (JU I l'Ef< I OD 

NP'v PfR UN I l 01' INVEST. 
AVEf<A<>E RA T!:O Of RE TllllN 

C.kOSS CASH FLOW 
I INVESTMENT -·-·-·-·-·-· 
u. -·-6:l. 

5. 
2. 
4. 

5. I 
7. 7 

l 7 . !J 

l 7 . 2 
'1. 2 

15. 
-. -

4. 
5. 
4. 
l. 

l I. 4 
I) 1 

5 l 

AFTER TAX CASH FLOW" 
I INVESTMENT -·-·-·-·-·-· 

0. 
-. -

4 I 
4 
2. 
~I . 

5. I 
l .A 

12.0 

14. B 
14.8 

15. 
- . -

0. 
4. 
4. 
I. 

•••• 
0.0 
2.4 

-·-·-·-· 
u. 

- . 
25. 

3 
2. 
l. 

8.3 
Cl.!J 
6. l 

I I . 7 
11 

15. 
- . -

ll. 
:J. 
J. 
0. .... 

(I ll 
U.9 

-·-·-· ·• -·-· 
U. 

-. -
:.ill. 

4. 
2. 
3. 

8.2 

'. 4 
\I 2 

I 4. 2 
14. 2 

15. -· 0. 
3. 
3. 

'. •••• 
0.0 
2.7 

·································~·························································J·························· t•i MONETARY UNIT DIVIDED 8V IUOu (1) CASH AVAILABLE INllUDING flN~NflAL INLOMt ....................... ,. ........ . ·········~····················· ••••••••••••••••••••••••••••••••••••••••••••••••• 

AVERAGE Vt\LUE~ 

-·-·-·-·-·-·-·-· • 
SALES {lnte:-n"""t) 9632. 
SALES \ eJ( ptlr- t) 0. 

f<AW MATERIAL 1858. 
Ul'EHAllNG LO~l .!!>09. 

GHO'>'> LA~H 1-Lll~ 5:,1 l. 

• 
DE PH El. I Al I ON 1528. 
INIElh~T 535. 
l(H\ N REIMBUH~T l 189. 

FI NAtil'. I tlLUME Bbl 
NE' ! NC B. l AX '1 p ~i ~, . 

TAX E. ~ 1350. • 
A Fl 1 A'!<. LA~H F. 3972. 

Nll INC. A. I AX l4H'.J. ............................... 
· I Nf>ONt ~I A 
•N1lt\CAt.1 

Pl<UlJULl 
llU. • Amt11tJ11. N l tr :,:Ju. 

• 
Pf<(Lit (. T I. If E ( v) '5. • 

• 
LUN5lf<ULT . COST 22860. 
INTEf<IM INlEf<E'>T 2610. 
WK. CAP '5 l CALL 1008. • 

• 
lUT. INVE')TMfNl 26477. • 

• 
WK. CAP AV. Nf:lO ? lti. • 

• 
INITIAL EQLJ I TV 764 I. • 
LOAN~ lP836. • 
EQLJITVl!t:V PC ENT 33. 

• 
0 I v l '' · NI AT PC ENT 0. • 
f\IVrO['<DS (CUM.) 0. • 
DIVID /INV PCENT 0. • 

• 
• FINAL l A S>i !0509. • 

~lNAL ~[lURITIE~ 34 75 I . • 
~ l NAL 14t TWUR fd 49!>4d. . 

• 
·············~················· 

PklltS (/IUN)-
•tdlc1un1 Ni ~4U. 

• 
• FINANCIAL RATIOS 1992 7JOO 2005 

• -·-·-·-·-·-·--·-·-·-·-·-·-·-· -. -. -. -. - . -. 
• CURRENT RATIO 0. I 2. 32. 

• INVENTORY TO WORl<G CAP fl. 16. 5. 

• 
• L. T . OEST 10 '!El WORTH I 16. 0. 0. 

• DEBT TU TOlAL ASSETS 207. 6. 2. 

• TIMES INTEREST EARNED 0. !: 4. 7 7. 

• flXEO ASS" TS TO NETWORltt 0. ·1 3. 5. 
• 
• GROSS OPERAT!N(, Mt.RGIN 50. ~.6. 56. • 
• SALES MARC.IN 0. A 1 . 58. 

• RETllRN ON NET Fl XEO ASSETS 0. I E9. 237. 

• RETURN ON NETWORTH 231 . 2 'l. I 2. 

• 
• INVENTORY TUHNOVER 5. 5. 5. 

• TOl Ac A') ~ET') T <JHNOV c < 0. I. u. 
• S.ALE~ ro NETWORTH o. I. 0. . SALE~ ro WlJR Ku CAPI [AL o. I. u. • 
• • . ................................................. 



l1f'H'< RAif lOW/ RAW HIGH INV:BASE •-• kc.ws •-• ._,rud11:ts . - . 
- NJ 11<11 A( Ill INlt<,RATEIJ 1.lJMPlt" - l.il,,e -·-·-·-·- ·-· ·-·-·-·-· ·-·-·-·-·-·-·-·-·- .. ·-·-·-· -·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-· ··-·-·-·-·-·-·-·-·-·-· 

NEl INfUME STAlEMENT (SUMMARY) 

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

MUNET'IRV UNIT ~ TIHlUSANO 1987 S 

·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-· 

N. VEAR 

-----------
I 

I I lYtJ 1 
2 I 1992 
3 I 1993 
4 I l '194 
5 I \99~ 

\) I l':l':lb 
7 I 1 91.::17 

I! l l':l'lll 
9 I 19!,19 

10 I .-unu 
11 l 2nu1 
I 2 l 2011 < 
1] [ ::'1)0 l 

14 I :.:'UU4 
lS I 2Ull5 

I I 
--------

--------------------------------------------------------------
I 

RAW I I (>ROS~ I 

SALE~ MA1ERIALIUPl:RA1lNG10Pl:RA11NGI 
I COST I PROflT l 
I l l 

DEPRE­
CIATION 

I 
I NET 
IUPEHATlNGl 
I PROFIT I 
l I 

-------------------------------------------------------------
5~14 2 . l 11! ~· 7 . I 2 2b3. I ~322. I 6367. I -4046. 

7474. I 2215. I :.'346. I 3ll03. I 4776. I - I 77 3. 

1!554. I 25:!0. I 2429. I 3684. I 3582. I 103. 

9635. I 21i4t:l. I :.!51 :l. I 4]ti6. I 2686. I 1679. 

10220. l JOO~. [ £5~lJ. I 4707. [ 2015. I 26\:13. 

l 02ii5. I ]llO'"l. I L55J. I 4 7 () 7. I 15 I l. l 3196. 

102h5. I :)on~). I ~ 5~) 3. I 4707. I 1 133. I 3~) 7 4. 

1 (l~h!l I :lllll'>. I 255:l. I 4 70 7. I 850. I 38~. 7. 

1 0 2 t)~ •. I lll05 I '.'553. I 4707. I 0. I 4707. 

1 lJ lb~l . I HJ115 I 2553. I 4 70 1. I 0. I 4707. 

lfllh5 1 Jf)1,· I 1 ~l ') :~ • [ 4707. l 0. I 47()1. 

I U.? t)~) I .} I) I)~~ I ~)ri ', .1 I 4 70 7. I u. l 4707 

t 0 ~) t"\~l. I i(lll'"1 I ~':>5'.l. I 4707. I 0. l 4707. 

l Ulb~). [ .lOllS. I ~~>53. I 4 70 7. I U. I 4707. 

10 .!t)!1. I :i:lllS. I 2 ~>5 J. I 4707. I 0. I 4707. 

I I I I I 
--------------------~--

[ 

NET I 
llNTl:RfSTSI INCOME I 

!408. 
'.l457. 
2 :J65. 
2176. 
19UJ. 
15 7"3. 
1704. 

llGU. 
391!. 
I 2 7. 
I 21. 
I 27. 
1 2 7 . 
I 2 7. 
l 2 7 . 

I BEF. TAXES I 
I I 

-b4!::d, I 
. 4 ;>25. I 
-2262. I 

- 49 7. I 
7 tl9. I 

lf>lll. I 
2370. I 
2998. I 
4109. I 
4~.RO. I 
4827. I 
J 22 \ . I 
5597. I 
6005. I 
6441. I 

Ntf INLOMt tH:F. lAJ\t~ lNl,UlJt<, "NUN l1l'UIAllNG INCOME' (1Nll:RE':>T5 EARP>EU UN ':>ECURITIES OR BOND'>) 
NEI [Nl.UME tlEt-ul'<t TA•E:::. - Nl r lll'tl< Pl<IJ~ll • NON OPER. INC. INlEl<E.'>T 
BONUo, Aki: 11.<,SUMlO Ill ;•utlltlA•tU '11 Ulldt•NlNi> or YtAR NIN THI: AMOUNT UF x P.Ct:NT OF VE:AR N-1·<, NIAT 
INTEf<E'>fS ARE (Al ( llLATEI> lltl l tlfl(, fffiM ANf• SttORT TERM LOANS 
NET INCOME AFT E.R I AXES = NE 1 !Nt UMt Htt Vilt lAXE 5 - TAXES 

TAXES 

0. 
o. 
0. 
0. 
u. 
0. 
0. 
o. 
0. 

1~93. 

16119. 
1827. 
1959. 
2102. 
2254. 

OA Tl: 31-/<UG-ll7 -·-·-·-·-·-·-·-· 
I 
I NET JCIJMULATEDI 
I INCC~E I NET I 
IAFT.1~XE51 INCOME I 
I I I 

-6453. 
-4125. 
-2j62. 
-<97. 

11!9. 
't. I u. 2' 70' 
n,98. 
4~i09. 

3 ;·0 1. 
J. 3 7. 

3'.194. 
31, 38. 
3\103. 
4 I 8 7. 

-b453. 
- I 06 78. 
-12940. 
-134'.il. 
-12648. 
- I I 030. 

-ll660. 
-56b2. 
- I 352. 

I 9:J4. 
5117 I . 
H4b5. 

1 l 103. 
16006. 
2019"J. 



- NITRIC ACID INTEl.kAlED CllMl•l.l}( - L.>~t! OHR. RATE LOW/ RAW till.II INV,BASf •-• P1LJUu1.:.t!> . -. • kdlo'll~ 

-·-·-·-·-·-·-·-·-·-·-·-·- ·-·-·-·-·-·-·-·-· -·-·-·-·-·-·- ·-·- ·-· -·-·- ·-·-·-·-·-·-·-·-·-·-·-·-· ··-·-·-·-·-·-·-·-·-·-·-·-·-·-· 
MONETARY UNIT = THOlJSAllO 1~Hl7 ' DA 'f E 3 I -AUl.-ll I 

- . - . -. -·. . --. -. - . - . - . - . - . . - . - . . . - . -·-· ·-·-·-
···········································~~······················································$·················· 

GROSS CASH FLOW AFTER TAX CA 511 FLOW" CASH AVAILABLE (.ASH AVAIL~BLE ( 1 J 
I INVESTMENT I INVESTMENT I EQUITY I t::QU I TY -·-·-·-·-·-· -·-·-·-·-·-· -. - . ·-·-·-· -~-·-·~·-·-· 

R R (CURRENT MONEY) P.CENT IJ.9 12.5 6.7 B.0 

• I R R (CONSTANT MONEY) ;:>.CENT' 13.9 12. 5 6 7 B.O . . 0 I s c () ll N T R A T c ll. r5. 0. 15. 0. 1 ~. 0. 15 • . - - - ------- ---------- - . - - . - -·- -·- -. - - . - -·- -. -
• Nr T l'RtSENl VALUE ( . ) 4/. 0. 36. :J. l <, II. 21 0. 

CA~H Fl nw ANNUJTV (.) 4. 4. 4. 4. 3. /. 3. 2. 

• INVt\IMENT ANNUITY (.) 2. 4. 2. 4. 2. 3. 2. 3. • 
PROFIT ANNUi TV (.) 3. 0. 7. 0. 1. 0. 1. 0. 

l'AY OUT Pt:RIOD b.0 .... 6.0 •••• lu.ll • • • • 10. 7 •••• 
N~"v PtR UNi l (>~ INvtSI 2. I 0 0 1. 6 o.o 0.6 D.U 0.8 0.0 

AVtkAl.t RA It Ot Rt TURN 1 J. I 1. 6 10.4 0.3 :>.B 0.0 ::>. 0 o.u 

.......................................................•.....................•...•••.............•.......•.•.•.••...•. 
(I) LA';H AVAIUIBLE IN(LlJlllNl, tlNANLIAL INlUMt (•) MONETARY UNIT DIVIDED BY lUUO 

.......•..............•.•.....• . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ................................................... 

• 

AVfRA(,f V Al llE S -· ·-·-·-· 
SALES { lnte111dl) 
SALES ("•µor t) 

RAW MATERIAL 
OPERAT1NG COST 

r.ROO,'> CA'>H FL uW 

DEPkEl IAI ION 
INH.RE':.T 
LOAN RE I MtlllR '> T 

f!N•N( 
NEl INL 
TA~tS 

AFT. lA-' 

INIUMt 
ll. 1 A~ 

CA ':.H t 

NET !NL. A. lA~ 

9632. 
0. 

2tl36. 
2509. 

4:!44. 

1 S.'.B. 
5:jb. 

I l!l'J. 

.14b 

:ut:iB. 
14 ~. 

Jt.O'/. 

1 Jlib 

• 

• 
• 

• 

PROJECT LI F £ ( v) 15. 

CON'> TRiil. T co;, T "l"l86n. 
INTERIM INTERf'>T 2610. 
WK. CAP l;,J l" Al L 10o2. 

101 . lN\IE'>TMENT :<!6532. 

WK. CAP AV. NEED 1, 2. 

IN i I I AL t•JUITV 1 b4 I . 
LOAN;, 1 !1891 
EQUITY II NV PCtNT 3J. 

01 v l [l/lj [ .4.1 l'l" t NI 0. 

DIVIDtNl>S ( C.UM. l 0. 
L>l \/ID / 1 NV f'l tN T 0. 

fl NAL CASH ti 76 2. 

f I NAI ~EC 1 Jfil11ES , 9<! 14. 
FINAL NETWORTH 324il9. 

··············~···~············ 
•••••••••••••••••••••••••• 4 ..... 

I N[lclNE ~ l A 
•N.1trlcALl 1 7U 

l'f<lHHJl r l'I< I LE'> l! TON)-
•Ammun N1t1 2JtJ. •Cdlc1um Nl 24U. 

FINANCIAL RATIOS 1992 7000 2005 • 
-·-·-·-·-·-·-·-·-·-·-·-·-·-· - . -. -·. - . - . -. 

• 
• 

CURRENT RATIO U. 4. 1 7 . 
INVENTORY TO WLRKG CAI'. 0. 54. 10. 

L _ T. DEBT TO NETWORld 142. 0. 0. 
DEBT TO TOTAL ASSETS 277. 14. 4. • 
TIMES INTEREST EARNED 0. 3 7. 52. • 

FIXfD ASSET'.. TO NE TWOR 111 0. 2 7. B. 

GROSS OPERATING MARGIN 40. 46. 46. 
SALES MAR(;[N 0. 32. 4 1 . 

RETURN ON NE r FIXED A'>'>E IS 0. 134. 169. 
RETURN ON NI: TWl'R lt1 IJ9. 34. 13. • 

INVE.NTORY lllRNOVtR 4. 5. 5. 
TOTAL ASSETS TIJf<NllVER 0. l. 0. 

• SA l E 5 TO NFTWORTH 0. I. o. • 
SALES TO WORK(; CAI'\ TAL 0. 3. 0. .................................................. 




