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I. IUCUTIYE SOIOlllY 

1.1 Project ._ctgroancl and history (chapter II) 

l project idea to produce f oraic acid in tbe lSE&ll region under lIJY 
was identified during tbe first phase of DP/RlS/85/010. lt its annual 
meeting in October 1987. the COllllittee for Industry. Kining and lllergy 
(CODIE) endorsed tbe aadertating of an opportunity study to inYestigate 
the financial and technical Yial»ilitf of a possible foraic acid plant to 
be established eitber in Kalarsia or Thailand. 

roraic acid is being used in those two countries. aainly in the 
rubber industry for tbe coagulatfon of natural rubber. 

The lalarsian Industrial DeYelopaent lutboritr (IIDl) appro•ed two 
applicatioaa for foraic acid production tbree years ago. The estiaated 
aartet size in the lSED region at tbat tiae was between 17.000 and 
20,000 t/r. llo follow-up action on these appro•ed applications has ever 
been taken. In tbe aeantiae. an Indonesian coapanr coapleted tbe pre
in•estaent study for a foraic acid plant to be established in JaYa and 
the plant is being launched in SepteabP.r 1988. This plant will produce 
10.000 tons of foraic acid per rear. 

Despite tbis Indonesian developaent. Kalaysia and Thailand ~ave 
expressed continuous interest in undertaking the approved oppcrtunity 
study and tbe decision bas been supported by COilll. This report reviews 
the opportunity of establishing a foraic acid plant in these two 
countries, while leaving the decision on whether it should be established 
in Malaysia or Thailand in the band of potential inTestors. 

1.2 Kartet and plant capacity (chapter III) 

The foraic acid consuaption in Thailand, the Philippines and Malaysia 
is forecasted as follows: 

1988 1989 1990 1991 1992 1993 

Thailand 2,700 3,000 3,300 3,600 3,900 C,200 
lalaysia 5,500 5,500 5,500 5,500 6,500 7,000 
Philippines coo 500 550 550 550 ~50 

Total 8,600 9,000 9,3~v 9,650 10,950 11,750 

The proposed plant will require at lea.t four or fiYe rears lead tiae 
until production starts. It would be realistic to consider 1992 as tbe 
first rear of production. The sales prices are deterainecl on tbe basis 
of a fair coapetitiv• nature, i.e. 10 per cent lower than one of the 
present aajor iaporters' price for Thailand and applying tbe latest win
ning tender price in lalarsia. 
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Tbe procluction prograaaes and prices are set up as follows: 

Thailand 

1992 
1993 
1994 
1995 

hlal!ia 

1992 
1993 
1994 
1995 

Doaestic 
Tonnes USS/t 

1,750 740 
2,450 no 
3,500 no 
3,500 no 

Doaestic 
Tonnes USS/t 

3,000 
4.200 
6,000 
6,000 

640 
640 
HO 
HO 

lzDort to lalaf!ia and elsewhere 
Tonnes US$/t 

3,250 565 
4,550 565 
6,500 565 
6,500 565 

Export to Thailand and elsewhere 
TODaes US$/t 

2.000 
2,800 
4,000 
4,000 

708 
708 
708 
708 

It is assuaecl that the coapetitive price coul~ bring the sales voluae 
up to the full procluction level in three years. It would certainly 
require intensive aarteting efforts to substitute the iaported proclucts. 

Tbe sales promotion costs are budgeted in order to ensure this sales 
prograaae. For Thailand. 10 per cent of the doaestie sales turnover and 
2 per cent of the foreign sales turnover are reserved for sales proaotion. 
For lalaysia, only a standard 2 per cent of sales turnover is reserved 
for sale• proaotion since the aajor doaestie sales are derived through 
tenders. Tbe annual proaotion costs for Thailand and lalaysia are 
USS 332,450 and US$ 133,000 respectively. 

1.3 Baterials and inputs (chapter IV) 

ID Thailand tbe basic raw aaterial, carbon aonoxide, is obtained by 
reforainf natursl gas and •~parating pure CO-gas fro• it. Tbe cost of 
raw aaterial and utility for CO-gas thus obtained i• USS 0.138275/1•3 • 

ID lalay1ia the cheapest CO-gas is obtained by separating it fro• 
blast furnace off-gas. Tbe cost of raw aaterial and utility for obtained 
CO-gas is USS 0.07184/la3 • 

latural gas in Thailand costs USS 0.1039095/la3 • 

Tbe blast furnace off-gas in lalaysia is a11uaed to have zero value 
and i• obtained at no cost. 

Tbe cost of raw aaterial to aanufacture 10,000 t/y of foraic acid 
(90 per cent concentration) is USS 974,135/year in Thailand, while it is 
USS 609,760/year in Malaysia. 

• 

• 

• 

, 
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The cost of containers both in Thailand and lalaysia is assuaed to 
be the saae and aaounts to USS 302,000 per year. 

The price ot utilities is 110re advantageous in Thailand than in 
lalaysia. 

The price of the 110st iaportant utility, cooling water, is 
USS 0.0227/a3 in Thailand, while cooling water costs USS 0.16/as in 
Balaysia (Penang) • 

Electricity in Thailand costs USS 0.067 per tlh, while in Kalaysia 
(Penang) it is USS 0.0576 per tlh. 

Thus the total cost of utilities and energy for a 10,000 ton/year 
foraic acid plant in Tb•iland will aaount to USS 1,164,000/year and in 
Kalaysia (Penang) to USS 1,ICC,000/year. 

1.C Location and site (chapter V) 

The foraic acid plant inducing carbon aonoxide and off-sites requires 
a land surface of 2C,000al, whi'h is available at all discussed locations. 
Froa the point of view of availability of raw aaterials, utilities and 
infrastructure, one location was found to be suitable in Thailand: la Ta 
Phut on the Eastern Seaboard and four locations were fou..d in Balaysia. 
Froa the viewpoint of the cheapest carbon aonoxide and utilities the 
Kalayawata Steel Worts, Penang, was chosen as the best location in 
Kalaysia, the other locations being less suitable. 

1.5 Project enaineerina (chapter VI) 

The aethylforaate process has been selected as aost suitable for the 
stipulated capacity of 10,000 t/y of foraic acid, because of the low 
consuaption of raw aaterials and utilities, practically no waste and high 
standard of unit operation. 

Due to different feedstocts, different carbon aonoxide processes have 
been selected for Thailand and Kalaysia. In Thailand, carbon aonoxide 
will be produced by reforaing natural gas. In Kalaysia, CO-gas will be 
obtained by Pressure Swing Absorption froa the existing blast furnace 
off-gas. 

Soae probleas aay be anticipated in licencing. The only potential 
suppliers of the process are Salzgitter Anlagenbau of the Federal Republic 
of Geraany and CJIL of the United States. 

Tbe total cost of equipaent for a plant to be built \n Thailand will 
aaount to USS 1•,020,000, of which soae 25 per cent corresponding to 
US$ t,C34,000 will be locally supplied. 

Tbe total cost to install the entire plant, including civil enginee
ring, buildings, labour, erection, indirect field expenses and services 
for the whole foraic acid coaplex (CO+ FA plants), will aaount to 
US$ 29,637,000 in the case of Thailand and to USS 30,328,000 in that of 
Kalaysia. 
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1.6 Plant organization and overhead costs (chapter VII) 

In the case of Thailand. the foraic acid plant coaplex will be 
aanaged by a general aanager, to whoa the Fl shift aanagers. CO-plant 
aanager and technical. aarteting and accounting departaents will be 
responsible. In the case of Kalaysia the P~l plant will be controlled by 
the foraic acid shift aanager. Otherwis~. the organizational structure 
i• the saae as in the case of Thailand. 

One of the aajor factors of overhead. i.e. repair and aaintenance 
costs of the whole foraic acid coaplex (incl. CO-plant), will aaount to 
US$ 482,000/year in the case of ThailaDd and to US$ 396.000/year in the 
case of Kalaysia. 

ldainistrative overhead covering general supplies, coaaunication. 
were calculated as US$ 4,000/year in the case of Thailand and 
US$ 4,500/year in the case of Kalaysia. 

Insurance on property aaounts to US$ 53.700/year in the case of 
Thailand and to USS 53,200/year in the case of Kalaysia. 

Plant land rent aaounts to USS 24,000/year in Thailand. while it is 
only US$ 5,160/year for 24.000 a2 in Kalaysia. 

The sales proaotion costs aaount to US$ 133,000/year in the case of 
Kalaysia and to US$ 332,450/year in the case of Thailand. 

1.7 Kanpower (chapter VIII) 

In Thailand, the whole plant (CO + Fl plant) will be operated in 
four shifts and will require 25 persons classified as factory labour and 
six persons classified as adainistrative staff, that is a total of 
31 eaployees, 26 of which will be stilled workers. The total labour 
costs will aaount to USS 138,120/year. 

In Kalaysia, the total labour and adainistrative staff for tte whole 
plant will be of 26 persons only (the PSl plant does not require anyone), 
froa which 21 eaployees will be skilled. The total labour costs in the 
case of lalaysia will aaount to USS 169,700/year. 

A tea• of four persons will have to undergo training at a reference 
foraic acid plant. The CO-plant requires only in-plant training. The 
cost for training in the case of Thailand will be US$ 118,000, while it 
will aaount to US$ 154,000 in the case of lalaysia. 

The erection, coaaissioning and start-up of the foraic acid complex 
(CO + Fl plant) will require the presence of 20 expatriates in the case 
of Thailand at a cost of US$ 1,222,000, while 14 expatriates will be 
needed in Malaysia, at a total cost of USS 801,000. 

In either cases, it is recommended to obtain the assistance of one 
expatriate during the first year of operations. 

• 

• 
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1.8 Iapleaentation and scheduling (chapter II) 

Two years before the start-up of the plant, a aanageaent teaa will 
have to be set up to iapleaent the project. 

Labour costs incurred in the iapleaentation will aaount to 
US$ 80,000 in the case of Thailand and to US$ 1C6,000 in the case of 
lalaysia. 

The tiae schedule for the CO-plant and foraic acid plant is about 
33 aonths. 

Total pre-production costs other than equipaent will aaount to 
US$ 15,617,000 in the case of Thailu.i, of which soae 44 per cent or 
USS 6,799,000 are local pre-proclvction costs. The total pre-production 
costs in the case of lalaysia will aaount to USS 16,483,000, of which 
soae 52 per cent corresponding to USS 8,646,000 are local pre-production 
costs. It will probably require around two years to undertake a feasib
ility study, finalize negotiations AAA award the contract. 

1.9 Final analysis (chapter X) 

1. Total investaent costs CUSS 1,000) 

Building civil £ngineering 
Equipaent 
Pre-production capital expenditure 
Interest 

B. Project financina CUSS 1,000) 

Equity 
Foreign loans 
Local loans 
Bank overdraft 

Thailand 

6,799 
U,020 
8,898 
2,519 

32,236 

Thailand 

8,598 
19, 318 
3,520 

800 

32,236 

c. Total production costs (US$ 1,000)C3rd year 

Thailand 

fixed variable 

Factory costs 853 2,682 
Other costs 

Administration 97. 7 
Sales and freight 605.lS 

Depreciation 1,962 
Financial charges 1,757 

4,609.7 3,287.15 

Malaysia 

8,6'6 
13,845 
7,983 
2,368 

32,842 

Malaysia 

10,908 
17,248 
4,434 

252 

32,842 

of operations) 

Mala:r:sia 

fixed variable 

628.2 2,956 

102.5 
368.2 

1,988 
1,606 

4,324.7 3,322.2 



- 6 -

D. Financial evaluation 

a. The cuaulated cash balance is negative throughout, both for 
Balaysia and Thailand. 

b. Losses for the first five years (USS 

Year First S:;cond 

Tbaihnd -3.204 -2,617 

Balaysia -2.625 -2,025 

c. Ket present value and Ill: 

Thailand 
llalaysia 

Third 

-1,737 

-975 

thousand; 

Fourth Fif tb 

-1,697 -1,656 

-931 -887 

IPV at cut-off rate of: 

12, = -16,563,880 
15, - -15,743,120 

d. The breat-even point is ;tot found in either case. 

e. Debt service ratio (net cash-flow/debt service} for the first 
ten years: 

First year 
Second 
Third 
Fourth 
Fifth 
Sixth 
:ieventh 
Eight 
linth 
Tenth 

E. Sensitivity analysis 

Thailand 

-0.35 
0.53 
0.81 
0.96 
0.98 
1.00 
1.02 
1.04 
1.06 
0.76 

Alternative I: Higher sales prices 

Case I. Export to Malaysia and others 
Doaestic to Thailand 

Case II. Export to Thailand and others 
Doaestic to Malaysia 

Thailand Malaysia 

IRR: 6.38' 

Alternative II: Reduced investaent (by 20') 

Thailand Kalaxsia 

IRR: 2.59' 5.09' 

llalaysia 

'l.02 
0.68 
1.15 
1.31 
1.34 
1.37 
1.40 
1.43 
1.47 
1.08 

lliL!. 

817 
667 

755 
816 
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Alternative III: Reduced variable costs: 20' 

reduction un CO-tas generation, utility and energy, 
aaintenance and sales proaotion costs 

Thailand llalaysia 

Ill: 3.06, 5.07' 

Alternative IV: The coabination of the above three alternatives 

Thailand llalaysia 

IRR: 9.75, 

Alternative V: Tax holiday given to alternative IV 

Thailand llalaysia 

IRR: 8.57' 11.21' 

1.10 Conclusions 

The financial indicators for the base assuaption are all negative. 
It iaplies that the foraic acid plant would not operate profitably either 
in Malaysia or in Thailand. The reasons for this negative financial 
iaplication would be: (i) high initial investaent, (ii) low sales prices 
due to prevailing low CIF prices in both Malaysia and Thailand, (iii) 
high costs of CO-gas generation and high utility and energy costs to 
process foraic acid. This does not, ho•ever, lead to the conclusion that 
the AIJV project should be dropped and that no further fo'.Uow-up be 
envisaged. 

The above-aentioned three areas have a good reason to revjew the 
possibilities of iaproveaent of the financial profitability. Lower 
initial investaent and variable costs could be achieved through careful 
and skillful negotiations with suppliers and contractors while higher 
sales prices could be applied with the Governaent's support iaposing a 
higher tariff rate. 

According to the sensitivity analysis, however, the change of para
aeters in each area alone does not iaprove the financial indicators 
significantly. Coabining the three only shows a soaewhat remarkable 
improvement - but not sufficient enough to fully recoaaend the project 
for follow-up. 

The IRR for bot~ cases is still below the cut-off rate. In Altern
ative IV, however, it proves that the project would enjoy acceptable debt 
service ratio. On the basis of this cash generation capability, it would 
not be too difficult to obtain the loans required in the capital 
budgeting. 

Furthermore, if the Government could provide tax incentives for this 
project, e.g. 10-year tax exemption, the financial indicators would 
further improve. 
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It should be noted that the production progr ... e (sales forecast) 
has to be further reviewed carefully. The sales projection has been aade 
assuaing the originally quoted prices and even the higher prices 
supported by the higher tariff rate are •coapetitive• (10 per cent lower 
than that of coapetitors• products which are presently being sold and 
would be distributed in the future by non-ASEAll proclucers). 

On this assuaption, it has been projected that the sales voluae 
would reach 
10,000 t within three years. In order to achieve this sales voluae, a 
very intensive aarketing effort would be required in the first three ye•r~ 
of operation. Particularly the Indonesian product which will soon b~ 
introcluced to the ASEIJI aarket will becoae a strong coapetitor although 
it is not taken into account in this report. If this projected sales 
voluae is not achieved, it will obviously worsen the financial position. 
The break-even point for both cases in sensitivity 4, in coabination with 
three areas of iaproveaent, indicates that the ainiaua of 89 per cent and 
70 per cent of full production voluae in Thailand and Balaysia 
respectively should be secured. This does not seea to be an easy task. 

In suaaary, 

(1) The project with basic assuaptions and cost estiaation shows 
negative financial indicators for both Thailand and Balaysia; 

(2) These negative indicators are attributable to (i) high initial 
investaent, (ii) low sales price and (iii) high variable costs; 

(3) Sensitivity analysis on changing ~araaeters in the above three areas 
concludes that no drastic iaproveaent can be expected by changing 
parameters of one single variable (area). The significant iapr?ve
aent could only be aade by coabining the three areas, i.e. 20 per 
cent lower initial investment, 20 per cent lower variable costs 
(selected), and higher sales price assuaing the higher tariff rate 
which would protect the products in question. 

(4) Even the above coabined assumption shows vulnerable financial 
indications in both Thailand and Malaysia. However, it aay be 
acceptable for individual entrepreneurs and/or the Governaent to 
pursue the possibility of naturalization in view of possible further 
iaproveaent in its financial terms; 

(5) The prices are established at 10 per cent lower than the present 
competitive prices to ensure the projected sales voluae. The fore
casted sales voluae au1t be achieved in order to secure the 
estimated cash generation. A failure would aake an extreaely 
negative financial iaplication; 

(6) lo significant advantages have been iientified to conclude where the 
plant is to be established, either in Thailand or in Malaysia. Even 
if the sales forecast in Thailand is increased to 5,000 t/y as shown 
in Sensitivity Analysis VI, the IRR would only iaprove very 
aarginally; 

• 

• 
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(7) In the case that no entrepreneur in Thailand and KalaJSia initiates 
i .. e4iate follow-up. possibilities of co-operation with the Indone
sian foraic acid plant under AITY should be pursued. The situation 
aay be re•iewe4 six aonths after foraal sul>aission of this report • 



- 10 -

II. llCl:GtOUID DD BISTORT or TIE PIOJICT 

2.1 General outloot of foraic acid 

Foraic acid bas been iaportecl and consuaed in the lSEU region 
aainly for lllblaer industry and aarginally for the tanning and teztile 
industries. Industrialists in lSEU point out that a potential aartet in 
this region would be significant enough to establish a aanufa=taring 
facility. The aajor ru))ber producers in this region are Indonesia, 
llalaysia and Thailand. The product iaported froa the Federal lepublic of 
Geraany and other European coUDtries bas a concentration of 90 per cent 
and the one froa China is at 15 per cent. 

Specifically, the application pattern of foraic acid in Balaysia and 
Thailand greatly differs froa that of the industrialized countries where 
it is aostly usecl in fodder preservation (silage aating), iD the teztile 
industry (acidification of vat dyes and as e:a:hausting agent in the dyeing 
of cotton and wool), cbeaical SJDthesis, pharaacy, electroplating, 
leather tanning and so on. 

In llalaysia and Thailand foraic acid is aostly usecl in the coagula
tion of natural rubber. Bere it coapetes with aineral acids lite the 
sulphuric acid which is stronger and cheaper. Tbe advantage of foraic 
acid steas froa the fact that it is safer to use than aineral acid. 

The other uses of f oraic acid in Balaysia and Thail1.11d are in tbe 
textile and tanning industries where it coapetes with acetic acid wbicb 
is safer to use. However, tating into accoUDt that acetic acid is at 
least 70 per cent aore expensive than foraic acid and that its acidity is 
ten tiaes less, tbe availability of cheap foraic acid guarantees future 
increases in its consuaption in industrial sub-sectors. Currently the 
consuaption of natural fibres is steadily growing so that tbe use of 
fGraic acid, especially in the textile industry, will grow all the aore 
since its application does not require as sophisticated an equipaent as 
that of aineral acids in this industrial branch. 

2.2 lIJV possibility of foraic acid plant 

l project idea for the production of f oraic acid in the lSEll region 
UDder lIJ'I was identified during the first phase of DP/RlS/85/010. In 
view of expected larger ~ales voluae between one aaong participating 
coUDtries and 90 per cent of aarginal tariff preference, it was 
considered that the lIJ'I scbeae would be very advantageous. lt its 1987 
annual aeeting (Oct. 1987), the Coaaittee for Industry, lining and Energy 
(COillE) endorsed the undertaking of an opportunity study to investigate 
the financial and technical viability of an eventual foraic acid plant 
to be established either in llalaysia or Tbaila~d. 

In tbe aeantiae, an Indonesian coapany bas eoapleted tbe pre-invest
aent studies for a foraic acid plant in Java with tbe intention to cover 
aainly tbe Indonesian aarket. The construction will be coapleted in 
August 1988 and tbe production will start in Septeaber 1988. Eventually, 
tbe plant size was increased to 10,000 t/y. Thi• plant will have excess 
products wbicb would bave to be sold in otber lSEll countries. In 

• 
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addition to this Java plant. Indonesia is ~onteaplating a second 
10,000 t/Jear capacity foraic acid plant in •orthern Saatora. This 
project does not seea to be iaaediatelJ iapleaented because of various 
econoaic reasons. 

Despite this Indonesian developaent. Kalaysia and Thailand expressed 
continuous interest in undertaking the opportunity study. This decision 
is based on their assessaent that the foraic acid consuaption in these 
t1f0 countries 1f0ul4 justify the ainiaua plant capacity of 5,000 t/year 
and that future deaand 1f0ul4 increase to the u:tent that a plant of 
10,000 tit capacity 1J0uld be fully justified coaaercially. 

2.3 Puteose of the opportunity study 

Tbe aanufacturing facility. if it were proven profitable, could be 
located either in Thailand or Kalaysia. The project sponsors in Thailand 
have not been itentified at this stage. The Kalaysia Industrial Develop
aent luthority (KIDA) undertook a preliainary aarket investigation and 
forecasted a total consuaption of foraic acid in the range of 17,000 to 
22.000 t/year for the 1Sllm region. 

On the basis of this study, KIDA has given approval for the 
establishaent of the foraic acid plant to two Kalaysian coapanies. This 
was three years ago but no specific follow-up action bas yet been taken. 
This opportunity study is aiaed at proaoting the aaterialization of 
f oraic acid plant either in Kalaysia or Thailand under AIJV if proven 
co .. ercially profitable. The opportunity study in general could investi
gate various alternatives before aoving to the next step, i.e. the 
~oapilation of a feasibility study. For instance, even if the financial 
analysis shows vulnerable aspects for priae assuaption, the opportunity 
study leaves rooa for further investigations on various alternatives. 
Thus. reviewing various alternatives would be the essential use of this 
study. 

2.4 Specific reaarts on this report 

Ascertaining the aarket size. in this region as well as outside the 
ASEllf regi?n, would thus be one of the aost crucial factors. In addition 
to Chapter III, an in-depth aarket study on end-users' aspects in Thailand 
and Malaysia as well as gathering inforaation on secondary deaand and 
supply in the world aarket will be carried out separately f roa this 
opportunity study and annexed to this report upon its coapletion. 

The other iaportant factor in this study would be the raw aaterial 
(CO gas) availability and its cost including CO-gas separation costs. 
Chapt~rs IV to II explain relevant aspects of both f oraic acid and CO-gas 
separation plant separately, since co gas bas to be separated to be used 
as aain raw aaterial for foraic acid. These chapters therefore have 
sub-headings of CO-gas plant and foraic acid plant. This aeans that a 
CO-gas plant is to be built within the preaises of the foraic acid plant. 

As aentioned earlier, this study will investigate possibilities of 
establishing a foraic acid plant either in Thailand or Kalaysia. The 
cost investigation was carried out for each case. Except for chapter VI: 
Engineering, each chapter therefore also bas sub-beadings for Thailand 
and Malaysia. 
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III. DUET AID PLOT CD.lCITr 

3.1 Guidelines of sales forecast and price 4eteraination 

The sales forecast of foraic acid is deriYed froa the present and 
past iaport voluae in Thailand and Kalaysia and the estiaation of future 
consuaption of foraic acid in rubber industry aainly in these two 
countries. In addition, the present iaport voluae in the Philippines and 
other neighbouring countries such as Sri Lanka and India will also be 
taten into account as a aarginally additional ezport voluae froa the 
proposed plant. 

The estiaation of future consuaption is based on the investigation 
of the end-user consuaption patterns and future growth rate of rubber 
-proclucts - particularly the prociucts which require foraic acid for 
coagulation such as SD CY and SD L, SD LY, SD 5 and SSR in the case 
of Kalaysia and high quality proclucts equivalent to the siailar standard 
applied for Thailand. 

The sales price of f oraic acid procluced f roa the proposed plant is 
also a crucial doainant factor in deteraining the sales voluae. The 
f oraic acid is presently being iaported f roa Europe and China into the 
.lSElll region. Indonesian products will be penetrating into Kalaysia and 
Tbailan~ in the near future, as early as 1989. In view of this present 
and future coapetitive situation in the lSElll region, the price tc be set 
up for the proposed foraic acid will infuence the sales voluae subs
tituting iaport products to a great extent. Presently, the sales prices 
of different proclucts in the lSElJI re,ion is rather low, possibly lower 
than the unit procluction cost of the originating fact~ries. 

lo tariff is presently iaposed on foraic acid in Kalaysia and no 
effects exist on iaport procluct protection. For Thailand, it is 20 per 
cent. One assuaption wbicb could be applied in this study is to lift the 
tariff to tbe level where the local products ensure the profit froa 
higher sales price. However, the iapact on lifting the tariff on foraic 
acid aay be extreaely significant for rubber industry in both Balaysia 
and Thailand. Therefore, the study did not opt for the idea of lifting 
up the tariff rate as a priae assuaption to enable the sales price to be 
set up higher than the present coapetitive price. However, the higher 
price range ••• set-up taking into account reasonably acceptable tariff 
increase for sensitiYity analysis. 

3.2 Deaand forecast 

Table 3.1 shows the iaport statistics of foraic acid in Thailand, 
Kalaysia and the Philippines. 

Table 3.1 Iaport statistics of f 01aic acid (tons) 

Country 1982 1983 1984 1985 1986 1987 

Thailand 880 953 1,396 1,188 1.•02 2,•77 
Kalaylia ,,958 5,516 5,'37 6,'38 4,3,0 n.1. 
Philippines 227 401 357 232 299 n.a. 

• 

• 
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3.2.1 Thailand 

Tbe drastic increase of the figure. fr011 1.co2 t/y in 1916 to 
2,C77 t/y in 1917 is attributable aainly to the encourageaent of the Thai 
lubber lesearch Institute to use aore foraic acid in order to iaproYe 
rubber quality. S.all rubber plantation holders in Thailand •ere not 
•ell acquainted with the organized and aore effectiYe coagulation process. 
There is an eainent trend towards iaproYeaent of ruber products by using 
foraic acid in Thailand. 

Table 3.2 Future prospect of R products in Thailand 

Production 
(1,000 tons) 

1986 

792 

1911 

936 

1918 1919 

172 913 

Source: Thai lubller Research Institute 

1990 1991 1995 2000 

95C 1,000 1,217 1,325 

As shown in table 3.2. the natural rubber products in Thailand will 
grow to the leYel of 1,325,000 t by the year 2060. It is alaost 70 per 
cent of tbe net growth as coapared to the 1916 figure. It aay be too 
optiaistic to assuae that the above-aentioned increase will continue in 
1917 along tbe increase of natural ruber production. It aay have to be 
rather conservatively assessed with respect to the recent hike of latex 
concentration price and the eainent corresponding sbif t of rnber produc
tion to this product. Latex concentration does not require foraic acid. 

In addition to the consuaption of foraic acid in the rubber industry. 
it is assuaed that about 15 to 20 per cent of the consuaption is derived 
froa textile and tannery inustries in Thailand. This segment aay increase 
constantly. Taking into account the above statistics and exported trend. 
the foraic acid consuaption in Thailand is forecasted as follows: 

(t) 

1987 

2,COO 

1988 

2,700 

3.2.2 Jlalatsia 

1989 

3,000 3,300 

1991 

3,600 3,900 

1993 

c.200 

Table 3.1 shows an eainent decrease in foraic acid iaport in Kalaysia. 
This is aainly attributable to the above-aentioned shift of rul>ber products 
to latex concentration. Another reason aight be the carried-over stoct 
when relatively cheap products arrived froa Cbina and/or due to the 
increase of Cir price in 1986 as coapared to that of 1985. It seeas 
unrealistic to assuae th1t the total rubber production in Kalaysia would 
increase to aeet the deaand in latex concentration while teeping the pro
duction level of Siii LV and LS, LlO and ass ~ncbanged in the next several 
years. Therefore, a gradual decrease of foraic acid consuaption in the 
rubber industry is foreseen in the next few years. This trend, however, 
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should not be COlir;idered as a constant shift. The trend would change 
corresponding to the price fluctuation of different rubber products. 
Tatint into account the other uses of foraic acid. which have not been 
studied in-4epth in this opportunity study. it is assuaecl that tbe 
consuaption of foraic acid in Kalaysia will coae bact to tbe level of 
1985 (6.t38 t) in five years. In other words. the increased deaand for 
f o~c acid in textile and tanaery aay aaintain the de.and level at 
5,500 t/J for the next few fears and then reach the level of 
USS 6,500 t/y in 1992, to becoae USS 7,000 t/y in 1993. Tbe deaand 
forecast is as follows: 

Forecast deaand for foraic acid 

(t) 

1981 

5,500 

3.2.3 Philippines 

5,500 

1990 

5,500 

1991 

5,500 

1992 

6,500 

1993 

7,000 

It shows an irregular trend in foraic acid iaport voluae in the 
Philippines. Due to lack of suppor•ing ~~ta that would explain clearly 
its reason, this studf assuaes that the future deaand will be based on 
this present iaport voluae i.e. approxiaately 300 t/y. It aaf grow to 
the level of 500 t/J. Tbis studf did not consider Indonesia as a possible 
exporting country due to the recent establishaent of a foraic acid plant 
in Java which will aost likely cover the entire doaestic aarket. The 
following forecast is aade for the Philippines: 

(t) 

1988 

400 

3.3 Price construction 

1989 

t50 

1990 

500 

1991 

550 

1992 

550 

1993 

550 

Table 3.3 shows the CIF prices of coapetitors in 1986 for Kalafsia, 
Thailand and the Philippines. 

• 
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Table 3.3 IaDorters of f oraic acid in 1986 aad their CIF 2rice 
(USS/t) 

ftailancl Jlalaysia Philippines 
Yolae CIF Vol UH CIF YolUH CIF 

Switzerlancl 0.15 
China '122 t97 528 HS 16 48S 
Fecl.lep.Geraany sec SC2 2,371 498 108 491 
Unitecl lingcloa 417 661 21S 482 Cl Cl! 
Italy 101 442 
lletherlands 62 S37 0.3 20 470 
USl 31 526 142 574 0.1 
lutralia 0.11 
Japan 40 452 
SintaPore 12.5 S19 98 491 
People"• lep. 

of lorea 947 5S6 
loaf Ion' 16 48S 
France 0.02 

Total 1,402 4,340 ?00 

3.3.1 Case I: 1&nufacturing facility est&l>lished in Thailand 

fte CIF prices in Thailand are presently centered around USS 5SO and 
USS 600/t. One of the i•Porters in Tbailancl recently placed an order for 
USS 600 for 1988. Thailand iaPoses 20 per cent of tariff and 1.923 per 
cent of business tax plus 0.1S5 per cent of aunicipality tax on iaported 
foraic acid at the iaporters• le•el. In addition, J per cent for handli~g 
and transportation charges are borne by iaporters and roughly 10 per cent 
of aartin is traatecl by iaporters. 

Thus, tbe price of foraic acid to tbe larfe consuaption end-users 
and/or retailers would be approziaately USS 820. It aay be practical to 
deduct 10 per cent f roa this price in order to sul>stitute the iaport 
products with effective price incenti•e• to tbe existinf rul>ber planters/ 
/retail~r•. In other words, tbe aanufacturing plant in Thailand aay be 
able to penetrate ancl substitute the iaportecl products with the r~lling 
price of USS 740 • 

The Cir prices to Balaysia fall into the r1Dt• of USS 450 to 570. 
Th• aajor consuaers of foraic acid in "alaysia call for tender once or 
twice a year. This .. ans tbat tbe price incenti••s for penetration to 
Balaysian aartet is not considered since tbe end-user can change suppliers 
by a siaple econoaic price ad•ant1ge due to its tendering nature. 

Tbe price finalized in one of tbe recent tenders i• soaewbere around 
USS 640. Tb• iaporters in Balaysia should be able to bid lower tban this 
price. Presently, no tariff is iaposed on iaported foraic acid in 
Bala7sia. Therefore, the Cir price should be set up at USS 565 allowing 
tbea 10 per cent of profit aargin, plus 3 per cent of handling charge. 
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T!le CIF p~ices t~ tbe Philippines do not ditf er so auch f roa those 
of Kalaysi•; theT~fore, the saae selling price to Kalaysia was applied 
for financial anaiysis. 

3.3.2 Case II~ Kanufacturiaa plant established in Kalatsia 

The plant in question will be idlle to participate in tenders directly 
without using sales agents. The selling price c~ thus be set up at 
US$ HO. 

One of the recent CIF prices placed by o iaporter in ftailand is 
US$ 600. Assuaing the product could enjoy 90 per cent of aarginal tariff 
perforauce. the coapetitiYe price could be set up 3t 18 per cent higher 
than this CIF price. i.e. US$ 708. 

The CIF prices to the Philippines are slightly lower tho those of 
Thailand. loweYer. the saae selling price to Thailand was applied for 
financial oalysis since a Yery little iapact is anticipated in this 
price difference for the Philippines. The above price deterainatioa does 
not take into account the product which will soon be aartete4 froa the 
newly established Indonesian plot. Their product aay be sold in 
Kalaysia od Thailand at a price lower than the recent CIF prices 
inYestigated for the products coaing into these countries. 

3.C Tariff cons;de~ation vis-a-vis sales price 

This study c not priaarily consider the lifting up of the tariff. 
The rubber industry in Kalaysia is one of the tey sectors and increase of 
purchase price of foraic acid at the end-users' level will have consider
ably negative iapact. Particularly the recent rubber product aix tread 
does not grant any possible increas~ in production costs for tbe products 
using foraic acid. It aay a:celerate the shift of the products to latex 
concentration and IRS. ls a result, tbe future production voluae of Siil, 
CV, L, S, 10 which use foraic acid aay not be aaintained or even decreased 
against the above forecast. This is also applicable to Thailand. The 
foraic acid price increase will discourage the saall rubber plantation 
holders froa its use. The sales forecast aade above is therefore on the 
basis of purely econoaic coapetitiveness. 

Since the tariff rate is always subject to changes and deterained on 
the basis of political iaplications, however, the following alternate 
prices are put forward for sensitivity analysis. Those prices are cal
culated by adding a net 20 per cent aore on the existing tariff. lach 
price is shown in the following table 3.C and an exaaple of the calcula
tions is also shown in table 3.5. 

Table 3.C Coapetitive prices (US$) 

CASI I: Doaestic to Thailand 
Export to Kalaysia 

CJSI II: Doaestic to Kalaysia 
Export to Thailand 

.. 
Basic 

a11uaption 

7'0 
51;5 
6'0 
708 

When higher 
tariff is applied 

817 
667 
755 
816 

• 
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Table 3.5 Calculation of coapetiti•e price for 
doaestic Thailand products (US$ CIF) 

Tariff 
Business tu 
llunicipality tu 
Bandlin.g charge 
llarfiD for iaporter 

Base case 
(') 

20 
1.953 
0.195 
3 

10 

35.U8 

Assuaing a higher tariff~/ 
(') 

36 
1.953 
0.195 
3 

10 

51.148 

US$ 600 (Ctr) X 1.351CI • USS 820 
less 10' for 

coapetitiveaess • US$ 7CO 

US$ 600 (CIF)X 1.511C8 = USS 907 

= USS 817 

3.5 Production provr ... e 

It would tate at least four to five years to launch the plant for 
production, even if a decision is aade now to follow up this oppcrtU4ity 
study for the further feasibility study and eventual start-up stage. ls 
it will be further explained in Chapter II, the construction period would 
be 33 aonths after signing contracts. It would probably tate two addit
ional years to coaplete a feasib~li•y study and all the necessary 
negotiations prior to the constr~ction start-up. This aeans that the 
earliest pcssible productkn year would be 1992. According to the deaand 
forecast, the deaand in lalaysia, Thailand and the Philippines are as 
follows: 

1992 1993 1994 .... . ... 
lalaysia 6,500 7,000 7,000 
Thailand 3,900 C,200 C,200 
Philippines 550 _lli 550 

Total 10,950 11,750 11,750 

The study assuaes that the production of 1992 is 50 per cent of fall 
production, 1993 for 70 per cent, 199C for 100 per cent and this level 
will continue. The plant aay have difficulties in its sales in the first 
year. lowever, it should catch up in the second year at least 70 per cent 
of full production capacity and reach 100 per cent in the third year by 
effectively utilizing the sales proaotion funds allocated. It requires 
intensive aarteting efforts to aaterialize the following produ~tion 
progruae. 

!/ 90' of aarginal tariff preference is being applied. 
Thus, CO' I 0.9 • 36,. 
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1992 1993 1994 1995 1996 --
llalaysia 3,000 4.200 6,000 6,000 6,000 
Thailand 1,750 2,450 l,500 3,500 3,500 
Philippines _ill_ ~ ~ 500 500 

Total 5,000 7,000 10.000 10,000 10.000 

3.6 Sales pro•otion 

It requires a strong sales proaotion to penetrate into a new •arket by 
substituting the iaport products. 

3.6.1 Case I: llanufacturing in Thailand 

In this country. foraic acid is directly distributed through iaporters 
and wholesalers to the end-users. It appears that business connexions of 
wholesalers and iaporters with ultiaate end users are strong and price 
incentive to change products should be significant. Thus 10 per cent 
lower price is set up as coapetitive price. In addition, 10 per cent of 
sales turn-over is reserved as proaotional funds. This is the figure 
used as a yard stick in other f oraic acid plants in industrialized 
countries. Export to Balaysia does not require such a high percentage 
since the product is to be sold to the appointed agent which could be one 
of the joint-venture partners. Nevertheless, approxiaately two per cent 
of sales turn-over is asuaed for sales proaotion. Thus, the total sales 
proaotion budget required during the full production period would be 
US$ 332,450. 

3.6.2 Case II: Banufacturing in Malaysia 

Due to the nature of tendering in practice in Malaysia and possible 
large voluae of sales to estates and corporations holding saall planters, 
only two per cent of sales turn-over is assumed as sales proaotion in 
Malaysia. The same percentage is also assumed for the foreign sales to 
Thailand because of the same reason aentioned in the above 3.5.1. The 
required budget would be US$ 133,000 during the full production period. 

3.7 Transportation costs related to sales 

Case I: Manufacturing in Thailand 

Case II: Manufacturing in Malaysia 

Sea f reigbt costs are esti•ated at US$ 30/t between Bangkok and any 
port on tbe peninsular island of Malaysia. Furtheraore, local transport
ation for both cases is assumed at 3 per cent of sales turn-over, i.e. 
US$ 19.2/t for Malaysia do•estic transportation and USS 22.2/t for 
Thailand. 

• 
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IV. llATERIALS llD IllPUTS 

4.1 General description of raw aaterial~ 

The aain raw aaterials for the selected aethylf oraate process is 
high purity carbon aonoxide (98-99 per cent), aethanol and the catalyst. 
Kethanol and the catalyst have tc be bought on the aartet while carbon 
aonoxide has to be produced on the site. 

4.1.1 Carbon aonoxide 

Carbon aonoxide can be produced either by reforaing a hydrocarbon 
feedstock or it aay be separated froa CO-containing streaas. There exist 
two aajGr feedstocts suitable for CO production. These are froa: 

1. Conventional sources 

light hydrobarbons as: natural gas, LPG, naphtha, 
- heavy hydrocarbons as: fuel oil. heavy residue, 

coal or brown coal. 

2. Non-conventional sources 

- CO-containing gas streaas f roa the cheaical industry 
off-gases from steel industry and other by-product gas streaas. 

In the case of conventional feedstocks, the CO production plant 
consists of two process sections, naaely: generation of CO syngas, and 
separation/purification of CO from the syngas. 

For the generation of CO-syngas the following processes are 
available: 

for light hydrocarbons 

reforming with stream and/or COz 
autotheraal reforaing with oxygen and steam 
partial oxidation with oxygen. 

for heavy hydrocarbons 

partial orxidation with oxygen 

for coal or brown coal 

gasification with oxygen or air. 

In the case of non-conventional sources, only the separation/purifi
cation step will be applied eventually resulting in a considerable 
reduction in plant cost. 

For the separation/purification of co from the gas mixture, the 
following steps can be apyli•d: 

1. a pre-purificatio~ step to remove acidic co~ponents such 
11 COz, water and S-component1 (COS, HzS, RSH) 
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2. a final separation/purification step. The following technologies 
aay be used: 

(a) cryogene separation (Cold-Box) 
(b) absorption technology (pressure swing absorption - PSl) 
(c) aeabrane technology (KOllSAlft'O prisa filter) 
(d) reversible coaplexation such as the COSOIB process. 

Eventually, the separation proc~~ses aentioned in the above two aay 
be coabined. 

In order to reduce the price of foraic acid it is necessary to find 
the cheape~t source of carbon ao~oxide preferably one of those listed 
under non-conventional sources, since these do not require setting up 
costly refol'lling equipaent and are generally cheaper than the conventional 
sources. 

4.1.2 Bethanol 

Kethanol can be bougbt on tbe local aarket both in Tbailan4 and 
Balaysia. Bethanol which is recycled in the process (serves as an agent) 
is actually the least iaportant raw aaterial as it is needed in quantities 
not exceeding 300 t/year which corresponds to USS 58,000/y at full 
capacity in Balaysia and USS 52,560/y in Thailand. 

4.1.3 Catalyst 

The catalyst bas to be bought fro• the supplier of the process. The 
coaponents of the catalyst are not openly disclosed. It has to be in 
stock for half a year which incurs a raw aaterial outlay of 
US$ 75,000/half year to be stored. 

At full production capacity, the cataly~t cost is USS 150,000. 

4.1.4 Containers 

lovadays, the consuaers in Thailand and Kalaysia are used to 
receiving foraic acid in 28-litre or 35-litre containers. In calculating 
the cost of containers the fact bas been taken into account that the 
containers in Kalaysia can be recycled so that only 3,000 containers at 
the a price of USS C have to be replaced each year because of wear and 
tear (total USS 12,000/year). Tbe whole quantity of containers needed in 
Thailand, i.e. 72,500 pieces/y at an annual cost of USS 290,000/year is 
unrecoverable. Thus the total cost of containers aaounts to USS 302,000 
per year. 

4.2 Sources of co aas 

Tbailan4 

In Thailand, a non-conventional source of CO-gas was not identified 
and the only possibility found was to refora tbe available natural gas at 
tbe Ka Ta Pbut Industrial Coaplex. Since inexpensive oxygen is not 
available, the autotheraal rtforaing of natural gas was not chosen. 
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Ratural gas is available as treated gas, raw gas I and raw gas II 
aainly differing in the content of COz (see Annex I). Raw gas I contains 
23 per cent COz and raw gas II contains 14.51 per cent COz. Thus both 
gases are suitable for COz reforaing. 

Since the 10,000 t/y foraic acid plant needs about 600 Ra3 /hour 
co gas which is quite a saall quantity, it is &ecessary to choose the 
cheapest reforaing and separation process which aates use of the COz 
present in the gas. 

Such cheap alternati•e presents the coabination of the CILCOR C 
process of the Caloric Coapany of Kunich, Fed. Rep. of Geraany, and the 
Cold Box separation process of LillDE, Kunich Fed. Rep. of Geraany (see 
Annex II.2). There is no need to pre-treat the gas in a desulphurisation 
step, since this has been done in the gas pretreataent plant. 

In order to decrease the quantity of additional COz needed for the 
reforaing it is recoaaended to use Raw Gas I as feedstock for the 
Calcor-C reforaer. The necessary quantity of C02-gas (about 80 la3 /hour) 
is available at no cost froa the PTT's gas separation plant.~/ 

The price for Rav Gas I has been calculated on the ratio of the 
price for natural gas (US$13.5/106 lcal) and the beating value of the gas 
(7,697 lcal/la') to be US$ 0.1039095/Ra3. 

The plant capacity was set up according to the available offers fro• 
Caloric and Linde to 8301•3 /hour 100 ' CO-gas. The purity of the 
produced gas is 99.16 per cent CO in the gas. Taking into account the 
formic acid plant needs, 566 la'/hour CO gas, the Co-plant bas about 
40-4S per cent reserve. 

Besides the CO gas product, the plant produces 462 1•3 /bour Ba-rich 
gas containing SS.OS aol 'Bz, and 10.76 aol \CO. This gas will be 
either burned or sold to thP aaaonia plant which is being planned in the 
f raaevort of the fertilizer coaplex. This gas has been assuaed in the 
present calcalation as having zero value. 

Malaysia 

In Malaysia there are several non-conventional sources of ·CO-gas 
(see Annex III). The aost significant source is blast furnace off-gas -
BFO containing 2S.4 aol 'CO, 14 aol 'CC>i, S.5 aol 'lb, 0.7 aol 'Cit, 
the rest being nitrogen in the Kalayawata Steel Coapany in Penang. The 
gas is available in sufficient quantity - 192 X 10' la•/year at a 
pressure of 1.35 bar. The CO froa this gas aay be separated by the 
"Pressure Swing Absorption" consisting of two units where the first 
absorbs COz and tbe second unit ~eparates carbon aonoxide. The plant 
will consume S,650 la3/hour or 45.2 10•1a•/year raw gas. It will produce 
1,000 lm3 /hour 98 per cent CO-gas and 4,650 la3 /h~ur off-gas containing 
aostly nitrogen and COz. Thi• off-gas aay be let out into the ataosphere. 

!/ The COz gas available will be desulpburized in the future. 
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Actually the PSl-plant will act as an antipollution aeasure, since it 
will purify the blast furnace off-gas froa the tozic coaponent. CO-gas. 
Since the BFO is currently let out into the air, it bas been assuaecl that 
it has a zero value. 

The description and cost of the PSl-plant are in lnnez II.1. 

The PSI-separation process bas been given priority over the COSORB 
process because of its siaplicity and ease of operation. The price of 
the produced CO-gas is USS 0.0718C/Ka3 • This is the lowest aaong other 
alternative sites which will be describecl below in Chapter V. 

The lalayawata Steel Co. bas also another source of CO. This is the 
off-gas froa the basic ozygen furnace. However, this off-gas has proved 
to contain less CO than ezpected (8.8 per cent CO against the expected 
60 per cent CO). lost probably the lalayawata Steel Co. does not 
carburate the BOF with butane at all. The coaposition of the off-gas 
(see lnnez III.1) does not allow for econoaical separation of the co. 

C.3 Costs of co aas to the foraic acid plant 

CO-gas will be generated within the preaise of the foraic acid 
plant. The costs of CO-gas consists of (i) cost of natural gas or blast 
furnace off-gas, (ii) utility and energy cost to produce CO-gas. Tlle 
details of variable costs of 1 Ka3 pure CO-gas are shown in lnnez ~-

Carbon aonoxide will be produced by CO:i-reforaing of natural gas by 
the ClLCOR-C process in an independent unit. The coaposition of natural 
gas is as follows: Ci-95.72 aol,, Cz-1.85 aol '· C3-0.02 aol '· 
Oz-0.45 aol '· lz-1.96 aol '· 

The consuaption of natural gas is 600 Ka3/bour which corresponds to 
4,800,000 Na3/year. The price of natural gas is USS 0.1039095/la3. 

Unit Price/unit Consuaption Cost/hour Consumption Cost/year 
(US$) per hour (US$) per year (USS) 

latural gas 
•• 3 0.1039095 600 62.35 C,800,000 498,765 

The CO-gas production is 830 1•3 as 100 per cent. 

In order to produce 10,000 t of 90 per cent pure foraic acid, it 
requires 558 la3 carbon aonoxide. The unit cost for co is US$ 0.138275. 
This unit cost is derived froa calculating the cost of electricity, 
steaa, cooling water, instruaent air and litrogen. The cost of one ton 
of co gas will be US$ 77.1575. 

Carbon aonoxide will be produced f roa the blast furnace of f-ga1 by 
PSA separation in a capacity of 1,000 la3 /bour. The coaposition of the 
aro i1: co - 25.4 aol,, COa - 14 aolt, Ra - 5.5 aol,, CB4 - 0.7aol,, 
la - the rest. 
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Consuaption of the blast furnace off-gas is as follows: 

Unit Price/unit 
(US$) 

Consuaption 
per bour 

Consuaption 
per year 

Blast furnace 
off-gas la3 0 5,650 45.200.000 

In order to produce 10,000 t of 90 per cent pure foraic acid, 
558 Ba3 of carbon aonoxide are required at a cost of US$ 0.07184/Ba3. 
The cost of CO gas tbus will be US$ 40.176/t. 

4.4 Suaaary of all required raw aaterial costs 

Tbe following table shows the raw aaterial costs (USS) for the 
aanufacturing of foraic acid by the aethylforaate process. both in 
Thailand and Kalaysia. It should be noted that, ezcept for carbon 
aonoxide in both cases (Thailand and Kalaysia). the catalyst as well as 
the containers fora a substantial portion of the raw aaterial costs. 

Thailand 

111 S1pplJ!J kit Coas11ptio1 Cost Co1S1aptio1 Cost 
uteri1l soiree Specif ic1tia1 lait cost I t '°' Fl /to• /yHr /feU 

l. 
· CUHI 

IOIOlide L tolic fH ••• 1.1ll275 551 77.1575 5,511,0GO 771,575 
· Htb1ol F!L to1k liqlid t 110 a.om 5.256 2'2 5l.560 
· Cltdyst r solid 19 6 2.5 !L_ 60,000 150,000 

91.7505 97C,1l5 
I. co1t1iaers )02,000 

ftalaysu 

S1pplJ~/ 
111 uterial soiree Specific1tio1 Vait 

lait Coas1aptio1 Cost/t Co1s1aptio1 Cost 
cost per t 9H Fl per yen /year 

I. 
· CUHD 

IOIHide L tOliC gas ••• 0.072 m to.116 5, SI0,000 Hl,760 

· aethnol L to1ic liquid t 200 0.029 5.1 2'2 51.00D 
· catalyst r solid lg 6 2.5 ll_ H,000 150,00D 

H.976 609. 160 
I. contaiaers 302,000 

IJ, !f Ls local 
r s f oreiga 
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The carbon monoxide cost coaprises the cost of the rav aaterials 
(natural gas in the case of Thailand and blast furnace off-gas in the 
case of Balaysia) and utilities. Thus the cost of the utilities needed 
to prodace 1 Irr C()-gas is contained in the carbon monoxide cost. The 
calculation aethod is shown in Annex I. 

ls it cu be gathered from the Annex ·IY. -the cost of natval gas 
aates up more than 50 per cent of the Yariable costs of carbon monoxide 
prod•ction. 

Tile price of raw aaterial and utility for CO-gas produced in Ba Ta 
,.ut. OS$ 0.131215/lla3, is higher than the price of CG-gas produced froa 
the blast furnace off-gas in Balayawata Steel. Penang. Balaysia -
US$ 0.0711CO/lla'. This price does not reflect export of B'2 off-gas. 
since it has wery little iDfl•ence on it. 

C.5 Utilities ud ener11 

'llaailaad (foraic acid plaat) 

fr ice Price/ton 
/unit Consuaption FA (90\) Consuaption 

Local Unit (OS$) per ton US$ per year 

nectricit-r tvh 0.067 260.0 17.C2 2.600,000 
steaa 10-13 bar t 10.7 7.65 81.855 76,500 
•itrogen w 0.37 18.0 6.66 180,000 
Iutruaent air l(al 0.02 11 •. 0 0.36 180,000 
Cooling water a' 0.0227 C68.0 10.6236 C,680,000 
Conclensate 

return •• 1 -0.54 -0.54 -s,coo 

Total cost of utilitie~ per year 116.38 

Pric~ 
/-rear 
(US$) 

llC,200 
118,550 
66,600 
3,600 

196,236 

-5,400 

1.163,800 

Tbe CO-gas plant utilities are contained in the wariable costs of 
the co-gas which is used as raw aaterial for foraic acid. For COllFAI 
calculations, electricit-r and steaa are classified as "EllEIGY" and the 
rest as "UTILITY". 

Tbe total cost of utilities and energy for the foraic acid plant in 
Tbai!aad is US$ 1,164,000 per year. 
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Balatsia (foraic acid plant): 

Price Price/ton Price 
/uit Consuaption fl 90\ Consuaption /year 

Loe: al Unit (USS) per ton USS per ~ar (US$) 

llectricity tn 0.0576 260.0 15 2,600,000 150,000 
Steu 10-13 bar t 12.t 7.65 94.86 76,500 Hl,600 
•itr0tren .3 18.0 180,000 
Instraaent air w 0.01 18.0 0.18 180,000 1,800 
Cooling water as 0.16 C68.0 74.88 t,680,000 7ta,800 
Condensate 

return .3 1.0 -0.5C -0.5C -5,tOO -5.COO 

Total cost of utilities per year I lH.CO I 1.ltc.000 

The total cost of utilities as energy for the foraic acid plant 
aaounts to USS 1,89t,OOO per year. For COIFll calculations, electricity 
and steaa are classified as •Energy• and the rest as •utility•. 

As far as the cost of the utilities of the PSl-plant is concerned, 
these utilities are coaprised in the variable costs of CO-gas. 

Suppliers of raw aaterials and utilities 

111 the raw aaterial is available in the lSEllf region except the 
catalyst which aust be supplied by the licensor. Utilities are of local 
origin. 

C.6 Othvr alternative carbon aonoxide sources in Kalaysia 

Another possibility to produce carbon aonoxide is to use the unshif
te4 slip streaa fro• the ... onia plant of the lSEllf Bintulu Fertilizer 
coaplex. This alternative does not require generating of CO-gas but only 
separating it. The aost appropriate aetbod of separation is using tbe 
COSORB systea of the ITI coapany of Bolland which bas integrated the 
COSOIB plant with an ... onia plant and bas a reference unit in the 
People's Republic of South Korea. ls can be seen in the annexed calcu
lation, even with high prices of cooling water, the COSOIB systea is able 
to produce relatively cheap carbon aonoxide. 

Tbe coaposition of the slip streaa is in Annex III.2. 

lccording to the ITI offer to Cbeaoproject, Prag, lt8C, the inte
grated COSORB plant produces 99 aol ' CO-gas. For 1000 la2/bour CO-gas, 
5,862 la2 /bour unshifted slip streaa are needed. Besides co-gas, the 
COSORB unit returns CStO la'/hour 12-rich gas (71' 82) and 95 ••'/hour 
flash gas (6C.1' 82) to the aaaonia plant. Taking into account the price 
for the return product the COSOR8-a .. onia integrated plant produces quite 
chea1 carbon aonoxide. At USS 0.07986/la', this carbon aonoxide is 
coaparable to the CO-gas produced froa BFO in Malayawata Steel. 
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It sho•l4 be aotect t•at t•is scbeae of procl•ciaf 1000 •a/hour 
CG-gas requires oaly 1 per cot aore fel. 0.7 per cent aore feect tone 
lintal• 1000t/4ay a.aonia plant wit•out sacrificin9 any of its a.aonia 
procluction. Tile carbon 4ioxi4e quantity will be re4uce4 by 2 per cent. 

Sabala Gu Coapaay 

Tile Sabah Gu Coapany las two poss:Ule sources of carbon aoaoxite: 

- Off-gu froa ne •ot briquete4 iron plant (DI-off-gas) wtaic• 
coataias 25.2 aol ' CO an4 is aYail..,le at a pressure of 1.3 bar abs 
(coaposition. see lnnez III.3). 

- Betbanol SJDt•esis gas containin9 21.75 per cent co. a•ailable at a 
pressure of H bars .... •oweYer. owin9 to tbe expansion plans at 
tile •t•aaol plant, tlis gas cmot be ue4 for tbe aanufacture of 
foraic acid. 

Tile DI off-gas contains 3 per cent of aetbane wtaicb is Yery barf! to 
separate froa carbon mite. ftu PS.l alone cannot separate co froa 
tbis feectstoct. It is 11ecessary to coa))ine a siaple PS.l-uit consistin9 
of four absorbers with the Cold-loll. PS.l will separate COz first and 
tben Cold-loz will separate tbe CO 9as. .lnotber possibility is to use 
IE.l-wortin9 for tbe separation of COz and Cold-loz for tbe separation of 
CO. Tlaere is also tbe possibility of usin9 tbe COSOll systea. Prior to 
the separation tbe iron particles aust be separated in ~ aafDetic filter 
and hydrogen sulfide aust be entrapped in an absorber filled with zno. 

In any case. it will not be easy to provide C0-9as froa the RBI 
off-gas. 
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Y. LOCATIOll U1> SITE 

A foraic acid plaat. iacl'1dill9 carlM>a aoaozide plaat aa4 off-site 
facilities. requires aa area of about 2c.aoo.a laad along with full 
sapportill9 illfrutnctve aad utilities (electricity. water. steu. 
etc.). Tbe criteria for selection of ••ch a site are as follows: 

1. Availability aad access to co gas. 
2. Availability of c•eap steaa. electricity. 
3. Access to market ua4 port facilities for export. 
c. Availability of OWD illfrastractves sach as telecomaUDications. 
5. laviroaaeatal protection. 

Iavestigation of tbese eleaeats is to be aade IM>tb ia Tllailaad and 
llalaysia. Ia Ue case of Tbailaad. llall Ta Phut is r~decl aad 
Peaaag for llalaysia. Tbe locatioa aaps are attached as bau Y aad t•e 
corresponding details follow: 

5.1 Tbailaad 

5.1.1 Ila Ta Pbut coaplu 

Tbe Ba Ta Pbut coaplex located west of laJODd (Soutb laster:i sea
IM>ar4) will be the gas-related aa4 heayY indastrial coaplex ser.ed by its 
OWD industrial deep-sea port. Tbe Tbai Goveraaent is providing full 
supportive infrastructure aad utilities along with a waste water 
treataent facility. 

Tbe foraic acid plant aay •ell be located aext to the national fer
tilizer coaplex (JICF), near the petrocheaical coaplex whicb is presently 
being built. Tbe IFC •ill be supplied with aetbaae aad raw gas I aad II 
produced at the near-br gas-separation plaat. lach of these gases can 
serve as raw aaterial for the aaaufacture of CO-gas which is the aain raw 
aaterial. 

Tbe site has a railway, road connexions and easr access to the 
future port. Tbe necessary utilities (water, cooling water, electric 
power) will be available at the site. Steaa aa4 nitrogen aay be supplied 
f rOll the near-by petrocheaical coaplex. 

Land aay be rented for 30 rears at US$1 per aa per rear. In urban 
area supplring aanpower will be erected next to the coaplex. 

Tbe location of the site is illustrated on the attached aaps 
(lDDex V.1 and lDDex V.2). 

5.1.2 Alternative locations in Tb.ailaad 

.lnother alternative location is Loe• Chabang which aight have 
refinery off-gases containing CO. lowever, because of close dishnce to 
the Pathaya resort centre, this location is not recoaaended for sitting 
up a foraic acid plant. 



- JI -

5.2 Kalani• 

Foar sites •awe beea i4eatifiecl for possible foraic aci4 plant 
establis•ect ia Kalarsia ia wie• of t•e awailability of CO gas: 
Kalapwata Steelwork i• Penang. lintal lSllJI Fertilizer coaplex in 
liDtal. Saball Cu ia LalMaan aa4 Perjan Direct leclactioa Steel plant. l 
brief iDYeStigatioa was aa4e oa eac• site. Tile miost iDflaeatial factor 
is t•e cost of CO gas to be geaeratecl. fte coaparatiwe 4escriptioas are 
s'°9a iD the followia~ Table 5.1. 

Table 5.1 s .. ary of locatioas aa4 process saney 

Carbon ll0Doxi4e pro411ction Foni.c acicl 

law Mterial Car boa 
for aoaoxide 

Location carlN>n aoaozi4e process Process 

1. Tbailancl: 
- llala Ta Pbut CILCOl-C Salzgitter 

(eastern sealN>arcl) latural gas ref oraing and IF 
Col4-loz 

2. Balaysia: 
- Balayawaba Steel Co. llast furnace Salzgitter 

Penang off-gas PSl IF 

- Balayawaba Steel Co. lasic oxygen 
Penang furnace not suitable 

off-gas 

- Sabab Gas DI off-gu PSl + Cold Box Salzgitter 
or llEl + Cold Boz IF 

- Sabab Gas Bethanol PSl + Cold Boz Salzgitter 
SJDthesis gas or llEl + Cold lox IF 

- lSllJI Fertilizer baonia plant COSOIB + (llEA) Salzgitter 
lintulu slip streaa IF 

- Perjewa direct steaa ref oraer insufficient data 
reduction iron IH 

5.2.1 lalayawata Steelworks, Penana 

Tb• blast furnace off-gas aYailable at lalayawata Steel Worts con
tains 25 per cent carbon monoxide.~' Tbere is sufficient space next to 
tbe factory to build a foraic acid plant. Tbe site •~• access to tbe 

l/ Vitb today's tecbnolOfJ tbis content of CO is easily reco•erable 
by well known industrial .. tbods. 
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•tilities fraa tH aearby steelworks u4 access to the port. Th~ land 
rents for 5 llal•rsiaa cents/sq foot which corresponds to about 
USS O. 215/.- /year.) 

5.2.2 lintulu lSBlll Fertilizer coaplex, SlalVll 

ftis is uotHr pouiltl• location ltecaue of the presence of aa 
u.oai.a plaat .. icb caa proride aa ushif ted slip streu of the ref oner 
gas. ftis caa sene as source of carlK>n moaoxicte gas. ftere is enough 
a•ailule space ia llo. 6 plot iD4icatect oa tlae attached plant. ftis 
INateriag iastallatioa will be cle•elope4 iato an iaclustrial site in the 
aear f•tve with all aecessary iafrastnctve. fte clistaoce froa the 
--.oaia plaat is about 1 la. fte cost of electricitr aoct water is tbe 
highest aoasr others. 

5.2.3 SUab 1as, LUuo, Sabah 

laotber possibility of location for tbe foraic acid plaat is in tbe 
Saball cas industrial coaplex caaprisillf a aethanol plaat and a lot 
lriquetecl Iron plaat (DI). nae DI off-gas as nll as the aethanol 
syathesis gas aight be suitable sources of C~as. BoweYer, it seeas to 
be difficult to separate as far as co separation is concerned. ften is 
enough space aact all necessary utilities are a•ailable in the plant and 
access to tbe port. The cost of water is lower tban at Biatulu but 
higher than in Peaang. 

5.2.t Perjawa direct reduction steel plant 

ID this plant which is curreatlr idle, there is a free unused 
reforaer which could be adapted to refora natural gas and produce 
reforaecl gas rich in carlK>n aoaoxide. The present reforaer produces 
syngas containing 20 per cent CO. •o otber details are known. 
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YI. PROJECT lllGIJllEIDG 

6.1 Scope of t•e plot 

ls outliaed iD t•e aartet surYey, tbe foraic acid (F.l) plot 
capacity •as been stiPQlatecl at tbe lowest econoaically feasible le•el 
correspondin9 to tbe procluction of 10,000 t/y, 90 per cent foraic acid 
concentration. fte seai-procluct carbon 11e>nozi.de rill be proclucecl at a 
rate of 1,000 Wiilour, 91-99 per cent CO-.as in tbe case of llalaysia od 
1,130 W /hour in the case of ftailod. ftis is about 150-110 per cent 
of t•e necessary quantity. 

Carbon 11e>nozide bas to be proclucecl in larger Yoluaes corresponding 
to at least 130 per cent of F.l-plot capacity because of the possible 
oscillations in the F.l output. fte r ... iaing free capacity is aeant for 
futwre FA-capacity increases. 

fte Fl proctaction progr.... oticipatecl for the first year is 
50 per cent, in the second year 70 per cent od in the third year 100 per 
cent. This sequence corresponds to future aartet deYelopaent od share. 

6.2 Plant configuration 

6.2.1 Flow diaqraaaes The foraic acid plant consists of: 

in Thailand 

1. a carbon aonozide generation plant (the ClLCOR C unit) and the 
CO-separation/purification plant (Cold Box)~ 

2. a foraic acid plant. 

l siaplified flow diagraaae of the whole plant is shoWll in Annex VI.1. 

in Balaysia 

1. a PSl-separation plot 
2. a foraic acid plant. 

Thus, in this case, there is no priaary reforaing. The PSA-unit caters 
both for COz-reaoTal and carbon aonoxide separation. 

l siaplified flow diagraaae of the whole plant is shoWll in Annex VI.2. 

6.2.2 Lay-out 

A. Kanufacture of CO-aas 

Thailand 

AD ezaaple of the lay-out of a CO-plant coaprising the CALCOI C and 
tbe Cold-Box technologies is in Annex VII.1. 

Kalaxsia 

An exaaple of the lay-out of a PSI-plant is in Annex VII.2. 
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8. Banufacture of foraic acid 

l tJPical lay-out of the foraic acid plant using the aethylforaate 
technology is in lD~ex VIII. 

6.3 TechDologY 

6.3.1 roraic acid techDolOIJ 

1'1le following ••in processes to ~anuf acture f or•ic acid are 
aYaila))le: 

6.3.1.1 For•ic acid as by-product froa butane oxidation 

roraic acid is herein a by-product of the •anuf acture of acetic acid 
by oxidation of n-butane. This process cannot be applied because of the 
folllowing reasons: 

(1) there exists a aore econoaical •ethod of producing acetic acid 
- the so-called carbonization of aethanol (llOllSlllTO process); 

(2) the foraic acid by-product is only 0.076 t/t of the produced 
acetic acid. l plant of 130,000 t/y acetic acid would be 
required to produce the necessary 10,000 t/y of for•ic acid. 
The .lSElll region does not have such a high consuapti~n of 
acetic acid. 

6.3.1.2 Formic acid froa sodiua or calciua for•eate 

roraic acid is produced by decoaposing socliua or calciua for•ate 
with sulphuric acid, which in turn are •anufactured by reacting carbon 
•onoxide with sodiua or calciua lye. Kore than 1.35 t sodiua or calciua 
sulphate are obtained per ton of foraic acid. Calciua foraate is also a 
by-product in the aanufacture of Pentaerythritol. This aethod cannot be 
applied because of high prices of sulphuric acid and sodiua lye in 
Kalaysia and Thailand as well as due to the obsolete state of the process. 
This process was once used in Balaysia and was abandoned in 1983 because 
of poor econoay. 

6.3.1.3 For•ic acid froa foraaaide 

Foraic acid is produced by decoaposition of for•aaide with sulphuric 
acid. For one ton of for•ic acid (85 per cent concentration) 1,35 t of 
aaaoniua sulphate are produced. laaoniua sulphate is used as fertilizer. 
roraaaide is produced by reacting CO-gas and aaaonia in the presence of 
aethanol and a sodiua aethoxide catalyat. This process is operational in 
C1echo1lovatia. With a good price of aaaoni~ sulphate, this process aay 
eventually coapete with the aore aodern aethylforaate process. 1 aore 
detailed description of the roraaaide process is in lDnex VIII.1. 

6.3.1.C Ketbylforaate process 

This is a two-step procedure: reaction of •ethanol and carbon aono
xide to fora aetbylforaate, followed by hydrolysis to give foraic acid 
and aethanol which is recycled. The aain raw aaterial is thus carbon 
aonoxide gas and water. This is the aost aodern and econoaical process 
which bas been chosen for the purpose of this study (for details, see 
technical description in Annex VIII.2). 
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6.3.1.5 Selection of foraic acid technl\'"--m 

ls aentionecl above the aanufacturing pr1., ~- -.s of foraic acid based on 
a-butane ozidation cannot be selectecl as a suitable process. The saaple 
applies to the aetbocls basecl on calciua or socliua foraate which have the 
4rawbact that substantial quantities of socliua or calciua sulphate are 
foraecl. Socliua sulphate bas liaitecl use in the cbeaical industry, 
whereas calciua sulphate can hardly be aade use of at all. 

Thus, the only two processes to be chosen froa are the aethylforaate 
process and the foraaaide process. 

The f oraaaide process bas the disadvantage of using sulphuric acid 
and aaaonia which are quite costly in the region. Boreover. substantial 
quantities of aaaoniua sulfate are obtaine-1 (1.3 t per ton of foraic 
acid) as a by-product. Due to the aetbocl of foraation. this aaaoniua 
sulphate is fine-grainecl and has to be recrystallizecl so that it aay aeet 
tbe specifications as a fertilizer. This results in bigb consuaption of 
energy for recrystallizatioa. -

lllother substantial drawback of this aetbocl is the separation of 
aaaoniua sulphate froa foraic acid. This is currently being done in 
distilling druas wbicb cannot be designed larger than 1 drua for 2,500 t/y 
foraic acid. Thus, 10,000 t/y foraic acid have to be designed in four 
lines. This is the weal point of the process. However, it aust be stated 
that atteapts are now being aade to redesign the process in two or one 
line by using the so-called plate evaporator instead of the distilling 
druas. 

Characteristic features of the llF process: 

The aetbylfcraate process stands out for the following reasons: 

- It is a continuous one-line process using as sole raw aaterials 
carbon aonoxide, aetbanol and catalyst; 

- Foraic acid is actua~ly foraed by reaction of carbon aonoxide and 
water, aethanol being only an agent which is recycled; 

- Low consuaptions of raw aaterials and utilities; 

- llaost no wastes or by-proclucts are foraed in the process; 

- There is no need to use sulphuric acid or aaaonia which are costly 
in the region. 

Drawbacks of the 111 process: 

- lecessity to u~e sophisticated construction aaterials lite higb
alloy steels; 

- Requires stilled operators because of coaplicated unit operations. 

However, these probleas have been fully solved nowadays. In view of 
the above, it is concluded that tbe aetbylforaate process is the one to 
be used for aanufacture of foraic acid in Thailand and Kalaysia. 

• 
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6.3.2 Carbon aonoxide technology 

Since CO is the aain raw aaterial. it has to be produced cheaply. 
An outline of the aain processes used in CO aanufacture is explained 
below (aore details are also given in Chapter 4): 

6.3.2.1 leforaing natural gas by COz. using the ClLCOR-C process. 

Basically this process consists in reforaing the hydrocarbons 
contained in natural gas by the COz present in the gas itself and in the 
flue gases froa the firing and subsequent recovery of COz by scrubbing 
with llEl-solution. Rav CO-gas is then concentrated in a Cold-Box unit. 
The process is cheap and has high carbon yield. Thus it bas been chosen 
because of high content of COz as the process to be used for the Kah Ta 
Phut. Thailand latural Gas reforaing. 

The only disadvantage of the process is corrosion caused by the 
decoaposition of aethanolaaine through Oz present in the flue gases. 

6.3.2.2 Separation of CO-gas from off-gases 

Pressure swing absorption 

CO-gas may be recovered from blast furnace off-gases, basic oxygen 
furnace off-gases or direct reduction of iron off-gases by the so-called 
Pressure Swing Absorption process (PSA) which uses aolecular sieves and 
change in pressure to separate CO-gas. The process is fuily automatized 
and alaost barely needs any aaintenance. That is why it vas chosen to 
separate CO-gas from the blast furnace off-gases available at the 
Kalayavata Steel Co. Vorts in Penang, Malaysia. PSA aay also be used to 
separate off-gases from the direct reduction of iron available at the 
Sabah Gas Labuan factory and to separate CO fro• aethanol synthesis gas 
in combination with a cold-box unit at the saae factory. 

Depending on the coaposition of the off-gas, the PSA may be combined 
with other separation processes like Cold-box or KEA-washing. 

6.4 Means of acquisition of the above technologies and licence fees 

6.4.1 Kethylforaate process for foraic acid 

The f oraic acid process know-how and licenc~ ~ould be available fro~ 
the following companies: 

- Kemira Oy, Finland: 

This company has implemented the original patents of the Leonard Co. 
USA, claims to be coapletely independent. Keaira Oy has reference units 
in Finland, the People's Republic of Korea and India. A new 10,000 t/y 
FA plant is being started up at Kujang, Indonesia. It seems th•t the 
company has fully succeeded in overcoming the teething troubles with 
corrosion. 

The Kemira Oy's licencing fee for a plant of 20,000 t/y of 85 per 
cent formic acid was FM 10,324,000 in 1984 (Finnish Marks) which 
corresponds to US$ l,889,292 Clump sum without royalty payments). 
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<>wing to changes in licencing policy due to erection of a second 
10.000 t/y Fl plant in OUlu. leaira Oy aay no longer be willing to 
licence its process. 

Since leaira Oy has aost references on the foraic acid process. her 
consuaption standards were used in calculating the variable costs. 

- Salzgitter Industriebau GmbH. Federal Republic of Geraany 

The Salzgitter group offers the Soviet process (acquired froa 
Licencintorg and developed by the Rational Scientific Research and Design 
Institute of the Chlorine Industry of USSR) along with engineering. 
procureaent and supply of equipaent. The process has been tested out in 
a pilot plant. 1 comaercial plant of 40.000 t/y Fl is presently being 
started up in Saratow, USSR. 

Salzgitter is willing to supply the process and readily supplies any 
data. 111 calculations therefore have been based on the Salzgitter data. 
However, these data have been slightly aodified in order to aate thea 
aore realistic. The aodification were especially based on coaparing with 
other processes. especially the leaira Oy process. 

The licence fee of Salzgitter for Thailand or Balaysia aay aaount to 
US$ 1,634,000, which is a luap sua cost without royalty payaents. This 
fee concerns the 10.000 t/y. Fl-plant capacity. 

- CBEllTECA Banaaeaent Liaited (CllL} US~ 

The CllL is the follower of the Halcon-Scientific Design - Bethlehea 
Steel Group which jointly developed the known aethylf oraiate process for 
the aanufacture of foraic acid. Leonard Co. and leaira Oy have allegedly 
infringed the Halcon-Scientific Design-Bethlehea Steel patents. TBe CllL 
has no reference units, however, the leaira's Oulu plant in Finland and 
the South Korean plant are said to have been supe:vised by Dr. Williaas 
of the CllL group. 

The luap sum licence fee for a 10,000 t!y foraic acid plant is esti
aated at US$ 250,000. This price has been dtrived froa the cuaulative 
price of licence plus basic engineering which aaounts to US$ 750,000. 

- BASF, Federal Republic of Geraanv 

This coapany i1 the biggest producer of f oraic acid according to 
their own process. The total capacity of the two BASF foraic acid plants 
aaounts to 150,000 t/y. The 1aaller plant is said to have been closed, 
the larger plant being operated at 70 per cent capacity. BASF is the 
largest exporter of foraic acid ir the world and also in South-East Asia. 
BASF is not willing to licence its process. 

6.4.2 ~arbon aonoxide aeneration and separation proce11es 

Thailand 

CALCOR-C natural aas C02 ref oraina process and Cold Box separation process 

The owner of the CALCOR-C process is the Caloric Coapany, Fed. Rep. 
of Ger~any. The Cold Box separation process aay be supplied by several 
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coapanies lite Union Carbide, Austria and Linde, Fed. Rep. Geraany. 

The Caloric Co. would require ~ luap-sua licence payment of 
USS 120,000 for the ClLCOR-C process. The Linde Co. would require a 
luap-sua licence fee aaounting to USS 80,000 for the Cold-Box process. 

Malaysia 

PSl separation process 

The so-called polybed separation process suitable for the separation 
of CO froa the BFO is oWDed by Linde of the Fed. Rep. of Geraany and 
Union Carbide, Austria. 

The luap sua licence fee for a capacity of 1,0001•3 /hour 99 per cent 
carbon aonoxide would aaount to US$ 150,000. 

6.5 Equipment 

6.5.1 CO-gas generation and separation/purification eguipaent 

The plants in Thailand and Malaysia substantially differ in the 
CO-gas generation and separation equipaent. In Thailand the CALCOR-C 
reforaer is used for CO generation a~d the Cold Box unit for separation/ 
/purification. 

In Malaysia, only a PSA-unit is needed to separate CO-gas from the 
blast furnace off-gas. 

Thailand 

Table 6.1 The CALCOR-C reformer and Cold-box unit equipment 
(USS 1,000) 

CALCOR-C 

- CO-gas production equipaent~' 
- CO-gas purification equipaent~' 

Total aecbanical equipaent 
Electrical equipaent~ 
Spare parts 
Maintenance costs 3\ of B.L. 

equipaent costs 

Foreign 

2,443 
1,585 

I 4,028 

190 

Local 

262 

128.7 

Total 

4,028 
262 

!/,ii, ll The break-down of equipaent is described in Annex IX.1 • 
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6.C.1.2 Kala1sia 

The PSA-separation plant equip•ent is shown in the following table: 

Table 6.2 PSA-separation plant eguip•ent 
(US$ 10,000) 

Equipment Specification Foreign Local Total 

Co•pressors: 
- feed to COz-absorber piston, 550 IV, Ps = ata. 600 

Pel = 7 bar abs, 

- vacuua puap 

- product coapressor 

Other equipment: 
- COz absorbers 
- CO absorbers 
- product tank 
- buff er tank 
- knock-out drum 

TOTAL 

2,500 Wa3/hour 

roots, 130 kV, 
Pa = 0.2 bar abs 
Pd = 1 bar abs 

3-stage piston, 460 kV 
Ps = 1 bar abs 
Pd = 35 bar abs 

4 pieces 
4 pieces 
1 piece 
1 piece 
1 piece 

410 

1,931 

2,941 

1,176 

1,176 

Spare parts: The PSA plant requires practically no spare parts during 
the lifetiae of the unit. 

Maintenance: The aaintenance cost is very low and amounts to 1 per cent 
of B.L. equipaent cost, that is US$ 42,000/year. 

6.5.2 Foraic acid production equipment 

Since the same technology has been chosen both for Malaysia and 
Thailand, the production equip•ent is also identical. For the purpose of 
this study, it is assuaed that the cost of the equipaent produced locally 
ii the same. 
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Table 6.3 Foraic aci4 equipaent cost (US dollars) 

Equipaent 

1. Foraic aci4 

- apparatus and equipaent 
+ spare parts 

- insulation an4 paints 
- piping 
- electrical parts 
- control an4 instruaents 

Foreign Local 

C,099,3CO 5C7,660 

588,230 
1,76C,700 

117,6CO 
l,76C,700 

Total 

I aachinery and equipaent + 
instruaents (production 
equipaent) 6,470,000 2,C30,000 8,900,000 

- cooling water tower 
- steaa generation 
- chilled water 
- tub 

I off-sites (auxiliary equipaent) 

I total aaebinery equipaent including 

210,000 
353,000 
89,000 

176,000 

828,000 

instruaentation and off-sites 6,470,000 3,258,000 9,728,000 

Spare parts for foraic acid: aaount to about 3\ of B.L. investaent that 
is about USS 300,000/year. 

Maintenance of FA-plant: USS 353,000/year (3.6\ of machinery and equip
aent including off-sites and instrumentation) 

Detailed cost of equipaent is found in A&nex IX.2. 

6.5.3 Procureaent of equipaent 

The necess1ry equipaent is available in Europe, Aaerica, Japan as 
well as in Taiwan, Province of China. Part of the equipaent especially 
steel structures, tanks, sinple vessels, electrical equipaent etc. aay be 
supplied locally. The crucial equipment on which guarantees depend is 
generally selected and supplied by the supplier of the process. Thus, 
the CALCOR-C process equipaent aay be best supplied by the CALORIC Co. of 
Fed. Rep. Geraany. The PSA equipaent aay be alaost integral supply of 
Union Carbide of Austria or Linde of Fed. Rep. of Geraany. The Cold-Box 
unit aay be supplied by a nuaber of coapanies all over the world. 

Because of guarantees and probleas with aaintenanee and corrosion, 
it is necessary that the supply of foraic acid equipaent be closely 
linked with the supplier of the process. In this ease, supply of equip-
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aent aay depend on the selection of the process as •ell as selection of 
the general contractor. If the Soviet process is selected then the 
equipaent will be supplied by Salzgitter lnlagenbau of Fed. Rep. Geraany 
who bas acquired tbe rights to sell tbe process. If the CJIL or leaira 
processes are selected. the equipaent aay be supplied by any renowned 
engineering coapany since these process-owners are open to co-operation 
with any international or local engineering coapany. 

ls far as flexibility of operation is concerned. it is blown tbat 
the foraic acid plant aay be operated at 80 per cent capacity witb 
a.ooo operational hours during a year. Lower production figures are 
obtained by decreasing tbe nuaber of working hours. After successful 
running-in of tb~ plant. the noainal capacity of the foraic acid plant 
aay be intensified by at least 10 per cent. Thus, the foraic acid plant 
will have a productioa flexibility in a range of a,ooc-11.000 t/year. 

The CO-gas plant will be operated according to tbe needs of the 
foraic acid plant. Especially high flexibility of operation shows the 
PSA plant which can be operated between 40 and 100 per cent capacity. 

6.6 Civil engineering worts 

6.6.1 Site preparation and related cost 

The plant will be located in already existing industrial areas, both 
in Thailand and Malaysia. 

Thailand: The construction site is currently being prepaled and will be 
provided with all utility connexions. Electric power and water will be 
provided by the public networks. Steam and eventually condensate and 
refrigeration water will b provided by the nearby petrocheaical complex. 

In Ka Ta Pbut, Thailand, there is a road connexion and railway 
siding being built. Ro site preparation costs are envisaged in the pre
production phase but it will be charged to the p~ant as "rent" and thus 
be reflected in the production costs. 

Malaysia: There are not sufficient data about the Kalayawata Steel Vorks 
available. However, it can be expected that the steelworks will provide 
the necessary utilities. Vater and electricity will be taken fro• the 
public networks. For the same reas~n aentioned above, no site 
preparation costs are envisaged for this case either. 

6.6.2 Civil engineering ~orks 

The unit engineering worts will aainly consist of a foundation for 
cheaical equipaent and a building containing laboratories and offices. 

Manufacture of CO-aas 

Thailand The CO-plant will be located in open air on a foundation 
consisting of driven piles and a reinforced concrete grating finished 
with reinforced concrete slabs on which a steel structure with equipment 
will stand. 

There will be a utility building provided. 
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The foundation for the CO-plant and the utility building will cost 
USS 302,000. The erection costs will be USS 32,000. The erection cost 
is low since part of it is included in foreign equipaent supplies. Both 
are local costs. 

Kala1sia: The PSA-separation plant will be erected in the saae open-air 
aanner aentioned for Thailand. In addition, there will be a saall one
floor control rooa building (10 a z 5 a). 

The foundations with the control rooa building for the PSl plant 
will aaount to USS 300,000 {local currency coaponent). 

The erection wort will cost USS 765,000. The necessary steel 
structures will cost about USS 500,000. Both are local costs. 

Foraic acid plant 

It is supposed that in both Thailand and Kalaysia the civil 
engineering worts will be siailar. 

The civil engineering worts will aainly consist of providing the 
foundations for the foraic acid plant consisting of driven piles and a 
reinforced concrete grating finished with reinforced concrete slabs on 
which the foraic acid structure with equipaent will be located. Thus 
the equipaent will not be covered and will stand in open air. 

There will be a one-storey (two floors) building with spaces for 
laboratories, offices, sanitary installationr. and aaintenance 
(instruaentation, electrical, aechanical). 

The total costs for civil engineering, steel structures and the 
building plus office equipaent will be local and will aaount to 
US$ 2,2670,000. 

The erection wort will be local cost and aaount to US$ 2,100,000. 

6.7 Vaste aaterials and by-products 

6.7.1 Foraic acid process (Thailand and Malaysia) 

The foraic acid process using the aethylforaate technology is actual
ly a non-waste process, since off-gas fro• the aethylforaiate synthesis 
is a by-product which can be burnt as fuel. Recycle condensate is 
recycled into the energ~tic systea. 

Tbe only non-utilizable waste from the f oraic acid production is the 
degraded catalyst which has to be disposed of in a quantity totalling 
36 t/year. The coaposition of the catalyst is a protected property of 
the owner of the process. It may be expected that the degraded catalyst 
will be haraless. 
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6.7.2 Banufacture of CO-gas 

Thailand: 

The ClLCOl-C precess produces 100 tglhour waste water which has to 
be neutralizecl in a saall neutralization station. The cost of this 
neutralization station is inclu4ecl in the l.L. equipaent. The neutral
izecl water will be sent to the nearby biological waste water treataent 
unit planned by the local authorities. 

The Cold-lox unit produces about 462 .. 3 /hour Ba-rich gas (85\ 12). 
This gas will be burnt in a saall vaste gas incinerator includecl in the 
l.L. equipaent. It aay alternatively be sent to the future ..aonia plant 
as a source of hydrogen. 

Bala1sia: 

PSA-unit treating the blast-furnace off-gas (Balagawata Steel, Penanq} 

Froa this unit soae 4,650 .. 3 1hour haraless off-gas per eacb 
1,000 Wa3 lhour of producecl CO-gas (99 per cent) will result. This gas 
has alaost no heating value and contains aostly inert coaponents lite Wz, 
COz and very little oxygen, carbon aonoxide. It will be vented into the 
ataospbere without any treataent. 

Vastes and by-products are suaaarized as follows: 

A. Foraic acid 

The following wastes are expected f roa the f oraic acid plant both in 
Thailand and Kalaysia. 

1.1 Utilisable waste 

- off-gas froa aethylforaate synthesis with a 
calorific value between 1.5 and 11 KJl.Ka3 

will be used as fuel gas 

1.2 Recycled condensate froa steaa condensation 

with 77' recycle the quantity of condensate is 
- a part will be used as reaction water for 

aetbylf oraiate hydrolysis 
- to be returned into the energetic system 

1.3 lon-utilisable waste 

degraded catalyst 

to be disposed of in a deponie 

Quantity 

1,755 GJlt 

250 N3lt 

2.4 tit 

0.4 tit 
2 tit 

3.6 tg/t 

• 
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I. CO-aas preparation Quantity 

1. Thailand. ClLCOl-C reforaina and Cold-lox separation unit 

- Liauid waste 
Waste water aax. teap. 70 per cent 
to neutralization 

- Gaseous waste 
Ba-gas (15' aol. •a> 
to waste gas iaciaerator 

2. llala1sia 

The PSA-separation unit 

- off-gas containing inert coapounds <• . COz • Oz 
and traces of CO) 

100 kg/hour 

462 b3/Jlour 

t.650 b3/Jlour 
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'fII. 

7.1 Oraanizational structure 

Thailand: The organizational structure of the Ka Ta Phut foraic 
acid factory is proposed in IDDex 1.1. 

KalaJSia: The organizational structure of the lalayawata foraic 
acid factory is proposed in IDDex 1.2. 

7.2 OYerhead costs 

Tile overhead costs are twofolds: (l) factory overheads. (2) 
aclainistrative overheads. 

7.2.1 Factory overheads. Those to t.e considered in this chapter 
are aaintenance and rent costs only. 

aepair and aaintenance 

It has t.een assuaed that they are not totally fixed. Particularly 
in the first two years ot operation. the aaintnance costs are lower than 
those of the full production years. 

Thailand: Fl plant: Because of high corrosion. aaintenance costs 
aate up 3.6 per cent of aachinery and equipaent 
including off-sites and instruaentation and 
aaount to US$ 353,000/year. 

CO plant: laintenance costs aate up 3 per cent of battery
liait costs and aaount to US$ 128,700/year (due 
to high corrosion). 

The total aaintenance and repair costs aaount to USS C82.000/year. 

lalaysia: Fl plant: laintenance and repair costs aaount to 
USS 353,000/year. 

PSl-separation plant: Kaintenance costs aate up 1 per cent of B.L. equip
aent costs, that is USS t2.600/year. 

The total aaintenance and repair costs aaount to US$ 396,000/year. 

7.2.2 ldainistration overhead 

7.2.2.1 General 

These overhead costs include coaaunication, office supplies, etc. 
and are calculated as 10 per cent of wag•s of adainistrative labour, i.e. 
USS C,000/year for Thailand and USS C,500/year for Malaysia. 

7.2.2.2 Insurance on property 

Insurances have been calculated at the rate of 0.35 ~r cent of 
total battery-liait equipaent and at the rate of O.lCS per cent of the 
building value. 
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Thailand: The insurance cost on equipaent is USS C9.000/year 
(corresponding to USS 1c.020.ooo of equipment 
•alue). 

The insurance cost on buildings is USS C.700/year 
(corresponding to USS 1.2c2.ooo of building 
•alue). 

Total insurance cost USS 53.700/year 

lalaysia: The insurance cost on equipaent is USS Cl.500/year 
(corresponding to USS 13,ICS.OOO of equipment 
•alue). 

The insurance cost on buildings is USS C.700/year 
(corresponding to USS 1.2c2.ooo of building 
•alue). 

Total insurance cost USS 53,200/year 

7.2.2.3 lents1 / The plant will be located in a selected industrial 
zone or estate which will provide production and office preaises on a 
rental basis. The rent differs froa region to region. 

Thailand: The factory will pay USS 1/a2/year rent to the industrial 
estate authority, which aaounts to USS 24.000/year. 

Kalaysia: The factory will pay USS 0.215/aZ/year (correspnding to 
cK5/sq. foot) rent to the industrial estate authority. This aaounts to 
USS 5.160/year • 

!/ For COKFAR calculations, this cost is included in factory cost 
since the factory preai1e1 are auch larger than the office preai1e1. 
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VIII. IWIPOVD 

1.1 Factory an4 adainistrati•e la))our 

8.1.1 Foraic acid plant: Since the saae foraic acid process bas 
been chosen for both Thailand and lalaysia, the saae ca.position of staff 
is proposed. 

Tbe plant will be operated in four shifts. Tbe following factory 
labour and adainistrati•e staff are anticipated: 

LaJ>our Le•el ldainistrati•e Level 

1 clrher seai-stillecl 1 general aanager stillecl 
C packaging operators us tilled 1 accoutant still eel 
C operators in plant stilled 2 aarteting ezecutives still eel 
C control-rooa 2 secretaries still eel 

operators stilled 
2 aaintenance engineers stilled 
1 technician (R+D) stilled 
C sbif t aanagers stilled 

Total 20 Total 6 

There will be a total of 21 stilled, one seai-skilled and four 
ustillecl eaployees required. Tbe outline of responsibilities and 
required qualifications for each post is sbovn as Annex XI. 

Labour costs: Labour costs have been calculated according to the current 
salary levels in Thailand and Kalaysia (for calculation, see lDDex XII). 

Thailand: Factory labour USS 72,000/year 
Adainistrative staff USS 39,UO/year 

Total USS 111,720/year 

lalaxsia: Factory labour USS 124,000/year 
Adainistrative staff USS 45.000/year 

Total USS 169,700/year 

8.1.2 carbon aonoxide production 

CO production differs in both countries. 
consists of the ClLCOR and Cold-Box processes. 
separation plant is sufficient. 

In Thailand the CO-plant 
In lalaysia the PSA-

• 
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Thailand: (CU.COi + Cole! lox) 

These plants will be operated in four shift operations with the 
following labour: 

Factory labour 

1 plant aanager 
C shift operators 

Lenl 

stilled 
stilled 

Total 

Costs (USS/year) 

1.200 
19.200 
26,COO 

The a41linistrati•e staff will be shared with the foraic acicl plant. 

Balayawata Steel Co., Penana, Balaysia (PSI-separation): 

The PSl-plant is coapletely autoaatic and will not require any 
labour. It will be controlled froa the foraic acid control rooa. It 
will be staffed by the a41linistrative staff of foraic acicl. ls to 
aaintenance, it will require 0.1 aan/aonth. This will be covered by the 
foraic acicl aaintenance labour. 

8.2 Traj!'ing 

8.i.1 roraic acid trainina reguireaents 

Because of the saae process to be used, the saae training is en•isa
ged both for Thailand and Balaysia. Owing to the coaplexity of the plant 
and aaintenance, the following training is envisaged: 

- practical in-plant training during the construction period for all 
labou= except packaging operators and driver; 

- theoretical trainina and schooling of all labour except driver and 
packaging operators. in total 15 persons, during a period of four 
weeks, in foraic acid cheaistry and plant operation on the aodel by 
skilled tutors froa the licensor. The licensor will prepare training 
aanuals beforehand. 

- a three-week practical training at a reference unit of the licensor 
for a tea• of four persons: 

- 2 shift engineers 
- 2 aaintenance engineers Caechanical and instruaentation) 

8.2.2 Carbon aonoxide production training requireaents 

Thailand (CALCOR + Cold Box) 

The four shift operators as veil as the plant director will undergo 
a theoretical and practical on-site training during the construction and 
test operation phases of the plant. 

The cost of training is thus inclded in the supervision cost as 
explained in chapter IX (under IX.2). 
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!Yen if the PSl-plant does not require any operational staff. since 
it operates coapletely autoaatically, two aen of the licencee staff will 
be trained during two weets in the following operations: 

- filling of the absorbent (technician of foraic acid) 
- control equipaent operation and repair (aaintenance labour 

of f oraic acid) 

This training will be perforaed during co .. issioning of the plant. 

8.2.3 Cost of trainina 

The costs of training were taten fro• relevant offers: 

- Foraic acid (saae for Thailand and Malaysia): 
US$ 118,000 (ref. 9.2.1 and 9.2.2) 

- ClLCOR and Cold Box (Thailand) (included in licence fee) (ref. 9.2.1) 
- PSA-separation plant (Malaysia) US$ 36,000 (ref. 9.2.2) 

8.3 Expatriates 

A. Foraic acid plant (saae for Thailand and Malaysia) 
The assistance of the following expatriates will be needed: 

Phase 

Erection 
Pre-coaaissioning 
Coamissioning 
Start-up 

One-year of production 

Function 

1 installation supervisor 
2 expatriates 
2 expatriates 
1 start-up manager 
2 process engineers 
2 operators 
1 aaintenance engineer 
1 expatriate 

Duration 
(days) 

45 
2 x 30 
2 x 30 

45 
2 x 30 
2 x 30 

30 
364 

The total cost for expatriates except for the assistance during the 
first year of production is included in the services, under supervision 
of erection and start-up, and aaounts to US$ 765,000 (ref. 9.2.1). 
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B. CarboLaonoxicle procluction 

Thailancl (ClLCOR-C + Colcl Box): The following supervision is neeclecl: 

Phase 

Erection 
Pre-comaissioning 
Couissioning 
Start-up 

Function 

1 erection supervisor 
2 expatriates 
2 expatriates 
4 expatriates 

Duration 
(clays) 

75 
2 x 30 
2 x 30 
.. x 30 

The total cost of supervision is USS 457,000 ancl is included in the 
services (ref. 9.2.1). 

Balaysia (PSA-separation unit) 

The following services of expatriates are needed: 

Phase 

Erection superv1s1on 
plus adsorbent filling 

instru~e~ta~io~ and] 
pre-cou1ss1on1ng 
couissioning 

Function 

1 erection supe~visor 

1 supervisor 

Duration 
{days) 

21 

35 

The total costs are USS 72,500, half of which is charged for training. 
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IX. PROJECT IllPLlllDTlTIOlf lJIJ> SCBEDULIKG 

9.1 Japleaentation scheduling 

<>wing to the coaplexity of the foraic acid plant as well as that of 
the ClLCOR COa-reforaing plant or the COSORB and Pressure Swing Absorption 
plant, soae 33 aonths will be needed after contracting. This period will 
be preceeded by at least two years of negotiations and contracting. 
During the construction and testing period, a project iapleaentation teaa 
will be s~t up. lt will fora a tast force for pre-production and aost 
likely becoae the core staff of the foraic acid plant after the launching 
of operations. 

This teaa will consist of the following: 

Salary in US$ 

Functions 

2 process engineers 
1 civil engineer 
1 accountant 
1 instruaentation engineer 
1 adainistrator 
1 aarteting executive 
1 staff recruitor 
1 group leader 

Thailand 
Kon th Year 

800 9,200 
400 4,800 
400 4,800 
400 4,800 
100 1,200 
320 3,840 
320 3,840 
600 i...= )0 

39,360 

Jlalaysia 
llonth Year 

1,100 
550 
500 
550 
200 

1,250 
400 

1,20G 

13,200 
6,600 
6,000 
6,6~0 

2,400 
15,000 

8,800 
14,400 
73. 000 

These costs will occur in the second, third, fourth and fifth 
half-years acc~rding to the following pattern: 

1st year 2nd year 3rd year 

half-year 1st 2nd 3rd 4th 5th 6th 

Thailand 0 20 20 20 20 0 

Malaysia 0 36.5 36.5 36.5 36.5 0 

A typical ia~leaentation 1chedule for foraic acid is 1hown in the 
following table: 
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9.2 Pre-production expenditures (US thousand dollars) 

111 pre-production custs, except direct equipaent and aachinery 
costs for the CO-gas generating plant and formic acid plant (in Thailand) 
as well as for the PSl-separation plant and foraic acid plant are listed 
in the lol!owing tables. 

9.2.1 Thailand 

CO-aas plant 
- spare parts 
- civil engineering aaterials 
- direct labour costs:. erection 

• civil engineering works 
- ocean freight, insurance, handling 

Indirect field expenses 
- special site facilities 
- field off ice expenses 
- insurance and aiscellaneous 

Services 
- licence fee 
- basic engineering 
- detailed engineering 
- supervision of general contractor 
- vendors supervision 
- procurement 

I CO-gas plant pre-production costs 

US$ 1,000 
Foreign Local 

190 
211 

32 
91 

103 

included in Fl plant 
included in Fl plant 

318 36 

200 
377 
969 

65 
457 
242 

I: 2,818 

33 

t 506 

Note: This table corresponds to an actual offer. The erection costs 
are too low, since part of it is included in aecbanical equipment. 

• 



Foraic acid plant 
- spare parts 
- steel structures 
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- civil engineering + structures + 
office building and furniture 

- travel :osts 
- erection costs 
- ocean freight, insurance. local handling 

Indirect field expenses 
- special site facilities 
- field off ice expenses 
- insurance 

Services 
- licence fee 
- basic engineering 
- detailed engineering and docuaentation 
- procureaent 
- training 
- supervision of erection (32 aan/aonth) 
- start-up (18 aan/aonth} 

t Foraic acid plant pre-production costs 

CO-plant 
FA-plant 

Total pre-production costs 
for CO plant and FA plant 

USS 1,000 
Foreign Local 

included in equipaent 
753 

130 

1,634 
1,353 
1,700 

300 
118 
471 
294 

I 6,000 

2,670 
70 

2.100 
150 

200 
300 
so 

t 6,293 

USS 1,000 
Foreign Local 

2,818 
6,000 

8,818 

506 
6,293 

6,799 
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9.2.2 Jlalaysia 

Pre-production expenditures for the PSA plant 

PSA-plant 
- spare parts 
- steel structures 
- civil engineering aaterials and 

wort (foundations + control rooa building) 
- travel costs 
- erection 
- ocean freight, insurance, local handling 

Indirect field expenses 
- special site facilities 
- field off ice expenses 
- insurance 

Services 
- licence fee 
- absorbent filling 
- basic engineering 
- detailed engineering 
- procureaent 
- supervision, start-up, training 

contingency for aiscellaneous local services 

Pre-production expenditures 

!/ PSA plant does not need any spare parts. 

Pre-production cost for the foraic acid plant 

US$ 1,000 
Foreign Local 

0~1 

30C 

150 
lH 
288 
800 

82 
73 

1,837 

0 
soo 

300 
so 

765 
100 

100 
200 

38 

300 

2,353 

The pre-production costs for the foraic acid plant in Malaysia are 
the saae as for Thailand, thus: 

Pre-production costs for the foraic acid plant 

Total pre-production costs 
for CO plant and FA plant 

US$ 1,000 
Foreign Local 

6,000 6,293 

7,837 8,646 

• 
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I. FDDCilL EVlLUlTIOll 

10.1 Basic assuaption 

The financial analysis bas been carried out using tbe UJIIDO Coaputer 
Boclel for Feasibility Study and Reporting {COllFOR) and tbe result of tbis 
aoclel is gi•en in lllnez XIII of tbis report. 

10.1.1 Currenc:;y and ezcbanae rate 

111 the figures are con•erted into US dollars in order to coapare 
two alternatives {Balaysia and Thailand) in a standardized aanner. The 
exchange rate used for tbat purpose is 25 BB = USS 1.00 and 2.5 Balaysian 
Ringgit = USS 1.00. 

10.1.2 Project lifetiae 

The project is evaluated over a periocl of 18 years, tbe first 2K years 
being the pre-procluction period followed by 15 years of production. 

10.1.3 Depreciation 

The saae depreciation aetbocl is applied for Thailand and Balaysia, 
i.e. straight line. for both aachinery and buildings, 20 years for 
buildings and 12 years for aacbinery and equipaent with 10 per cent of 
salvage value. 

10.1.4 Corporate tax 

Fourty per cent of corporate {incoae) tax is applied for both 
Kalaysia and Thailand. 

10.1.5 Source of financing 

At this stage, no decision has been taken with regard to the capital 
budgeting. The basic assuaption is to finance the foreign equipaent and 
pre-production capital expenditure fro• foreign lo~ns, the local equipaent 
by a local loan, and the local civil engineering and pre-production 
capital expenditure froa local equity. Since the project will obtain 
foreign equity because of AIJV status, it is assuaed that 20 per cent of 
equity foras the f.oreign coaponent. This portion can finance part of the 
foreign pre-production ~apital expenditure, aainly interests incurred 
during the pN-productit·n phase. COllFAR autoaatically calculates its 
financial charges during the pre-production phase. 

The equity/loan co~posite (USS 1,000) is as follows: 

Equity .-hare 
Loan coaposite 

Equity 

Thailand 

8,598 
22.838 

31,'36 

Thailand: 6,878.4 
Malaysia: 1,719.6 

Kalavsia 

10,907.5 
21.682 

32,589.5 

Malaysia: 8, 726 
Thailand: 2,181.5 
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10.1.6 Loan conditions 

Seven per cent of the interest rate is applied to the foreigu long
tera loan, since this would be soaewbat close to the avera1e of the long
tera soft loan-interest rates granted by Japanese financial institutions 
such as OECF, the EXIK bank and the Vorld Bank. An interest of 11.5 per 
cent is applied to the local loan in Thailand and 10 per cent for 
Kalaysia, following the guidelines of local banks in each country. 

It bas been foreseen that the project aay not generate sufficient 
cash in-flow to repay the principal in the early stage of the operational 
phase. Therefore, the aaortisation period for the foreigu long-tera loan 
is assuaed as 25 years and a 10-rear grace period. 

For the local loan, the conditions prevailing in Balarsia and 
Thailand are applied. i.e. 10-year aaortization period with a 2-year 
grace period and the saae aaortization period with a 3-rear grace period 
respectively. 

10.1.7 Vorkina capital requireaent 

The required working capital is calculated on the basis of the 
ainiaua coverage of clays for current assets and liabilities. The 
following days of coverage are assuaed: 

Current assets 

Account receivables 
Cash in band 
Rav aaterial (catalyst) 
r~ner input (container) 
Spare parts 
Finished products 

Current liability 

Account payable 

Foreign Local 

15 90 
15 15 

120 
60 

360 
30 30 

15 30 

It should be noted that, since co gas is generated internally and 
will not be considered an inventory itea. it has not been included in 
this calculation. COKFAR autoaatically proportions the foreign and local 
aission days of coverage in teras of values. 

At the full production stage, the level of working capital, 
USS 1,578,000 for Thailand and USS 1,368,588 for Kalaysia is required. 
The dif f erenee steas aainly f roa the full one-year spare-parts require
aent, i.e. USS C90,000 for Thailand and USS 300,000 for Kalaysia, due to 
different CO-gas separation technologies applicable in each ca=e 
(ref. COllFAR print-out, Annex XIII.1.1 and XIII 1.2). 

10.2 Total initial investaent (ref. COllFAR print-out Annex XIII.2.1) 

Thailand 

The total initial investaent is USS 29,717,000 consisting of 
USS 20,819,000 of fixed investaent coaprising US$ 6,799,000 on building 

• 

.. 
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and US$ 14,020,000 for equipaent and aachinery. Pre-proclaction capital 
expenditures aaount to USS 8,898.000. In addition. USS 2,519.390 is 
required to pay interest during the pre-procluction phase • 

lalauia 

The total initial inwestaent is USS 30,47C.OOO consisting of 
US$ 22.C91,000 of fixed iDYestaent coaprising USS 8.6C6,000 OD building 
for foraic acid and CG-gas separation plant and US$ 13,845,000 on plant. 
aachinery and equipaent. Pre-production capital expenditures aaount to 
USS 7,983,000 including licencing, training. pre-procluction costs etc. 
In addition. the interest during tbe pre-procluction phase aaounts to 
US$ 2,367,6'0. 

10.3 Project financina (ref. COllFlR printout lnnez XIII.3.1 and XIII.3.2) 

In order to aeet the inwestaent costs plus interest during tbe pre
production phase (2.5 years). a total of USS 32,236,000 and USS 32,841.000 
is required for Thailand and lalaysia respectiwely • 

.lssuaing that tbe abowe-aentioned capital structure finances this 
project, this initial source of funds does not cower the entire expendi
ture during the pre-production phase. lD additional bank owerdraft of 
USS 800,390 and US$ 252,141 are required for Thailand and lalaysia 
respectiwely. During the production phase. due to shortage of cash-in 
flow, the following aaount of bant owerdraft (US dollars) will be 
required: 

Jlalaysia 

Thailand 

1992 

1.626 

2,376 

1993 

660 

832 392 87 46 6 

According to the cash-flow of Case I (producing in Thailand), the 
repayaent of the principal aay not be possible before the year 2004. 
Otherwise, additional bank owerdraft will be needed in the years 2001 to 
2003. Wo bank overdraft is required fro• the full production year for 
Case II (producing in Jlalaysia). 

10.4 Total production cost (ref. COMFlR print-out Annex XIII.4.1 and 
XIII.4.2) 

The total production cost (1994, the first full year of production) 
apparent in COllFlR schedule is suaaarized as follows: 
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Tbailn4 Balatsia 

fi~ •uiule fixed wariable 

ractoq costs ISJ 2.612 621.2 2,95C 

other costs 
- ldainistration 97.l 605.15 102.5 361.2 
- Sales proaotion ancl 

4istribatioa costs (freight) 

Depreciation l,962 1,911 

Financial charges lLl5! 1.606 

__ ..:,i4c..;~6,_0~9~-l~--..::3a•..:2.:..17:..:•:.::1=5C = ...... • :S.._2'"""C..._. 7...._-"'3'-" • ...-3=22=·;..=:.2 

Total 7,957 7,H7 

The breatdovn of the factory cost is sho1fll below (US$ 1,000): 

law aaterial (l)(CO gas and cataltsts) 
Containers 
Utility ancl energy 
Direct labour 
Repairs and aaintenance 
Spares 
lent 

case I 

fhailancl 

975 
302 

1,16' 
98 

•82 
'90 

--li 
3,535 

Case II 

llalaysia 

610 
302 

1,8H 
125 
396 
300 

5.2 

3,582.2 

There are differences between the t•o cases on each itea but the total 
factory costs for both cases are ao~e or less the saae. The cost of co 
gas in Thailand is bigber tban in K-ltysil while tbe cost of steaa 
(utility and energy) in llalaysia is •uch bigber than in Thailand. This 
high-utility cost in llalaysia offsttf the cost adwantage of CO gas, 
repairs/spare parts and the rent. 'l'Jius, tbe aajor difference in 
production costs ste•s froa freight costs and sales proaotion costs. The 
aartet size in Thailand is about half that of Kalaysia and the aarteting 
exercise •ay require bigber sales pro,otioo costs in Thailand. 

• 
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10.5 Financial evaluation (ref. COllFll print-out lnnex XIII.5.1 and 
XIII.5.2) 

10.5.1 Cash flow 

Thailand 

Tbe c:aaulate4 cash balances are negative throagtaout. lepa19ent of 
foreign loan starting in 2001 cannot be aade without esployi.ng a bant 
overclraft. Tbis indicates that a longer grace periocl aay have to be 
secured. Tbe cash surplus appears only in the 6th year of operation. As 
showa in the al»oYe project financing, the project should use bank over
clraft during the first six years of deficit. The payback periocl is not 
found. Tbe cash-flow table is showa in the COllFll print-out (lnnex 
XIII.5.1). 

Bala1sia 

The c:aaulate4 cash balance will becoae positive in the 7th year of 
operation. lepayaent of foreign loan can be aade as scheduled. while 
repayaents of local loan starting in the second year of operation would 
have to be aade by short-tera bant overdraft or def erred till the third 
year of operation. The first two years of operation also need 
US$ 1,625,748 and US$ 659,760 of bank overclraft respectively. The 
project ~an only pay back all the initial investaent in the 13th year. 
The cash flow table is showa in the COllFll print-out (Annex XIII.5.2). 

10.5.2 •et incoae stateaent 

Thailand 

The net incoae stateaent (ref. COllFll print-out Annex XIII 6.1 and 
XIII 6.2) shows losses throughout. Alone the non-variable costs including 
depreciation alaost off set the variable aargins in tbe third year of 
operation (1994). 

Malaysia 

The project only starts generating prof it f roa the 13th year after 
full depreciation. The cost of finance is auch greater than the opera
tional aargin. If the loan is reduced by one-third and the interest rate 
of foreign loan to 2.5 or 3 per cent. the net ineoae stateaent will show 
a profit even after the 3rd year. 

The suaaary of the net ineoae status in the third year of operation 
for both Malaysia and Thailand is shown below: 
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Thailand lldaysia 

Total sales 6,262 6,672 
Variable cost 3,330 3,322 

Variable aargin 2.932 3,350 

•on-variable costs 
(including depreciation) 2,913 2, 719 

Operational aargin 20 631 

Financial charges l,757 1,606 

Gross profit (loss) (1, 737) 975) 

10.5.3 Break-even anal1sis 

As shown in the chart below, the break-even point is not found in 
either case for the third year (full production). 

Thailand 

USSl,000 

7,999 

6,262 

4, 670 ~-----"'---=-'--

' c•ar9ea 
I 

2, 913 ~--"'------' 
flsed cost • dep. 

I 
I 

• 
I 

llalaysia 

7,647 

6,672 

4, 325 ~-----"'-----!.' 
I 

c•arves 
I 

2, 719 __ ....,..:....._ ____ .:...• -
CGSt f dep. 

I 

' 

10,010 t 15,992 t. 10,000 t 12.916 t 

~t 10,000 t, loss= J,737 at 10,000 t, loss = 975 

Break-even point = 15,992 t/y Break-even point = 12,910 
t/y. 

10.5.4 let present value and IRR 

Thailand The net present value of the project at 12 per cent discount 
rate is USS 16,563,880 and IRR, 0.87 per cent. 

Malaysia The net present value of the project at 15 per cent discount 
rate is USS 15,743,320 and IRR, 3.04 per cent. 

The sensitivity of IRR is shown in the chart (Annex XIII.7.1 and 
XIII.7.2). The sales price is the •ost sensitive one, followed by 
operating costs and initial investaent in that order. 

• 
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10.5.5 Debt-service ratio 

The value of debt service ratio is shown below and the charts are 
attached as Annex XIII.9.1 and Annex XIII.9.2. Both cases (Malaysia and 
Thailand) show unfavourable ratio. i.e. never reach the ainiaua 
acceptable level of 1.S. 
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10.6 Sensitivity analysis 

The base versions show negative financial i•plications for both 
cases. In order to investigate the possibilities in financial indicators. 
the •ajor areas on which the sensitivity analysis will focus are: 
(1) lower initial invest•ent costs. (2) higher sales price, (3) reduced 
•ariable costs. In addition, collbination of the above three are also 
looted into in this section. 

Sensitivity Analysis I: Higher sales price 
(ref. Summary sheet of COllFAR. Annex XIII.9.1 and XIII.9.2). 

The following sales prices are applied for the sensitivy analysis: 

Case I Export to Balaysia and others 
Do•estic to Thailand 

Case II Export to Thailand and others 
Do•estic to Malaysia 

(US$/t) 
817 
667 

755 
816 

ls shown in Chapter III. the original prices were set up according 
to present co•petitive prices without lifting up the tariff. However. 
the prices quoted today in the ASEAN region are lower than those in 
Europe, the U.S.A. and Japan. The prices •ay be considered as "unreal
istically low". The tariff protection aay be justified for that. It 
should be noted. however. that this increase in sales price •ay have a 
significant negative i•pact on the rubber industries. 

Thailand Malaysia 

IRR 4.2, 6.38\ 

The above would not •ake a significant iapact to prove the project as 
financially profitable. However. as shown in the sensitivity of IRR 
chart (Annex XIII.7.1 and XIII.7.2). the sales price is the aost sensitive 
variable that influences IRR among other variables such as initial 
investment costs and operating costs. 

• 

• 
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Sensitivity 1Dal1sis II: Initial i~vestaent at 20 per cent lower than the 
base assuaption 
(ref. Suaaary Sheet of COJIFAR Annex XIII.10.1 and XIII.10.2) 

Cost estiaations on foreign equipaent and pre-production expenditure 
(aainly licencing. training etc.) are calculated on tbe basis of offers 
obtained through suppliers. These are preliainary offers and tend to be 
higher than actual ones. When De9otiations coae, the actual costs aay be 
lowered to 80 per cent. Furtheraore, it is assuaed that costs for civil 
engineering wort with a local contractor could be reduced to 80 per cent 
through negotiations. 

Thailand Balaysia 

IRR 5.09, 

This reduction of initial investaent alone does not aate a 
significant iaproveaent in the financial indicators. 

Sensitivity lDalysis III: Reduced variable costs 
(ref. Suaaary sheet of COllFAR Annex XIII.11.1 and XIII.11.2). 

Co-gas generating costs, utility/energy costs and sales proaotion 
were estiaated at a relatively high level. Particularly, costs of steaa, 
water, electricity were estimated on the basis of standard costs 
published by the authorities. In fact, these ucit costs are negotiable 
with local authorities during finalization of contractual arrangeaent. 
In addition, aaintenance costs (50 per cent variable) and sales proaotion 
costs also could be reduced to 80 per cent if the plant can be run 
effectively. The result is: 

Thailand Malaysia 

IRR 3.06\ 5.07\ 
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Sensitivity lnalvsis IV: Combination of the three parameter changes 
(higher sales price, lower initial investaent, and lower production 
costs) 
(ref. COllFlR Suaaary Sheet, Annex llil.12.1and1111.12.2). 

This sensitivity analysis investigates the results of three different 
paraaeter changes combined into one. It would require careful negotia
tions with suppliers of various equipment and contractors for civil 
engineering as well as Governaent support for higher tariff on iaported 
foraic acid. This assuaption does not seea so unrealistic and could be 
used as future follow-up guidelines. For this reason, an overall 
financial analysis is given below. 

Total initial inve~taent (USS thousand) 

Thailand llalaysia 

Total initial investaent 23,790 24,26~.40 
Interests during 

pre-production period 2,005 1,891.42 

25,795 26,299.82 

Source of finance 

Equity 6,799 8,745 
Foreign loan 15,445 13,798 
Local loan 2,816 3,546 
Bank overdraft 735 210.82 

Total 25,795 26,299.82 

Additional financing during production phase 

Additional USS 1,130,920 and USS 334,166 will be required for the 
first year of operation in Cases I and II respectively. 

Total production costs 

Total production costs in the third year Cful production year) are 
shown below: 

Thailand KalaYBia 
fixed variable fixed variable 

Factory costs 805 2,206 589 2,424 

Other costs - ld•inistration 98 102 
- Sales pro•otion 

and freight costs 539 341 

Depreciation 1,5'70 1,592 
Fin•r.cial charges 1,404 1.285 

3,877 2,745 3,568 2,765 

• 
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Cash flow 

Thailand 

The cumulated cash balance will becoae positive in the third year of 
operation. The project pay back period is in the 9th year. The bank 
overdraft, US$ l,156,119 is only needed in the first year. Repayaent of 
the foreign loan can be advanced in order to reduce financial charges. 

Malaysia 

The cuaulated cash balance will becoae positive in the second year 
of operation. The project's payback period is in the 8th year of opera
tion. The bank overdraft, US$ 334,166 is only needed in the first year. 
Repayaent of the foreign loan can be advanced even over to the 3rd year 
of operation. 

Net incoae stateaent 

A suaaary of the incoae statement in the third year is shown below: 

Thailand llalavsia 

Total sales 7,195 7,794 
Variable costs 2,787 2,764 

Variable margins 4,408 5,030 
Non-var~able costs 

(including depreciation) 2,473 2,283 
Operational aarain 1,935 2.746 

Financial charges 1,405 1,285 

Gross profit 530 1,461 

The variable aargins (contribution) j~ the third year are approxim
ately .15 per cent of fixed costs in Thailand, and 140 per cent in 
Malaysia. This ratio does not ensure an easy profit-aaking operation in 
either case. 

Break-even point 

The following break-even point is found in both cases: 



Thailand 
U$Sl,OOO 

7,195 

6,665 

I 

I 
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7,794 

6,332 

lfalaysia 

3. 568 -----.,"""--:,,._-...., _____ j 
1 2,473 2,283 - - - - - - - - - - - -: 

lacl. llep. I lacl~ dep .. I 
I 
I I r 

1,797 t 10,000 t. 7 ,095 t 10,000 t. 

at 10,000 t, profit = US$ 530,000 at 10,000 t. profit = USS 1,461,000. 

Break-even point = 8,797 t/y Break-even point = 7,093 t/y. 

Both break-even points are relatively high, i.e. 87 per cent and 
70 per cent of full capacity in Thailand and lfalaysia respectively. 

Net present value and IRR 

Thailand 

NPV with 12 per cent of cut-off rate: USS -5,359,620 
IRR 7.95\ 

Malaysia 

NPV with 15 per cent of cut-otf rate: USS -6,502,320 
IRR 9.75\. 

The IRR will only reach the cut-off rate of 15 per cent by applying 
additional 20 per cent higher sales price in Case II (Malaysia}. For 
Case I (Thailand), it additionally requires 11.2 per cent higher sales 
price to reach 12 per cent of IRR cut-off rate for Thailand. It does not 
seea possible to set up prices at that high level in view of the negative 
iapact on the rubDer industry. Charts of IRR sensitivity of this assump
tion (Sensitivity Analysis 4) are attached as Annex XIII.13.1 and 
XIII.13.2. 

Debt-service ratio 

The ratio shown below shows a preferable debt-service position in 
both cases, i.e. the range falls into 1.5 - 3.0. The project can 
generate sufficient cash to pay interest and aake repayaent of l~ans. 

• 
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Sensitivity Analysis V: 10-year tax holiday provided to the assuaption 
reviewed by Sensitivity Analysis IV. 
(ref. Suaaary Sh~et, Annex XIII.15.1 and 15.2) 

The atteapt is to investigate how IRR would iaprove by provi4ing ten 
years tax holiday for the assuaption investigated in Sensitivity 
analysis IV. The result shows soaehow iaproved financial indications in 
both cases, though IRR is still lower than the cut-off ratio for both 
cases. 

Sensitivity Analysis VI: Sales voluae in Thailand 5,000 t/y and 4,500 t 
for Balaysia and others (keeping all the assuaptions of Sensitivity 
Analysis IV unchanged) 
(ref. Suaaary Sheet, Annex XIII.16.1) 

The sensitivity analysis was conducted in order to investigate how 
the IRR would iaprove, if the proposed plant in Thailand could sell 
5,000 t/year instead of 3,500 t/y. The aarket study which is concur
rently being coapiled indicates that the potential foraic acid deaand in 
Thailand aay reach higher than the projection aade in this report, aainly 
because of the high growth rate of foraic acid consuaption in the dyeing 
and tanning industries. This estiaar1on would not a~toaatically ensure 
higher sales voluae. It would be of interest, however, to potential 
investors in Thailand to learn how this iapact will be. 

The result shows that the IRR iaproved froa 7.95 per cent to 8.06 per 
cent. Only insignificant iaproveaent was aade. Even if the sales proao
tion cost were reduced to the aaount equivalent to 3 per cent of sales 
revenue (originally 10 per cent of sales turn-over had been applied), the 
IRR would iaprove to 8.46 per cent. It would prove that the contribution 
aargin has to be enlarged by increasing the price or reducing the fixed 
costs to becoae coaaercially profitable. Both cases do not seea to be a 
realistic assuaption. 
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CONCLUSIONS 

Financial indicators for the base assuaption are all negative. This 
iaplies that the foraic acid plant would not aate profitable operation, 
either in Thailand nor in Kalaysia. The reasons for this negative finan
cial iaplication are: (1) high initial investaent, (2) low sales prices 
due to prevailing low CIF prices both in Kalaysia and Thailand, (3) high 
costs of CO gas generation and high utility and energy costs to process 
foraic acid. This, however, does not lead to the conclusion that the 
AIJV project idea should be dropped without further follow-up envisaged. 

In the above-aentioned three areas, there is good reason to review 
possibilities of iaproveaent of the financial profitability. Lover 
initial investaent and variable costs could be achieved through carefal 
and skillful negotiations with suppliers and contractors. while higher 
sales prices could be applied vitb the Governaent's support by iaposing a 
higher tariff rate. Furtheraore, if the Governaent could provide tax 
exeaptions for this project, e.g. ten-year tax holiday, the financial 
indicators would further iaprove. 

According to the sensitivity analysis. however. changes of paraaeters 
in each area alone do not iaprove the financial indicators significantly. 
Only the three coabined show a soaevhat reaartable iaproveaent - but not 
enough to fully reco11:1end the project fo~ follow-up. 

The IRR in both eases is still below the cut-off rate. This proves, 
in Alternative IV of the Sensitivity Analysis that the project would 
enjoy acceptable debt-service ratio. Based on this cash generation 
capability, it would not be too difficult to obtain the required loans in 
the capital budgeting. 

It should be noted that the production programae (sales forecast) 
may have to be further reviewed. The sales projection was aade ass~aing 
the prices originally quoted and even higher prices supported by higher 
tariff rates are "coapetitive" (10 per cent lower than that of the compe
titors' products which are presently sold and would be distributed by 
non-ASEAN producers in the future). 

On this assumption, it has been projected that the sales volume 
would reach 10,000 t within three years. In order to achieve this sales 
volume, a very intensive aarketing effort will be required in the first 
three years of operation. Particularly the Indonesian product ~~' · will 
soon be introduced to the ASEAN aarket will become a strong coapetitor 
which is not taken into account in this report. If this projected sales 
volume is not achieved, it will obviously worsen the financial position. 
The break-even point for both cases in the Sensitivity 4 (combined three 
areas of improvement) indicates that the ainiaum of 89 per cent and 
70 per cent of full production voluae in Thailand and Malaysia respect
ively should be secured. This does not seem to be an easy task. 

La•tly, some indicators show that production facilities to be 
established in Malaysia will be slightly better off than those in Thailand. 
It is mainly attributable to the larger Malaysian market which in turn 
enables the Malaysian plant to enjoy cost advantages over the lower 
freight and sales costs. However, no significant advantages have been 
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identified through this study to conclude where the plant is to be 
located. It should be left to individual entrepreneurs and/or the 
Governaent to decide. 

The Governaent would play a liaited role in the process of aaterial
ization of this project. The decision for a follow-up vould ratber 
depend on the entrepreneurs' assessaent on the business o~portunity of 
this project. There still seeas to be rooa for further reduction ~f 
production costs and lovering down of in\tial investaent costs which in 
turn "i•prove" profitability. If no i .. ediate follow-up for aaterializa
tion is envisaged, however. a practic.:l co--operation scheae with the 
Indonesian plant aay be sought under the AIJV arrangeaent in light of 
lSEllf co-operation. 

In suaaary. 

(1) Vitb basic assuaptions and cost estiaation, the project shows 
negative financial indicators both for Thailand and Malaysia. 

(2) These negative indicators are attributable to (a) ~igh initial 
investaent (b) lov sales price and (c) high variable costs. 

(3) Sensitivity analysis on changing paraaeters in the above three areas 
concludes that no drastic iaproveaent can be expected by ch1nging 
paraaeters of one single variable (area). The significant improve
aent can only be aade by combining the three areas. i.e. 20 per cent 
lover initial investment, 20 per cent lover variable costs 
(selected) and higher sales price assuaing higher t~rif f rate which 
would protect the product in question. 

(4) Even the above combined assumption shows vulnerable financial indica
tors both in Thailand and Malaysia. However, it aay be acceptable 
for individual entrepreneurs and/or the Governaent to pursue the 
possibility of materialization in view of possible further improve
ment in financial terms. 

{5) Prices are established at 10 per cent lover than present competitive 
prices to ensure the projected sales volume. Forecasted sales volume 
aust be achieved in order to secure estimated cash generation. 

A failure would aake an extremely negative financial implication. 

(6) No significant advantages have been identified to conclude where the 
plant is to be established, in Thailand or in Malaysia. Even if the 
sales forecast in Thailand is increased to 5,000 t.y as shown in 
Sensitivity Analysis VI, the IRR would improve very aarginally. 

(7) In the case that no entrepreneur in Thailand or Malaysia initiates 
immediate follow-up, it should be noted that the Indonesian 
government submitted their proposal '>r AIJV for formic acid project. 
The project is awaiting confirmation as AIJV. The situation should 
be reviewed by COIME if the situation remains unchanged or not six 
months after the official submission of the report. 
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Annexes I to IV related to Chapter 4 

Annex I. Specification of natural gas available in the 
Ba Ta Pbut in4ustrial coaplex, Thailand 

Annex II. CO-gas process description 

II.1 Process description of PSA plant 
II.2 Process description of ClLCOl-C 

Annex III. •on-conventional sources of CO-gas in Balaysia 

III.1 Balayawata blast furnace gas (BFG) 
III.2 Bintalu, CO-,as specification 
III.3 BBI shaft furnace top gas, Labuan, Sabab 

Annex IV. Calculation of variable costs of 1Ra3 pure CO-gas 

IV.1 Ba Ta Pbut, Thailand 
IV.2 Kalayawata, Kalaysia 
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lanez I. 

SPECIFIClTIOll or llATUllL GlS lYlILlBLE 
D TBE Ill Tl PBUT IIDUSTIIlL COllPLEX, TBlILUD 

•atural aas 

Tbe following grades of natural gas will be available: 

- Treatecl gas, treatecl gas coaes froa PTT's Gas Separation Plant 
operating to recover C2+. 

- law gas I or II 
law gas I or II is pipeline gas treated in the PTT dew point control 
unit. law gas I or II will be supplied during the shutdown of the 
Gas Separation Plant. 

Coa22nent Treated gas law gas I Raw gas II 
llol \ llol ' llol ' 

•2 1.96 0.81 1.37 
COz o.cs 23.06 lC.57 
Cl 95.72 65.59 67.U 
C2 1.85 5.82 9.07 
C3 0.02 2.87 C.88 

i cc 0.65 1.11 
D CC O.H 0.97 
i C5 0.22 0.27 
D CS 0.14 0.16 

C6 0.12 0.09 
Cl-plus 0.07 0.10 

Vat er 0.01 

100.00 100.00 100.00 

Treated gas Raw gas I Raw aas II 

Average aolecular weight: 16.7 25.1 24.2 
LBV tcal/lfa3 8,480 7,697 9,040 
LBV BTU/scf 952 865 1,016 
B20 PP• vol 3 
BaS ppm vol 5 20-80 
S other than B2S 10 25 

Conditions at PTT 8.L.: 
Pressure tg/ca2g Cain.) co co co 
Teaperature (degrees c aax.) 49 u u 

ruel gas systea: 
Pressure tg/ca2g 16 16 16 
Teaperature (degrees C) 30 30 30 
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Utilities aa4 fee4stoct costs in Ba Ta Phut, Tbailaad 

Utilities aa4 feedstock costs (expressed in aid-1984 US dollars) for 
econoaic ev1luations only are as follows: 

Utilities 

- natural gas 
- electric power 
- high pressure steaa 
- aediua pressure steaa 
- low-pressure steaa 
- df!aineralized water 
- steaa condensate 
- cooling water 
- raw water 
- treated water 
- potable water 
- waste water disposal 
- instruaent air 
- plant air 
- nitrogen 
- oxygen 

Feedstock 

- ethane 
- propane 

USS/10-lcal 
USS/tVn 
USS/t 
USS/t 
USS/t 
US$/a:1 
USS/t 
uss11.000a:1 
US$/a:1 
US$/a:1 
US$/a:1 
US$/a:1 
USSl•a:1 
USSl•a:1 
US$l•a:1 
USSl••3 

US$/t 
USS/t 

13.5 
0.067 

13.9 
10.7 
7.7 
1.0 
1.0 

22.7 
0.185 
0.24 
0.3 
0.3 
0.02 
0.02 
0.37 
0.21 

227 
250 
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Co-GAS PROCESS DESCRIPTIOI 

Annex II.1 PSA plant 

Annex II.2 CALCOR-C 

Annex II 

• 
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Annex II.1 

PROCESS DESCRIPTION OF PSl PLAIT 

(Please refer to the attached flow diagraa) 

The feed gas containing lb, Kz, CO, COz, traces of lr +Ci and 
saturated with lbO is separated in two PSl units into the CO product and 
a waste gas containing COz, Kz, lbO and CO losses. 

In the first PSl unit, the so-called COz-PSl unit COz is rejected. 
This COz-PSl unit is a typical PSl unit where the light product consists 
of lb, llz, CO and the heavy product is COz. In order to achieve a high 
CO recovery, purge gas for regeneration is taten froa the second PSl 
unit, the so-called CO unit. Therefore the waste gas froa the COz-PSA 
unit contains all the COz, RzO and also Hz, Nz and CO. 

The light product froa the COz-PSl unit is further separated into 
CO-product and Bz, Nz in the CO-PSl unit. This PSl unit deviates froa a 
typical PSl unit in two steps. 

1. In order to recover the adsorbed coaponent CO at high recoveries 
the description step has to be carried out under vacuua. 

2. In order to achieve a good separation between CO and the light 
coaponents Hz, Nz a recycle streaa with pure CO is necessary. 

The CO-product is coapressed in the product gas coapressor to the 
required pressure level. 
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Siaplified flov-scheae of the pressure swing absorption unit 

CD-
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Annex I.:. 2 

PROCESS DESCRIPTION OF ClLCOR-C PLAllT 

Vith the ClLCOR-C process a CO raw gas (feecl gas to cold-box) with a 
high concentration of CO is produced by reforaing natural gas with 
carbondioxide in the presence of a catalyst. 

Tbe natural gas is usecl as feed. After hydrogen has been added the 
gas is preheated in a heater exchanger. In the desulphurizer the sulphur 
content of the feed stock is hydratecl on a catalyst and subsequently 
absorbed by the catalyst. 

Tbe purifiecl feecl gas is now aixed with carbondioxide and sent 
through the reforaer. Tbese reforaers are top-fired by burners and by 
burning natural gas. In the reforaer tubes the aixture of feed gas and 
carbondioxide is converted into a syngas consisting of CO, Bz, COz and 
BzO. At the outlet of the reforaer tube this syngas is quenched by 
injection of water. Froa the collector vessels, the syngas is sent to a 
cooler where it is cooled to aabient teaperature by a closed cooling 
water cycle. Subsequently the syngas is sent to an absorber in which the 
carbondioxide part is reaoved by a llEl solution. After reaoving droplets 
in a deaister the CO raw gas is available as feed gas to the cold-box. 
During start-up and shut-down periods and interruptions in the 
down-streaa equipaent the CO raw gas will be sent to the flare. 

Tbe hot flue gas froa the reformer together with the flue gas of the 
burner is sent to a two-path waste heat boiler where the sensible beat is 
used for the production of steaa. Tbe partially cooled flue gas at the 
outlet of the first path of the boiler is used to preheat the natural gas 
feedstock and the carbondioxide in heat exchangers before it is passin~ 
the second path of the waste heat boiler. The flue gas leaving the 
boiler is quenched to aabient teaperature in a cooler in a direct contact 
tower before it is sent to an absorber in which the carbondioxide is 
reaoved by a JIEA solution. After removal of droplets in a deaister the 
flue gas is released to ataospbere at the top of the absorber. 

The rich MEI. solution froa the absorbers is preheated in a beat 
exchanger and returned to the top of the stripper and the reboiler in 
which the COz part is separated and recovered for the reforaing process. 
After water vapor has been knocked out in a condenser and separator the 
COz is stored interaediately in a buffer tank before being sent to the 
reforaers. The reboiler is heated by the generated and additionally 
iaported steaa. A split stream of the rich JIEA solution is passing an 
activated carbon filter. Tbe lean MEA solution leaving the reboiler is 
flowing through a beat exchanger and a cooler before being returned to 
the top of the absorbers. 

The co raw gas produced in the CALCOR-C process is sent to the 
cold-box for purification. The tail gas from this cold-box is returned 
and used as fuel in the reforaer. 
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Purification of raw CO gas 

l. Introduction 

The cryogenic process, which is used for CO purification is based on 
the partial condensation principle. 

B. 

The following essential process steps will be aentioned: 

- Coapression of the feed gas together with a recycle streaa to 
approxiaately 10 bars 

- Drying of the gas and residual COz re•oval by aeans of an adsorber 
unit. For a saaller design of the adsorber station a cooling step 
up-streaa of the adsorbers is provided 

- Cryogenic separation of the feed gas with following product streaas: 

CO product 
lb fraction as fuel gas 
Recycle streaa, wich is routed bact to the feed gas in order to 
i•prove the recovery of CO 

Generation of cold by means of an expansion turbine. 

1. Feed gas coapression and drying 

Feed gas fro• battery-liait is aixed with a recycle streaa coaing 
fro• the cold-box. The gas enters the three-stage piston compressor. 
1120 which condenses in the intercoolers is separated in the two druas and 
sent to battery limits. The gas passes the aftercooler and the chiller 
where it is cooled down to +5° C by cold water. The condersed HzO is 
separated. 

In the interchangeable adsorbers, COz and BzO are reaoved down to 
traces. 

2. Cryogenic section 

The gas enters now the cold-box, it is cooled down by cold 
separation products. CO condenses and will be separated. The gas phase 
is warmed up and used as regeneration gas for the adsorbers (heating by 
steam, cooling by by-passing it). It leaves the plant as fuel gas with 
variable temperature. 

The liquid is expanded to flash out the aain part of the dissolved 
Bz, the reaaining liquid is CO with product purity. It is evaporated and 
waraed up and leaves the plant as co product. The refrigeration 
nece1sary for the operation of the plant is produr.ed in an expansion 
turbine: The flash gas is mixed with a part of liquid and gas, warmed up 
and expanded. Then the gas is rewarmed and recycled to the feed gas. 
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The CALCOR-C process flow diagram 

Generation of a raw gas with high CO-concentration 



L.:') 

r---------;·----J 
~· 

I ;-----
, . r----><; 
I : c 
' ' i ' 

11 
,::• . 
~· ~~ .. . 

- 78 

-~-

--! 

. 
__ -.r ..... ; 

x 
0 
,Q 
I 

"C ..... 
0 
u 

.... 
0 

e .. 
"' 0 .. ..... 

'tr 

lit 
0 ..... .... 
GI ..... 
a. e .... 

Cl) 



- 79 -

WOll-COIVENTIONlL SOURCES OF CO-GAS IR lllLAYSIA 

Annex II:.1 Kalayawata blast furnace gas (BFG) 

Annex III.2 Bint•alu, CO-gas specification 

Annex III 

Annex III.3 RBI Shaft Furnace Top gas, Labuan, Sabah. 
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Annex III.1 

BLAST FUUlCE GAS (BFG) - llLAYlVATA STEEL, PENAllG 

JII.1.1 l?erage coaposition (percentages) 

co - 25.4 
C01 - 14.0 
81 - 5.5 
Ra - the rest 

III.1.2 Teaperature of the gas after cleaning - 35°c. 

III.1.3 Discharged pressure for the cleaned gas abs. 350 aahg 

III.1.4 Average BFG generated - 36; x 105Ra3/y 

III.1.5 Surplus of BfG after ~ing used by Malayawata Steel = 
192 x 105 Ra3 /y 

f 
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Annex III~2 

BillTULU CO-GAS SPECIFICATION 

III.2.1 Bintulu Allaonia plant slip streaa coaposition: 

Ar co 

' per voluae 56.77 0.28 21.27 0.56 12.'3 8.19 

Pressure : 31.S bar gauge 
Teaperature : 378oc 
Price for 10,000 Ra3 /hour: KS 186 =USS 74.41 

The above price is assuaed without Hz-return to systea. 

II.2.2 Price specification of utilities 

- Electricity 3,3 kV, 415 V, 230 V 
- Steam low pressure 4 bar g 

aediua pressure 44 bar g 
- Cooling water 
- Process water (deain.) 

llS USS 

0.20 kVb 
9.1/t 
9.1/t 
1.57/•3 

1.51/m3 

0.08/kVb 
3.64/t 
3.64/t 
0.668/113 
0.604/m3 

Perujawa Steel Plant syngas coaposition fro• the reformer: 

R2 co CR4 C02 

' per V?lume 67 20 s 2 6 
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Annex III.3 

BOT BRIQUETED IRON SBAFT FURRACE TOP GAS, LABUAJf, SABAB 

III.3.1 Coaposition (vol.,) 

co - 25.2 
COz - 15.5 
l'fz 1.5 
Hz - 48.8 
CB4 - 3.0 
BzO - 6.0 
BCN - 0.58 ag/a3 
BzS - 1.55 ag/a3 
Oz - 36 ag/a3 

Fe (0.025 aibron) - 1 ag/a3 

III.3.2 Teaperature - 40°c 

III.3.3 Pressure - 1.3 bar abs 

III.3.4 Calorific value 

Net 243 btu/scf (2 162.5 kcal/Nm3 ) 

Gross 270 btu/scf (2 402.73 kcal/Na3) 

III.3.5 Quantity 

45-47,000 Nm3 /bour 



• 
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CALCULATION or VARIABLE COSTS 
OF Ila3 pure CO-gas 

Annex IV.1 Ka ta Pbut, Thailand 

Annex IV.2 Kalayavata, Malaysia 

Annex IV 
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Annex IV.1 

CALCULATION OF VARIABLE COST OF 1 Ra3 PURE CO-GAS AT 
THE ll Tl PRUT CO-PL111T. THAILAND 

The CALCOR-C and Cold Box plan~ produces 830 Ra3 /hour CO-gas as 
100' CO-gas (actual output is 838 Wa3 CO-gas as 99.19 per cent) 

Price per unit Consuaption Total 
Raw aaterials USS per hour USS/hour 

Ratural gas Wa3 0.1039095 * 600 62.35 

Total raw aaterial 62.35 

Utilities 
- Instruaent air Na3 0.02 32 0.64 
- Electricity kVb 0.067 294 19.698 
- Nitrogen Na3 0.37 50 18.5 
- Steam Gj 3.831 1.2 4.272 
- Make-up water .3 0.24 0.1 0.024 
- Cooling water 0.0227 409 9.2843 

Total utilities 52.4183 

Total variable cost per 830 Nm3 pure CO-gas USS 114. 7683 

USS 0.138275 Variable cost of 1 Na3 pure CO-gas ----> 

Calculation of the price of Raw Gas I 

Rote 

without 82 
gas export 

Price of natural gas: USS 13.5/106 teal (see Annex IV.2.1) 
LHV of Raw gas I 7,697 kcal/Nm3 
Price of 1 Nm3 of Raw gas I: 7697 x 13.S = USS 0.1039095 

106 

, 
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CALCULATION OF VARIABLE COST OF 1 Na3 PURE CO-GAS AT 
TIE JllLlYlVATl STEEL VORIS, JllLlYSIA 

The PSA-unit produces 1,000•3 of 98\ CO-gas at 35 bar 

Price per unit Consuaption Total 
Raw aaterials US$ per hour US$/hour 

Blast furnace 0 5,650 0 * 
off-gas Na3 

Total raw aaterial 0 

Utilities 

- Electricity k:Vh 0.0576 1,000 57.6 
- Cooling water .3 0.16 80 12.8 
- Nitrogen Nm3 little 

Total utilities 70.4 

Total variable cost per 1,000 Nm3 pure CO-gas US$ 70.4 

Correction to 100\ CO-gas -----> US$ 71.84 

Annex IV.2 

Note 

Variable cost of 1 Na3 100\ pure CO-gas -----> USS 0.07184 

* Blast furnace off-gas is considered to have zero value. 
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Annex V.1 

SITE LOCATION OF MA Tl PRUT, Thailand 

• 

BANGKOK 

~~ 
~~ 

) 

Gulf of 

\. 
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Annexes related to Chapter VI: 

Annex VI.1 Siaplif ied flow cliagraa - f oraic acid process (CALCOR-C) 

VI.2 Siaplif iecl flow diagraa - f oraic acid process (BFO) 

VII.1 Layout of the CO-plant Thailand (CALCOR-C) 

VII.2 Layout of the CO-plant Malaysia (PSl) 

VIII.1 Foraic acid process description (Foraaaide process) 

VIII.2 Foraic acid process description (aethylforaaaide p1~cess) 

VIII.3 Foraic acid process description (using carbonaonoxid~ 
and water via aethylforaate) 

IX.1 Manufacture of CO-gas (CALCOR-C) 

IX.2 Foraic acid production equipaent 
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FLOI DIAGIWIS 

Annex VI.1 Thailand 

Annex VI.2 Malaysia 

Annex VI 
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PLAIT LAYOUT FOR Co-GAS 

Annex YII.1 Thailand (C.lLCOR-C) 

lnnez YII.2 Balaysia (PSl) 

lDEX VII 

• 
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Annex VII.I 

LAY-our or THE CO-PLAIT: TBAILAJID 
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An~~x VII.2 

CO-GAS SEPARATION FOR JW.AYSIA BY PSA 
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Annex VIII 

FORlllC ACID LlY-<>UT PLllf 
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lllnex VIII 

FOIJIIC ACID PROCESS DESCRIPTIOll 

Anne• YIII.1 FOlllAllIDI Process 

IDDez YIII.2 llETllYLFORlWIIDI Process 

IDDez YIII.3 CU80llllOllOIIDI HD VITER VIA llETBYL
FOUlTI Process 
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lDnex VIII.1 

DJIUFlCTUll or FOlllIC lCID Vil FOllWIIDE 

VIII.1.1 Process description 

1. SJnthesis to produce forauide 

Forauide is aanuf acture4 by adding liquid amaonia to carbon 
aonoxide under the catalytic effect of so4iua aethanolate. The reaction 
tates place at a teaperature ranging f roa 95° c to 110 •c a&td a presure 
17.6 - 19.6 IPa. This reaction aay thus be terae4 as one-stage 
hoaogeneous catalysis taking place in a through-flow reactor of cylindric 
shape. 

The reaction is as follows: 

catalyst 
CO + Ila ----------> BCOIBz 

(carbon aonoxide and amaonia to forauide) 

Carbon aonoxi4e will be obtained by ref ~raing natural gas and will 
be delivered to the plant. Baraful iapurities shall be reaoved froa the 
feed gas. 

The ctalyst is So4iua aethanolate which is prepared by dissolving 
aetallic socliua in •ethanol under nitrogen ataosphere. The reaction is 
as follows: 

2 CBz OB + 2•a ---------> 2 Clb Ola + lb 

(aethanol and aetallic so4iua to so4iua aethanolate) 

Carbon aonoxide is coapressed in a high pressure coapressor. The 
coapresse4 CO-gas th•n enters the high-pressure reactor where it aeets 
with the aixture of aaaonia, aethanol and so4iua aethanolate dosed into 
the reactor by aeans of a high-pressure puap. The CO-gas enters the 
reactor at the bottoa. The liquid raw aaterials enter the reactor f roa 
the top. 

So4iua aethanolate [catalyst] is prepared by dissolving aetallic 
1o4iua in aethanol under nitrogen ataosphere. 

The aain f oraui4e production equipaent is the high-pressure 
reactor. The reactor is of vertical cylindric shape without filling. 
lixing is ensured by the action of bubbling CO-gas and a circulating 
puap. 

The r•action is highly exotheraic. The reaction beat is reaoved by 
aeans of cooling in the recycle. The reaction aixture is let off at the 
bottoa of the reactor at such speed that ensures constant level of liquid 
reactants in the reactor. After cooling and pressure reduction, the 
waste fas is burnt off and liberated into the atao1pbere. 
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After pressure recluction the reaetion aizture flowing out of the 
reactor is lecl into an expansion tank where gases are liberatecl. The 
aizture is then sent through a preheater into f ila evaporator where the 
aain part of excess aethanol and volatile coaponents is distillecl off. 
Tte fila evaporator worts under ataospheric pressure. The vapours pass 
through a condenser where condensation of aethanol takes place. The 
condensecl aethanol flows into the return aethanol receptacle or into the 
storage of cOllbustible su))stances. 

The ~izture flowing out of the bottoa of the f ila e•aporator goes 
into a vacuua evaporator where the last portion of volatile coaponents is 
dir.tillecl off. After condensation they are sent into the coabust\bles 
storage area. The necessary vacuua is procluced by aeans of vacuu.a 
puaps. 

The distillation residue is actually raw foraaaide. The cooled 
foraaaide is sent into the foraaaide storage tank. After quality control 
foraaaide is sent into the foraic acid plant. 

VIII.1.2 Hydrolysis to procluce foraic ac~d froa foraaaide 

The process consists in principle of foraaaide decoaposition into 
foraic acid and aaaoniua sulphate using sulfuric acid as decoaposing 
aediua. The reaction is as follows: 

2 econ~ + lb so. + 2 lb o 2 BCOOB + (llllt ) a SOt 

(hydrolysis of f oraaaide and sulphuric acid 
to foraic acid and aaaoniua sulphate) 

The principal raw aaterials foraaaide, sulphuric acid and vatr are 
puaped into the hydrolyzing reactor by aeans of f our-coaponent dosing 
puaps. Pure water or sulphate water is used. One of the four dosing 
coapartaents of each puap serves to puap pure water into the absorption 
~oluans. The obtained absorbate is used to adjust the foraaaide 
concentration to 80 per cent by weight. After the reaction has taken 
place the obtained rea:tion aixture falls down into the distilling druas, 
where foraic acid is passed through a trap where aaaoniua sulphate flue 
dust is extrapped. Then the foraic acid vapours pass a partial condensor 
(deflegaator) •here partial con~ensation to foraic acid takes place. 
This def legaated f oraic acid then washes the aaaoniua sulphate down into 
the hydrolyzing reactors. roraic acid vap·ur which passed through the 
def legaator is led into condensation wberef roa they f lov down into &COOR 
receptacles. 

The ICOOR vapours which bad been sucked off f roa the condensing 
equipaent due to tbe evacuating effect of a vacuua puap pass through an 
absorption coluan and drop trap into tbe vacuua puaps and ataospbere. 

The absorbate obtained in the absorption coluans containing 
15-35 per cent BCOOB is aostly used for adjustaent of foraaaide. The 
reaaining part flows into the hydrolyzing reactors. 
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i.aoniua sulphate which has been dried in the distilling drua falls 
through into the ... oniua sulphate storage tants. Froa the storage tanks 
it is transported by aeans of screw conveyors into the solution tank of 
the recrystallisation plant. 

Together with the feed solution the runback solutions are trans
ported f roa the pre-thickener and the centrifuge to the collector f roa 
which the level controlled solution is fed due to a filter and a tank for 
adjusting the ph-value with Bzso. into the crystallizing plant, which 
consists aainly of the eYaporator/crystallizer the circulation conduct, 
the radiator and the circulating puaps. 

Part of the exhaust vapours f roa the crystallizer are taten in by 
the theraal exhaust vapour condensor are precipitated in the surface 
condensor and pressure control. 

The condensed heating steaa and exhaust vapours are evacuated by 
aeans of puap via the condensate cooler. 

The saline suspension is fed into the separator plant and to the 
sieve f roa where the bigger and saaller grain is led bac~ to the 
crystallisation plant. The final produ~t is going to the storage tant 
and the bagging unit. 

Forric acid in technical quality is puaped froa the receptacles into 
expeditivn where concentration is adjusted and finished foraic acid is 
pumped into tanks or saall containers. 

Foraic acid for foodstuff or in pure quality can be obtained by 
rectification in a separate column where lower boiling portions are 
separated. This coluan is part of this plant. 
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lnnu VIII.i 

lllllUFACTUllE OF FORlllC ACID BY THE llETBYLFORllATE PROCESS 

1. Process description 

1. Cbe•ical reaction 

The synthesis of f or•ic acid by carbon aonoxide and water is 
shown in the following overall reaction: 

CO + lbO -----> &COOR 

This reaction takes p~ace in two steps: 

In the first step, carbon aonoxide and aethanol react in presence of 
a catalyst to fora aethyl foraate, 

Clb OB + CO -----> BCOOClb 

In the second step, the foraed •ethylfor•ate hydrolyzes with water 
to fora •ethanol and the product foraic acid 

BCOOClb + lb I) -----> lfCOOB + CB. .. OR 

2. Metbylforaate synthesis 

Fresh aethanol froa the storage and recycle •ethanol is puaped to 
the reactor and •ixed with catalyst solutinn before entering tbe reactor. 
The coapressed carbon monoxide is fed to the botto• of the reactor. 

ln the reactor the aethanol reacts in presence of a catalyst ~ith 
the carbon aonoxide to •etbylf oraate which is separated from surplus 
aethanol ir the aetbylforaate separation column. 

Methanol is recycled. Off-gas is sent through a scrubber to absorb 
residual aethylforaate. 

3. Foraic acid production and distillation 

Methylformate is hydrolized with water in a fixed bed cat?..ytic 
reactor. Expansion of the aixture and cooling down avoids reversed 
esterification. 

The hydrolysis mixture s separated by a distillation column into 
aetbylf ormate methanol at the top and aqueous f oraic acid at the bottom. 

Methanol and aetbylforaate are recycled. 

ror•ic acid is concentrated in the product coluan to 85 per cent 
wt., and is then available for further processing. If 90 per cent wt. 
formic acid is needed an additional column bas to be used. 

• 
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B. Rav aaterials 

1. llethanol 

The a.ethanol to be used shall correspond to a noraal purity (U.S. 
Fed. grade l or equivalent), but shall be nearly free of iron. 

Typical Analysis 

Apparent specific gravity 
Boiling range, 0 c 
Precipitated by water 
Reducing 0no .. 
Darkened by sulfuric acid 
Acetone and aldehyde 
Alkalinity (as Illa) 
Yater 
Iron 
Color 
Non-v .... :.atile residue 
lcidi•Y (as acetic acid) 

2. Carbon aonoxide 

Pressure 
Teaperature 
Carbon aonoxide 
Jfitrogen 
Jletbane 

3.0 Consu•ption fiaures 

0.792-0.793 at 20/l0°C 
0.5 aax. falling betwee~ 6t0 and 6S0 c 
Clear 
Kin. 30 ai~utes at 15°c 
20 (aax.) (Pt-Co Scale) 
0.003 wt. \ (aax.) 
0.0003 wt. \ (aax.) 
0.10 vt. \ (aax.) 
&.OS ppa (aax.) 
5 \•ax.) (Pt-Co Scale) 
0.001 vt. \ (aax.) 
0.003 wt. \ (R'\X.) 

36 bar 
aabient 
98.2 \ vol. 
1.78 \vol. 
0.02 \ vol. 

l standard plant based on a feed gas ~ith approx. 98 \ vol. CO will 
require the following raw aaterial and utilities per aetric ton (JIT) of 
85 \ wt. for•ic acid at 100 per cent capacity utilization. 

3.1 Raw •aterials 

Jletbanol 
Carbon aonoxide (100\) 
Catalyst and stabilizer• 

3.2 Utilities 

Steam (10 bar)•• 
Cooling water (t • 10°C) 
Cooling brine (T • -25°C) 
Process water 
Power ·• 

7 kg 
610 kg 
0.5 kg 

6,900 kg 
250 111 

1.1 Gcal 
'90 kg 
175 kVb 

+ Estimated price: DM 10,- (Index 1982) 
++ For reasons of purity, the product is removed vaporous. 



3.3 Personnel 

Operators 
Shift foreaan 
Supervisor 

4. Product quality 
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2 per shift 
1 per sbif t 
1 

The quality of the foraic acid obtained in the production plant is 
as follows: 

Foraic acid 
Vat er 
Iron content 
Sulphate content 
Ron-volatile aatter 

85 \ wt 
15 's wt 
5 PP• wt (aax.) 
50 ppa wt (au. ) 
100 PP• wt (aax.) 

• 



U.tAlTSt 

(0 

StA&lllllA 

P'I( IHAHOl 

H1il 

• 

FORMIC ACID USING CARBON MONOXIDE AND WATER VIA METHYLFORMATE 

CO·AUYCll 

HETHYl
FORHATE 
REACTOR 

CO· S lACK GAS. 

HETHYL
FORMATE 
SEPARATION 

ttYOROL YSIS 
REACTOR 

DRYING FORMIC PRODUCT 
UNIT ACID CONC EN TRA TION 

SEPARATIQN 

• 

+ 

~ 
M 
n 

~ 
M 
~ 

Cl 

"' M 

~ 

i 
I 
>C 
M 

~ 

! 

~ 
~ 
M .. 
I 
~ 

=-c:I 

~ 
~ 
M 
M 
M . 
w 

..... 
0 
w 



- 104 -

BREAlt-DOVll or EQUIPllEllT COSTS 

Annex IX.1 Kanufacture of CO-gas {ClLCOR-C) 

lnllex IX.2 Foraic acid production equipaent 

lnllex IX 

• 

• 

• 
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l.DDex 11.1 

BREll-DOD 'lF EQUIPllEllT COSTS (llUUFl.CTUIE or C<HrlS) 

V~ll.1 List of aain equipa~nt for CO-gas aeneration (Cl.LCOR-C unit) 

leforaer Yessel vi.th burner and tubes 
filled with catalyst 

Waste heat boiler 
Flue gas boiler 
Flue gas COz absorber 
llEl reboiler 
llEl stripper 
llEA/llEl heat exchanger 
llEl ~ooler 
law gas COz absorber 
llEA puaps with stand-by 
CO-detection and alara systea 

Control rooa equipaent 

Piping. valYes etc. 
Lightning systea. catalyst 

CO-tanks 

..., 

J 

FOB 'rice in USS 1,000 

Foreip 

F 
r 
r 

2,035 

167 

108 

_ill_ 

2.Hl 

Local 

VIII.1.2 ~ist of equipaent for CO-aas purification (Cold-box unit) 

2 absorber vessels vitb internals 
Stea• heater 
Cold water cooler 
Vater separator 

Process beat exchanger 
reed gas separator 
rl11b drua 

r~ed gas coapressor 
Cold water set 
Expansion turbine 
Analyzing equipaent 

Piping, steel structure 
Control rooa equipaent 

J 
J 
J 

FOB price in OS$ 1,000 

Foreian 

202 

07 

630 

Ul 
_ill_ 

1,585 

Local 
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YII.1.3 List of electrical equipaent for ClLCOl-C ancl Cold-Box units 

13.1 IY switch gear 
5 KV switch gear 
6 D capacitors 
O.t IY switch gear 
Control board 
2 transf oraers 
Cabling systea 
Fixtures, installation •aterials, 

switches, sockets, etc. 

FOB price in USS 1,000 

Foreign Locd 

262 

262 

• 
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llUlex IX.2 

DllUFlCTUU or rorunc ACID - -..1ST or Diii EQUIPllEIT 

IX.2.1 lleth1!oraate synthesis 

Synthesis gas coapressor 
KethJlf oraate reactor 
Reactor cooler 
Reactor oYerbead condensor 
2 reactor puaps 
Reactor agitator 
2 BeOB-KF colun JK>ttoa pups 
Spent catal1st filter 
Kethyl f oraata reactor 
Refrigeration unit 

FOB price in USS 1,000 

Foreian Local 

IX.2.2 Purification of aethylforaate, hydrolysis and product 
purification 

Kethanol-aethyl foraate coluan reflux drua 
Htdrolysis product splitter reflux drua 
Product coluan reflux drua 
Bethanol-lethyl foraate coluan reJK>iler 
Kethanol-Bethyl foraate coluan condensor 
Betbanol-Ketbyl foraate coluan vent condensor 
Tria heater 
BJdrolysis product splitter reboiler 
Hydrolysis product splitter condensor 
Hydrolysis product splitter tria reboiler 
Product coluan reboiler 
Product coluan overhead condensor 
Product cooler 
Product coluan feed bottoa exchanger 
Product coluan vent condensor 
2 leOB coluan ref lUJC puaps 
2 hydrolysis product splitter bottoa puaps 
2 hydrolysis product splitter reflux puaps 
2 product coluan reflux puaps 
Hydrolysis reactor with agitator 
Ketbanol-Kethyl foraate coluan 
Hydrolysis product splitter 
Product coluan 

Total 

FOB price in USS 1,000 

Foreip Local 

I ,,099.3' 5'7.66 
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Annex 1.1 

Organizational structure for Thailand 

larletiq 
fUCltin 

Tnssport 

~1er1l 11119er !Sec_ ret1r1j 
Fl ph1t 

lestard IH 
fftdlpnt 

Pichtilf 
--, 

CAtrc! roo1 I 
opentors 

S~irt~ CO plilt 
secret1ry 11111er 

. !lii!t!!HCf Uift opentors 

Organizational structbre for Malaysia 

Gt1er1l 11119er Jse~~~ 

luletiq 
lcco11t1at 1111;e: 

Tec•1ic1l-st1ffl 
ltD 

fl Flact. PSl pl11tl S•a:e4 
staff 11119er I s!cretary 

larttti19 
HtCltin 

Tnasport 

• 

• 
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Annex II 

USPOllSIIILITIIS DD QUlLinClTIOllS or 
FOUIC lCID FlCTOIY UD lDllIJIISTllTIY! LllOUI. 

Tile staff of the factory consists of t•e f ollowiag: 

Foraic acicl 

1 general aanager - haYi.ag good blowledte of ecoao.ies 

1 accountant - gracluate ill comaerce with experieace 

1 aarteting aanager -

1 asrteting 
executive 

in boolleepiag ancl accountucy 

engineeriag gracluate ••Ying experience 
in aarteting ci.e.ical proclucts ancl altle 
to negotiate directly with higher 
authorities 

engineering gracluate with gooci experience 
in D&rteting cheaical proclucts, having 
experience in setting up ucl huclling 
dealer networks 

4 operators in Fl - aecliua engineering gracluates. haYing at 
least 5-year experience in cheaical plants 
especially in organic cheaistry 

4 control-rooa technical university graduates stilled in 
operators cbeaistry as well as instruaentation and 

control with at least S-7ear experience 
in aanuf acturing 

2 aaintenance - engineering graduates - ... iua-level. 
engineers having 10-year experience in control ancl 

instruaentation in cheaical factories 

t shift aanagers - technical university graduates with 10-year 
experience in cheaical industry 

1 technician technical uniYersity graduate, still•cl in 
organizing research and deYelopaent wort 

4 packaging operators 

1 clrher 

2 secretaries 
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Carl»on aoaoxi4e aanuf acture 

- CALCOR-C - Cold lox process (Thailan4) 

Tbe staff of the •lant consists of: 

1 plant aanager - waiYersity gra4uate with goo4 experience 
in aanaging cheaical ~lants especially 
plants proclucing toxi~ gaseous proclucts 

C shift operators - cheaistry gra4uates - aecliua-4egree of 
schooling ha•ing 5 to 7-year experience 
in operating cheaical plants an4 soae 
tnowle4ge iL process control an4 autoaation. 

• 

• 
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bnex XII 

CALCULl.TIOll or LUOUI COST 

1. Cari.on aonoxicle procluction 

Tlaailu4: 

1 foreaaa 
4 operators 

Balania 

Factory labour 

USS ?,200 
USS 19,200 

USS 26,olOO 

lclainistratiYe staff 

sharecl with foraic acicl 

Tile PSl plant cloes not require any operator. The plant will h 
aonitorecl froa the foraic acicl control rooa. 

2. Foraic acid production 

Direct factory labour 

1 driver 
4 packaging operators 
4 plant operators 
4 control rooa operators 
2 aaiI.tenance engineers 
1 technici•n (l+D) 
4 shift aanagers 

Total clirect factory lalK>ur 

lclainistrative staff 

l clirector 
1 accountant 
2 aarteting staff 
2 secretaries 

Total aclainistrative staff 

Total f or•ic acid plant clirect labour and 
aclainistrative staff 

USS/mu 

ftailaacl 

1,200 
4,800 
9,606 

19,200 
3,840 
4,800 

28,800 

72,240 

15,000 
7,200 

U,400 
2.880 

39,tlO 

117,720 

BalaYSia 

1,500 
8,000 

19,200 
38,400 
4,800 
4,800 

48,000 

124,700 

19,200 
6,000 

15,000 
4,800 

45,000 

169,700 
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Annex XIII 

COllFll SCHEDULES l1ID GllPBICS 

IIII.1.1 Working capital requireaent 
1.2 Vortiag capital requireaent 

2.1 Total initial investaent 
2.2 Total initial investaent 

3.1 Source of financing, construction 
3.2 Source of financing, construction 

4.1 Production cost 
4.2 Production cost 

5.1 Cash-flow tables, Production 
5.2 Cash-flow tables, Production 

6.1 •et iacoae stateaen~ 
6.2 Wet incoae stateaent 

7.1 Sensitivity of IRR 
7.2 Sensitivity of IRR 

8.1 Debt:service ratio chart 
8.2 Debt:service ratio chart 
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9.2 ~11aaary sheet for sensitivity Analysis I 

(Thailand) 
(llalaysia) 

(Thailand) 
(llalaysia) 

(Thailand) 
(llalaysia) 

(Thailand) 
(llalaysia) 

(Thailand) 
(llalaysia) 

(Thailand) 
(llalaysia) 

(Thailand) 
(llalaysia) 

(Thailand) 
(llalaysia) 

10.1 Suaaary sheet for Sensitivity Analysis II 
10.2 Suaaary sheet for Sensitivity Analysis II 

11.1 Suaaary sheet for Sensitivity Analysis III 
11.2 Suaaary sheet for Sensitivity Analysis III 

12.1 Suaaary sheet for Sensitivity Analysis IV 
12.2 Suaauy sheet for Sensitivity Analysis IV 

13.1 Sensitivity of Ill for Sensitivity lnalysis IV 
13.2 Sensitivity of Ill for Sensitivity Analysis IV 

(Thailand) 
(Malaysia) 

(Thailand) 
(Malaysia) 

(Thailand) 
(Malaysia) 

(Thailand) 
(Malaysia) 

(Thailand) 
(Malaysia) 

lt.1 Debt:service ratio chart of Sensitivity Analysis V (Thailand) 
lt.2 Debt:service ratio chart of Sensitivity Analysis V (Malaysia) 

15.1 Suaaary sheet for Sensitivity Analysis V 
15.2 Suaaary sheet for Sensitivity Analysis V 

16.1 Suaaary sheet for Sensitivity Analysis VI 

(Thailand) 
(Malaysia) 

(Thailand) 
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VORIIIG CAPITAL REQUIREllEIT 
(Thailand) 

---------------------------------~---~--------·------------~--------------~ Ct:"!tiiii 

Net Working Capital ;n v;v~iss 

¥ur . 

:~~rent 1!5!~! & 
P.:co:~:s rtt:eiviClE 
!nYe~:o:; 1~: a=terials 
Er.cr;"i 
St;a·e: • 
~Jr( i~ prc~res; 

Finis~fd ~ro;!~cts 

i:asb 1;i llinif • • • 
iGtai turre.it assets 
C1rre~t iiabi;ities and 
tk::a~~:; pavib!e .. 

..... 1::i-i::-:; :a~::c:, 
ljc;• J:;ri'.::i; :::it:!, 

-··· ..... ~l:pe .,;~ 

!:ca! 
f:Jn:;:: 

ec!c 

74 
64 
~ 

JoC 
6 

!•! 
15 

27 

. .. .;..., _._._u 

4.9 
4.3 

!.(\ 

12.fr 
24.li 

•T ~ .......... 

S!U.le1 
ST.OC.C: 
&.iFFJ 

m, .. ;.HI 
~.i}'.N 

:s~.s~s 

44.-:•5\i 
!293.2~ 

!~3.!S3 

---------------
!!~S.•i4-:-

! ; ~s. ;~{· 

:;:.4~&. 

m.e(•4 

)cC.22~ aas.m 
&2.6(1(- m.v-:-v 
&.ii:ifr f}.000 

4~fr.C--~ 00.Ct'lti 
u.w~ o.oc.u 

2!4.~~5 :Wi.558 
46.vSE 49.(i!l 

1513.m !!!43.775 

2(•!.:9e 2b~.1e;e 

--------------- ---------------
~~·~ "'!=~ 
• .1 ..... --· !~~e.OD7 
•~4! •. f ~ 

~~S.tlC ''I·-; .. 

~i:~. !:j~ 1S4.!&9 
tlt.!'~ t43.956 

Annex XIII.1.1 

as~.!~: 
tlC ·v· ...... ,..· ... '\. 

u. fi~:o 
.m.~·~ 

;"t :'"!t•·"t ..... ,,,._: 

:.;:!.~== 
·~-~)71 

!l'I": •-:e •• .•• 1 •• 

:t: . ~::'.E 
---------------

• r1: : . ., "! ·'"'' '-'• .... 
(·.".<·0 

;Jt. !·:·; 
.. c~ :~: 
....... : ... 11. 

------------------------------------------------------------------------------------------------------------------------------------
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iORIIIG CAPITAL REQUIIEJIEIT 
(llalaysia) 

Annex XIII.1.2 

---~----------------------------------------------------------------------------- Ca!Fil i.l - ~t!! - c:1~ iersion. ell23 -----

Ket Working Capital~ ~a~~ 

Year ••••• 
im 

Cenra;e . . . !de :::t:; 

~urreat assets ' 
lcco11ts receiYable 71 u m.m m.m m.m m.m 
I1ve1torJ aa: 1aterials . u u 5Ull u.m m.m m.m 
Eaern . . . . ~ Q.QO~ a.m E.OOC ~.:~c 

Spares . . . . . . m u m.m m.m m.m m.m 
i::rt ia proqress . . .. G.iiiiD G.OGG ~.m u~: 

finis•e: prc:tcts ;~ 12.U m.n: m.m m.m m.m 
cu• ill bd 

., iu n.m !s.m !E.011 1u:: . . . . .. 
Tc:al c,rreat assets . . m;.m ms.m ms.m ms.m 
~liIIHt liabilities an: 
l•c:iuats peyaole . . a 12.S m.m l~l.!De 2:1.j:: ,.,, ·~~ 

~·' ........ 
--------------- --------------- --------------- ---------------

IEt 1crting c1pital .••. m.m ma.m :m.m ~m.:H 

!~crease is 1criil; Cipital m.m m.m m.m ~.m 

i:t 1crtin~ ca;ital. h:al :JS.m m.m !lS.C21 m.~~: 

let 1criin; =apital. !:r::;n . m.m m.m ~25 .. !E~ m.it· 

-----------------------------·------------------------------------------------------------------------------------------------------

• 

• 

• 

• 



• 

---------------------------------------------------------------------------------- CO"FA~ 2.1 - FEAS - Dt10 Yer,ion, D132J --·-· 

Total lnitia~ fr.-.estment iii or•OUSI 

~ear · • ' ' . ' . ' . ' 
Fi:e~ i~vest~e~t costs 
Lar.d, site pr!oarahon, dt\•tlcpaent 
S~;\~i~;s ar.t tlYl\ woris , , , , , 
Allxiha.rr anj sen·ice hcillties • 
lncoroorated fittd 1sstts •• 
?la~t 1a~~intrv and equipaent 

Tctal fi:Pd investDent costs •• 

Fre-~roduction capital e~otnditures. 
~!t •Qrkinq capita! ••••• 

l;tai :n:tial invtstaent costs • 

\q61. I 

0.009 
o.ooo 
0.000 
o.~ov 

0.0~0 

o.ooo 

o.oot· 
0.030 

~.ooci 

0.000 

1~91?.~ 

1),0CO 
b0t), OvO 

t\000 
o.oeio 

14(,2. 00~· 

:os~.ooo 

i7!9.?U~ 

(•.000 

4Btil.78~ 

78.~q: 

1990.1 

o.ooo 
2040.000 

O. OC•O 
o.ooo 

4SSB.OOO 

~598.000 

2956. 458 
0.000 

9554.457 

63.067 

1990.Z 

0.001) 
2i:i4~l. 1)00 

0.000 
o.ooo 

4558.000 

6598.000 

~~43.B25 
o.ooo 

acm.825 

59,632 

1991.1 

o.ooo 
:359.000 

o.ooo 
o.ooo 

2452.000 

3811.000 

165v.605 
o.ooo 

5461. 605 

64. 7l'5 

• 

199 .. 2 

O. O<JO 
630,0(10 

o.ooo 
O.MO 

1050.000 

mo.ooo 

1746. 720 
o.ooo 

3476.720 

74.044 
o~ &t foreign, lll l •••••••• 
----------------------·-------------------------------~----------~"·-----···-· ------------------------------------------··------------------------· 

FO~~IC ACID · THAILAND ••• 24.8.88, J" 

~ 
...... -· &' =:; ...... 

~~ ., 
I' ...... 

e~ 

i 
t' 
1::1 

~ 
.... .... .... .... 
• 
N . ..... 

..... ..... 
"" 



Total Initial Investment in uuC USS 

'i~u ................ 1989.1 ins.2 1990.l 1990. 2 1991.1 1991.2 

!i~ed investaent •~sts 
~ind. site prepa!ation. developaent O.ObO u.ooo 0.000 0.000 0.000 0.000 
iuil~ings and civil worts ••••. 0.000 m.~oc 2594.000 2594.000 1729.000 86UOO 
Auxili1ry and ser~i:e fa~ilities 0.000 ~.OOu 0.000 0.000 0.000 0.000 
Incor~~rated fixed assets .•... C.000 0.000 0.000 0.000 0.000 0.000 
Plant 11cbinery and equip1ent • . • uoo 1384.000 4597 .000 4597.000 2325.000 9U.OOO 

--------------- ---------·-··-- ------------·-· ··-············ ............... .....•.•....... 
T~tal f ixe~ investaent :osts • • . • 0.000 m9.ooo Hn.ooo 7191. 000 4054.000 1806. 000 

P:e-~rocucticn capital expenditures. 0.000 2397.300 2636.610 2116.050 1592.165 !607.115 
!et •crtin9 :apital ........ 0.000 o.ooc 0.000 0.000 o.ooo 0.000 

--------------- --------------- -----------·-·· --------------- -···-·········· ··-············ 
?otal initi1l in?e$~1e~t costs •.. 0.900 4646. JOO 9127.610 9307.050 5646. S65 3413.115 

~f it fc:ei9r.. in \ ...... " . 0.000 71.ElO 54. 506 51.008 57.160 67.128 
-----------------------------------------------------------·-------------------------------------------------------------------------------------

FORMIC ACID - MALAYSIA --- 26/8/1918. j1 

• • 

~ ... ..... 
SM ., ... ........ ., ,.. 
t< t"' 
Ill ... .... !!.= 
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SOURCE OF FDllfCillG, COllSTRUCTIOll 
(Thailand} 

Annex XIII. J .1. · 

Source of Finance, construction·· ~6i 
· CC!!:l! i.1 - rElS 

fear ·····••··•···· !lE'i.l 195~.2 i;Yt-. i l91i·.:t !9Y!. I ~~l.2 

[quih", crc!iu~;· e.~ ss1a.c.-JV &.=~~~ (':.("(;;; u.OC-J ~- ..... v .. 
V'••~'" 

Eqoiit7, i;refere::e. O.U-X· e.o.~ ~- li!:-:· ~.V.:t· f.OCiG ·J.~}f~ 
Sutisi~ies, qra~t= . '• ,.,.,r. e.G&::O C·.~C?t:• t: .. %1! ~-~~"t i.' _.,, ..... "'•\;,.,. 

..... J\, 

Lei:; 11, foreiqn . G.~~'l~ 3o;;S.h!I! ~~~~.\;'\"} H!U~~ '.:"ii:Z.O<Xt ~~3~.~ 
lea:: 5, fareiq:; .• fi.l}(n; ~ ,.,,.,_,. Cr ;i.; .. -. t:.c .. ;-e ti.~t: li.~11,.r,: '1.t'"'-.-.. .., .... 
lca.i ' f;;reigr. . f•.OCv ~.oo-; ~-Of:!j .:.w.- ~.c..:.i; ~.OCf .. 
laio": A, ioca! .... ;i.00') 3~2.0W !~~~.t;.;t l•t•3.~j+j m.oc~ li.W-1 
lea;~ ~. iotc! •••• t~. i..f..rr.~~ \;.(il'JI:· u.:·:i::- ti.~;~ e.&~ ~.o-:~ 
l11an !'.. i!lti! •••• c.e::o e.eo~· ·j.JU-.} e.~-oo t:.C~ '1.&eie -------------- -------------- ------------ --------------- -------------- ---------

Toti: !~in .......... v.dw 4CtC7.00~ 12e~.etv ;:;2~.w.- !334.&00 m2.00& 

~r:-e:it liat: l iti2: (!.~j ~.OM :~.~) ~.00(: 6.0C-6 i1.0Co{· 
!a:1t ove~dr:lH v.wJ v.GOO (.t}~· ti.C~ e.o-JI.: 3*.313 

-------------- ------------- ------------- ------------ ------------ -----------
fatal funds ....... ii.OC·~ 12~45.tl(I\} 7"'-~ •-;;-a.\.J•IJ'Wy 

f, ."'t., ~ .. ,,,.,, .. ,., ... ""•• 3!!4.0~,;,) ~73~.!13 

----·---------------------------------------------------------------·-------------------------------------------------------
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SOUlCE OF FUlllClllG, COllSTIUCTIOll 
(lldaysia) 

Source of Finance. construction i1 iH ISS 

iH? .............. mu mu mu ~Ui.2 

Eititf. or!iuq .. !.!C~ m17.m UH !.IH 
~"lit!. preferea:e. f.Hu 1.m i.m I.Ill 
51ni4ies. gruts . UIO !.m UH !.HO 

~u 1 . f • • oreip • &.IS~ nn.m sm.m cm.111 
L;u I. fmi;; .• UH a.m 1.m UH 
I.ea: c. foreip . ~.He e.m I.HQ I.II& 
~u l. locd .•.• UE~ m.m m~.m 117~.,ee 
Leu I. bed .•.. U.!G~ !.!~f f.m ~.leE 
L:u c. luta! .... U!I! ~.m 1.m !.E!~ 

---------·----- --------------- --------------- ---------------
?:tai loe ........ ~.m !11] .. ~~~ m&.m mv.m 

C1rreat liabili:ies ~.M!.!?: u:~ U!~ fi.m 
Int onr~nft . . . .. e 'iR!'I ..... ~-G~C II ~~!\ ... ., .. c.m 

--------------- --------------- --------------- ---------------
!:tal fuds ....... G.~j: !t:i~.3~~ muuc m~.m 

Annex IIII.l.2 

rr..:•• -: t • 
~~ .... II:" -·. 

,,,. ' ......... 
;.HI 
UH 
UH 

2m.m 
i.U: 
I.lie 

m.m 
e.$1f 
u;e 

mL: 

§.i~~ 

&.lit 
s.m 

rm.m . ·~-
c.-..~ 

G.m 
5.a:G 
E.m 
U~c 

--------------- ---------------
111~ .;~e mu~~ 

:.~~~ Q.~J~ . 
25~.!~! .. ~:.:~ 

--------------- ---------------
l~·~ ~· .. -··-··"· mu~: 

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

• 

• 
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--------·-----------------------·----------------------------------·-------------- CO"~~R ~.l - ~E~S - DP1e Vtrsion, 0 

Total Productiori Costs in OOC' USt 

}(II~ 

: cf :-:~a. 'a;:u~:tr !rn:;h ;iroducO. 
Ra1 1ater11! ! ... 
Othtr ra1 1a!tr11ls 
Utihtm .. 
E:ier9l· •••• 
labour, dirtct •••• 
Rtpair, za1:itenance 
S;iares • • • . • 
Factory cvt~htads 

1c;n 

O.OuO 
497.~00 

151. 000 
8~. 5<•0 

49~.500 

~B.000 
361. soo 
490.000 
24.(100 

l :i~· . , 
O.utlO 

692. 5(11) 
~ll. 40•1 
I lq, 7(10 
695.101) 
99.0N' 

409.701) 
490.00(1 
24.1)0(• 

JC?H 

I), \)(II) 

97~.ooo 

302.000 
171.000 
'93.000 
98.000 
49~.600 

490.000 
~4.vOO 

ms 

!).~iii) 

975. •)00 
302.000 
171. 000 
993, t'OO 
98,(100 

482.000 
490.000 
24.000 

1996 

o.ooo 
975.000 
302. O•)O 
I 7l. 000 
9'13.000 

1c.97 

o.ooo 
97'.000 
30Z.OOO 
171.01)0 
993.000 

• • 

1~98 

~.ooo 

975.000 
302.000 
111.000 
993.000 

f'Jctorv c:osh 
Ad1in1strat1\t ~vtrhtads • 

--------------- -------------··- --------------- -----------·-·· --------------- ·----------- ···----·-------2194.000 
Bl. 700 

180.225 
J36.3SO 

1962.271 
l7S7.(160 

2730.400 
83, 700 

246. 715 
190.890 
196=.~n 
l75l, (16(• 

3Sl5.000 
83.700 

346.450 
272.700 

1962. 277 
1757,060 

98,000 
482.0(10 
490.000 
24.000 

98. 0(•0 
48~. 00(• 
490.000 
24.000 

'9.000 
482.000 
490.000 
24.000 

lndir. :~sts, Silts and distribution 
~irtct costs, Slits and ~istr:bution 
~t11rtcut1on 

Fi:ianc:1l cost~ •••• 

Total ~r.,~~-t::n costs •• 

Costs~·~ un:t ! s1n9le ~rl~utt I • 
Of it f~tiqn, ~ • 
~f !~ YJ~IJ~i!.t • 
Total I ~~c;;:r 

--------------- --------------- -----····· ------
6313.612 6071. 042 ~957.m 

3535.000 
83.700 

346.450 
272. 700 

1962. 277 
1716. 58(1 

·-··--···--·--· 
7916.707 

3535.000 
BZ.700 

346,450 
272.700 

1962. 277 
1676, 100 

--···-······-·· 

o.ooo 
53.301 

····==·=·=····· ············=·· ............... ............... . ............. . 
7876.227 

:6.Ct3~ 
I :s. •:Oi· 

0.0(1') 
49.~26 

:l.·~;.'e 

1~;.o.:·t" 

C·.O~O 
44.7~3 

H.31\i 
! :s. 0(•0 

o.ooc 
45.0~2 
41. s::2 

138. 01)(1 

('.006 
45.253 
4U~S 
1~8.M•) 

-------------------------------------------------·--------------·-···-····--·----------·-------------------~---······-···-···· 
FO~ftlC ACID - iMAILAND •· 

3535.000 
83.700 

346.450 
272. 70ti 

m2.2n 
1635.620 

···········-
1p;5,747 

3535.000 
83. 700 

l46, 4SO 
~n. 100 

1962. 277 
ms.1•0 

·····-········· 
7795. 267 

,........... ............... . .. , 
0.0•)0 

4S,487 
41.9SJ 

DB.060 

o.ooo 
45.723 
42.169 

l!.8.0~(1 

·····-····-························ 

~ 
i 

~ 
~ ., .... .... 
l -
I ... 

r 
~ ... .... .... .... 
• .. 
• ... 

... ... 
IO 



---------------------------------------------------------------------------------·· !.Ur'lrilK ~.I - ~~AS - Dt10 \ltrsicn, D 

Total Production Costs in 000 OSI 

Yt1r .•..• , ... , .• , , • , t•m 2!)(1<; ~l'(· l =(··)~ Zt.'C-~ 2004 2(105 2'"'~ 

? ~f r.:ic. :•~•:1tv :s1~qle or~ductl. 0.00(1 ci.or·:: •\ l'')l'• 1),(101) 1),(10(1 o.ooo o.ooo O.Cl<JO 

Ri• 1•ttr1~! l ••.••••.••• 975.000 ~7S. OOC• o'~· !)t;(• ~75.000 975.000 975.000 '75.000 975.000 

Othtr Tl• 11ttr1als ..... ' ' . 302.00t\ 3(12.000 3QZ.v•.'".I 302.000 302, OOv 302.000 302.0CIO 302.000 

Uhlihts ••••••• t ••••• 171.000 m.ooo 171. 0% 11I.000 171.0CIO 111.000 171. 000 171. MO 

En.,-,y • • . • • • • • • , , • • • . 993.000 993.000 ?93.000 993. 0°)0 993.000 993. 000 993,000 993.000 

l•bour, ~irtct ••..•.•• , • , 9B.Ol)0 q9,(11)1) 9Q, t)I~~ 98.•)00 98.0N 98.000 98.(100 118.000 

Rtp•1r, Lll~!tnanct ........ 482. 0(•0 4B2. (I•)•) 482. l)t)·~ m.~•)O 422.(101) 492.000 u~.ooo 482,Q()C• 

Sparn .... Ill •••••• ' ••• 490.MO n•:i.~'OO 4Q(', (I•)\' 4?~. (1(1(1 49'), (l()(o 491),000 4'0.000 m1,01'.iO 

Factor~ o•tr~tads . . . . . . . . ' 24.000 :4, 1)0\) :4. Ml) 24.000 ~4.0M ~4.0~0 24.000 24.000 

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

f~::tcr• r:nts . ' . ' .. ' .... J5l5.000 :.5~5.t)t)(I 1515.1\(1·~ 1~35,0C•C· m5.c100 35~~. 000 35~5.~\00 3~jS, MtO 

Ad1:r.1s~r•t1\t ~\•~~•13s ••••.• 8:.100 8~. ]Qt; ~~f ~···(· 9~ .. ?(•C· 81.7('1) 83.700 8'3. 700 e:. 7•)C· 

ln~1r. t:\ti, !1:es 1~~ d:itr:~u~ion 346.450 ;'4~. 4~(: 7.H.45.:· m.4~:· 341:. 4~,I) !H.450 m •. 4~o ~46, 45•) 

~ir!::t •••~•. s1l!S 1"= ~;s~ribut1:n ~72. 71)0 272, 7C•t) ~;:' '!',•'• ~:~.1r .. : m.1M ~72. 100 ~n.WJ m.~i:·v 

~t?rtc:•t~:~ . , ...•.. , .•. m~.m mz. zn 1~-~ ~·~ iqt.i.m 1~62. 28t) 910.8\0 910. 819 911).m . ..... 
Finanta! ::::~• . . ' ..... ' . 1554. b6l~ 1514.180 J•13. ;1;~· !7-79.13:) i:e4.559 I \8~.981! 11:s.eoe 108 I. 9<1& 

-............ -----------·-·· ..................... .... .... .. ... .. ....... .......... ...... ...... ··-············ ................. 

TatJ! ~re~~:~~:~ :es!1 ....... ]754.787 7714. ~07 7ff .. 8~b 7~7 1U56 7&84.689 637-8.657 6~84.56/ 62J0,484 

:::11a::1sa1 1'1'91SISll''IZl••I s:a:::1:11111a1:11a 1'111'11&11tl8S• ... ., ........... ,. ........ ............... . .............. 
Cos~s ~tr ~r.1t I s:~;!t :r:>4~ct I . o.ooo o.ooo o.•)OO o. 00(1 (),MO o.ooo o.ooo o.or,~ 

Of 1 ! for'~;=", : , , , , , , , • , .. 45.;'62 46.203 U.447 46.313 46.175 41. 247 40. 741 40.227 

Qf it ~•r:i~le.~ • ........ 42.J89 42.bll 42.876 43.37') n.~18 51. 859 52.305 ~2.759 

Totii l•bc~r - - - . .. 138.000 118. OC·•~ : ~a.!)•:•) I ~~.060 1~.ft.(1(:0 m.ooo m.c000 136.NJO 

-----------------------------------------------------------------------------------· -------------------~------.. -- ---------····------------·--···········----·· FDA"IC ACID • THAILAND ·•• ; 

• • • 
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------······------------------------------------------------···-········-·····-··· COKFAl 2.1 • FEAS - DtlO Version. Dl323 ••••• 

Total Production Costs in 000 USS 

1·e1r ............•••• 1992 1 !93 1994 1995 1996 1'97 1'91 

'of 101. e1p1eity isin;le product!. 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

lit lltttill ~ ••.••.••••. 105.000 m.ooo &10.000 610.000 610 '000 610.000 610. 000 

~tber r•• 11ttri1ls .....•.. 151.000 m.4oo m.ooo 302.000 302.000 302.000 >02.000 

Utilitits ............. 372.500 521.SOG 145.000 lU.000 745.000 H5.000 H5.000 

l1er;1 . . . . • . . •.••.••. S0.500 769.lOO 1099.000 1099. 000 1099 .000 1099' 000 1099.000 

Labour. dirt:t ••••.•.••.• 125.000 125.GOG lH.000 us. 000 125 .000 m.ooo 125 .000 • 
lep1ir. 11i1te111:e ••.••••• m.ooo 336.iOO 396.000 396.000 396.000 m.ooo JH.000 

s Spues .............. 300.000 300.0GO 300.000 300.000 300.000 m.ooo 300.000 

F1ctor1 01erbe1ds • . • • • • . . • S.200 5.lOO ;.200 5.200 s.200 5.200 5.200 

······-········ ....•.......... ............... ··············· ··············· ·•······•·•· ···•······•··•· .... 

Factory costs . • • • . • • • • • • 2'115.100 2696.000 3512.200 m2.200 1m.200 nu.200 3512 .200 i 

ld1i1istr1ti1e oferbeads •••••• 11. 500 17. soo 17. 500 n.5oo 17.HO 17. 500 17 '500 a 
ladir. :osts. sales 11d di1trib1tio1 u. 500 101.100 lU.000 lU.000 lU.000 10.000 141.000 !I 
Direct cests. silts 114 di1trib1tion 

235.200 
.... 

117.600 lU.UO 235.200 235.200 235.200 235. 200 en ..., 

Depreci1tio1 .•••.•••.••. Ull.166 1911.166 1911.lU 1911.166 1911.lH lHl.lU 1911.1'6 - .... 

Fi111:i1l cests . • • • • • . • • . lU0.1'0 1650.1'0 U06.420 1562.0IO 1511.HO 1413.400 1429. 060 ' .... 
............... ............... ............... ...•..•..•...•• ··············· ············ ··············· ~ 

Tot1l prc41ctio1 c~sts •.••••• Ul0.12' &US.166 7647.06 7603.lU 7§51.106 7514.466 1410' 126 Ill .... 
••••••••••••••• ••••••••••••••• ••••••••••••••• ••••••••••••••• • •••••••••••••• ••••••••••••• • •••••••••••••• ., -

Costs pt? 1ait 1 si19le pr,d1:t I . 0.000 0.000 0.000 o.ooo 0.000 o.ooo o.ooo I 

Of it f orti~a. ' . . • . . . •.•• ti.m H.ilO )9. 466 39.696 39.929 40' 164 40. 403 ... 
Cf it '1ri1blt.\ •••••••••• 2l.SU l4. i3S tJ.442 u. n5 o.m U.211 U.413 

ToUl hbQar .••.•••..••• 170.000 110. o~~ 170. 000 m.ooo m.ooo 110.000 110 .ooo 

---------------------------·----------······················································································································· E' 
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····························•·····•·············•············•·········· ·•••••••••••••••••••••• COKPll 2.1 • P!lS • DtlO Yersion, DI 

Total Production Costs ii 000 USS 

Te•r . . . . . . . . . . . . . . . . UH 2000 2001 2002 2003 2004 20U 2006 

\of 101. :1,1citJ 11i19lt pro4•ctl. 0.000 0.000 0.000 o.ooo 0.000 o.ooo o.ooo 0.000 
la• 1attri1l 1 •.••..••••• U0.000 610.000 610.000 il0.000 no.ooo 610 .ooo m.ooo uo.ooo 
Otbtr r11 11t1ri1l1 •..••••• 302.000 302.HO 302 .000 302.000 302.000 l02 .000 302 '000 302.000 
UtilitiH ••.••.••••••. 745.000 70.000 m.ooo 145.000 70.000 145.000 145.000 145.000 
l11r91 ..•••..•..••••• 1099.000 1099.000 1099.000 1099.000 1099. ODO mt.ODO 1m.ooo lDtt.000 
Ltbo•r. direct ••.••.••.•• lU.000 125.000 125.000 lH.000 m.ooo 1u.ooo m.ooo m.ooo .. 
l1p1ir. 11i1t1111c1 •••.•••• lH.000 m.ooo m.ooo 396.000 m.ooo m.ooo m.ooo m.ooo 

~ Spun .............. 300.000 300.000 300.000 300.000 300.000 300.000 300.000 300.0GO 
fact:rt Ottrbtldl . , • • • • • • • 5.200 5.200 uoo 5.2GO 5.200 5.200 s.m S.200 

M ....••..... •..•.•..•.•.... . .•.....••••... .......... ....•...... .....•....••..• ..•••........•. . .......•...... i 
ra:t~ry costs • • • • • • • • • • • ma.200 JSU.200 3512.200 3512. 200 mz.m m2.200 3m.m m2.200 
l~1i1istr1titt ottrb11ds •••••• n. 500 17.500 17 '500 17. 500 17.500 17. 500 n.soo 17' 500 B 
tadir. :osts. salts 114 ~i1tribvtio1 lU.000 JU.000 10.000 lU.000 m.ooo 10.000 lU.000 10.000 

en ... ~ 

Direct :osts. salts 11d distribvtioa m.200 m.200 235.200 235.200 m.200 23S. 200 m.200 235.200 
en N 

N 

D1preci1tio1 •.••..•••... lHl.lH 1911.166 1911.166 19U.1H 1911'160 Ut.132 "'·132 to.u> -f 
Fi111ci1l t~sts . • • • . • • • • • 1314.720 1)40.3'0 me.o•o 1m.m 1110.171 1012.m 10u.m tn.m .... 

........... ............... . .............. ·····•·•·• ........••. ............... ............... . .............. ~ 
total ,rc41:tio1 costs ••••••• H2Uli '311.Ui 1331.106 12u.n2 7151. 131 6065.209 6016.tU 5HU22 

Ill .... .. 
••••••••••• ••••••••••••••• • •••••••••••••• ......... ........... ............... . ............. , ............... -

Costs ~er vait 1 sia;le pr:~vct I 0.000 0.000 0.000 0.000 0.000 0.000 0.000 o.ooo 
Of it !orti91. ' •••..••••. 40.iU •o.m U.135 40.9H 40 .no n.73' n.m u.n6 • 
Of it t1tiable., .•.••.••.• •Ult U.001 U.219 u.m 46.02 54.715 55.21' ss.m 
Tot1l l•b~ur •.......••.• m.ooo 170.00C m.ooo 170.000 110.000 110.000 170.000 m.ooo 

····-···--·-··--························-·········································· ··········································································· ( 
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---------------------------·--·····--·····---·--·········-···········-············· CO"F~~ ~.! • FE~~ · D!•t' Ytrtlon, D\l23 ••••• 

C a sh f 1 ow t ab 1 es , p r o d u c t i on i r. 0:•)\I ll~, 
1'116 '"' 

~fif .. ' . ' • 

T~t1! :1s' ir.ilo• 

~1ni~c11I r11cur:t1 • 
Silts. nt~ of tl' •• 

T~t1! c11h ~utf\o• • , 

ict•l 111tt1 •••• 
Co1r1tin9 co1t1 ••• 
Cc't of h111nc1 ••• 
r.tp1y11n\ 
Corpt1nt1 ~11 
Ou1tt:1~1 p1it 

Surol11• ! ~1hc1t l • 
Cu1ul1~ed ~11~ b1l1nct 

l~flo-, l't•l •••• 
0-utfl~•. local •••• 
)urolus ! dtf1c1t ! • 
lrflc•, fort19n ••• 
:>utfl~•. fore19n ••• 
S~r~ius I dtl1c1t ) , 

19'2 1~4?~ 
,~,, !n5 

6219.U.4 b2\Cl.H4 nn. 7t-4 
nq6,S4l o284.2H 

--------------- ·-------------- --------------- ··-············ ------~---····· ·-···-····-···· o.ooo 
6219.764 

~2U.069 

64.512 
~21'·'64 

o.oo~ 

6219.764 
o.ooo 

6219,7U 158.18S 
3109.882 

·~· t)09 
4l5l. &!·• 

6265,950 6225. 470 
5228.984 6677. 2lB 6306.4=-0 

--------------- ·-------------- --············· ···········••·· ········-······ ···········•··· 5644.563 

l~<i.329 
42l7.850 
m1.060 

o.ooo 
4237.850 
1716.580 

o.ooo 
4237.SSO 
m1>.100 

o.ooo 
4237.850 
1635.620 

1'293.£21 
25'4.275 
1757.(160 

o.ooo 
o.c-oo 
0.0{\~ 

·23U. '93 
·!176. 883 

\407.173 
2981.052 

-15n.e1' 
1860.8'16 
2663.510 
·8~2.614 

'220.WI 
3251.705 
!757.060 

o.ooo 
o.ooo 
O.M(l 

·832.142 
·4009.025 

1824. •M 
3097.891 

·1263.48' 
2572.441 
2141.0'13 
rn.Wl 

352.000 
o.ooo 
o.o~~ 

.3,2.m 
·4401. 981> 

21>09.~40 
4401>.629 
·1791.~89 
1i75.0~7 
2270.1>10 
!404.427 

352.000 
o.ooo 
o.eioo 

·86,6U 
·4488.652 

2547.2~5 
40U.170 

-ma.9o'5 
3672.500 
2240.UO 
1432.240 

352.000 
ei.ooo 
o.ooo 

·46.186 
·4534.937 

2S47.265 
4025.1>90 

.1479, 425 
~&72.SM 
2240.21>0 
1432.240 

352.000 
o.ooo 
o.ooo 

·5.706 
·4540.543 

2547.265 
3985.210 

·1437. 945 
3672.500 
2240. U'' 
1432.240 

1981.'15 
-21749.680 

19118 

m•.7•4 
···-········ .. 

~.ooo 

m•.7'4 
6184,9'0 

... ········ .. 
o.ooo 

4237.850 
1595. 140 
352.000 

o.ooo 
o.ooo 

34.774 
·4505.769 

2547. 265 
~944, 730 

·1397. 4'5 
3'12.W> 
2240,a'i 
!H2.240 

1981.~I~ 
·19767.aO 

!tit Cl\h!IO• , , . , , 
~~111l1te~ net c11hflow 

·619.433 
·1•)336.'30 

924.91' 
·2'141l.520 

IHb.098 
-2n95.420 

198\ ''15 
-257\3. 500 

1981. 915 
·23731.590 

·----------·-·······················-········································"······································-·········~·-··············· FOR"IC ACID • TMAILAND ••• 24,8.88, J" 
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-------------------------------------·------·--------------···----·-······----···· COMFAP 2.! • F£AS • Dt•o V1r1lcn, I 

Cashflow t.abllll'•· production tn 000 l·Sf 

'r1r , , . • . . •.. m9 20t'(' :1)M ~(1(1~ :003 2004 200~ 2006 

!o!JI :J\~ 1rf :~• • ~:?H.~:4 ~21~.'.164 b~l4', '64 11~1,.m ~i!9.7t4 11219. 7H b~l9. 7r,4 6219.W 
--·---------- ------------·-- --------------- ---------~----- ------·-·------ ·---·-··- ··········-···· ··•··•·····•••• 

f:r.•~c:1i rtsowrcts • O.COt) 0.0(10 ·.~. l)t-(1 o.ooo o.ooo o.ooo O.OOCI o.ooo 
si:e5, ~et ~i t11 .• 6219.764 n19.764 6219. 764 6219.764 6219.764 mq, n• 6219.764 6219. 764 

T3t.: CiS~ c~tflc• •. ~144.5!0 6104.0lO 68H.270 6741.699 6647.129 6~00.5~9 61U.4U 6092. 377 g 
--·--·------- --------------- --------------- ------··------- --------------- .....•••. ····"·········· ............... Cit • r:til nut! 0.000 0.000 o. 1)0(1 o.ooo 0,001) o.ooo O.QOO o.ooo I .... 

§ Dpfrit1~9 costs .•• 4237.85(1 42l7.850 4Z37. 85t) 4=:,,8so 4m.85o 423,,850 42~7.8SO 4237.8SO 
Cost cf hnuct ••• 1554.UO 1514. !BO 1473. ?C·~ 1379.13Ci 1284.559 1189.989 1135.898 1081.BOll 
Rrpnarnt 352.000 352.000 1m.120 1124.720 1124. 720 772. 720 772. 720 772.720 ... ..... 

~= Cwpi>ritt tu ... 0.0011 o.ooo o.ooo 0.000 o.ooo o.ooo o.ooo o.ooo 
D:vt~•~~s ~•i~ ••. 0.000 (1.000 0.000 0,0(10 (1,(11)0 o.ooo o.ooo o.ooo e:. 6 ... .... - ..., 

!! .. 
Sur~l~s I dtf:cit l 75.254 115.734 -1116.505 -m.935 ·427.365 19. 206 73.296 127.387 
C~•~!Jtt~ tl!h b1l1ncr -4431).5!4 ·4314.780 -49~1. 295 ·5453.2N -5880.585 ·5861. H9 ·5788.083 ·5660.6U 

~ l:iHo•, ~Dtil ~47.2115 i~47.2£5 2547,26~ 2547.265 2547.265 2547.265 2547.2'5 2547.265 .... .... 
~;,:Ulo•, liial •..• J904.25t) 3963. 770 ~023.~90 3782.810 3742.m• 3349,850 3349.850 3349,850 i 
Sur~~ij' t dtiicit : -13511.985 -1316.505 ·1276,()25 ·1235.545 ·1195.065 ·802.585 ·802.585 ·802.585 I 
!ll'lCw, b~ti9n . . . 31172.500 3672.500 3672. 51.'0 ~672. 500 3672.500 3672.500 3672. 500 3672.500 • 
J-Jt~l(M, 'crt;qn , •• 224t),W) 2240.2110 3012.990 2958.891) 29C•4, 799 28,0.708 2796.618 2742.528 
su~~i~! i :!f1:1t ! . m2.mi 1432.241) 65?.~2(> 713.olO 7117. 700 821. 791 875.881 929,972 

~~t =~·~;lt• ..... 1981.915 1981. 915 1m31~. 1981.915 1981. 'II' 1981. 915 1981. 915 1981.91~ i 
t~•~litt: ~'~ :1s~fio• -?1785.85(1 ·15903,9~\I -1 Je:~. •):•~ ··11840.11~ ·9858.191 -7876.m ·5194.362 ·3912. 448 

= ----··-----------------·-··---··--·---··-----------------------····"·----·-·-··-··········----···-········ ·······-······································· " .... .... .... 
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•··•········•••····••••••••·•••••••··••••••••••••••••••··••••••••••••••••••••••••• COKPlP. 2.1 • FllS • 0110 Y1r1lon. 0132' ••••• 

Cashflow tables, production in 000 USS 

Ye1r .••.••••. 1992 199) nu 1995 19'6 1m 1991 

To~al e1sb i1f lo1 .• HH.600 nn. 900 6743.250 6672.000 m2.ooo 6672.000 6612 .000 ·······-·····-· ···-··········· ............... ............... ....•.....•...• ···········-··· ............ 
Fi111ci1l reso1rcfs • m.600 47. 500 71. 250 0.000 o.ooo o.coo 0.000 Siles. aet cf tll •. 333,,0H mo.uo '672.000 6672.000 m2.ooo 6&~2.000 6'72.000 

Tot1l c1sb outf lo• • • 5120.341 5317.660 6443.610 6051. 380 6014.040 5Ut. l00 ms.m ·-············· ·············-~ ............... ............... ........•••..•• . ....••..••••.. . ........... g T~tal assets . • . • 1077. 717 221.260 340.190 o.ooo 0.000 0.000 0.000 Cit 
Oper1ti19 ccsts ••• 2m.100 3056.HO 4052. 900 f052. 900 40U.900 4052.toO 4052. 900 • I Cost ~f f i111ce • . • 1650. 760 1650. 760 160,, 420 1562.0IO 1517.740 Ull.400 1429.060 § ltplfltllt ..... O.ot, 40.400 Ul.400 Ul.400 443.400 443.400 443.400 Cuponte m: . . . 0.000 0.000 0.000 o.ooo o.ooo 0.000 0.000 .. 
Divideads paid . • • 0.000 0.000 0.000 0.000 0.000 o.ooo 0.000 Li= 

S1rpl1s i deficit I ·lUS.141 ·659.7&0 299.640 613.620 m.uo 702.300 746.UO 
:~ ... 
"4 • N 
Ill Vt c~11lated c1sb b1l11ce ·1111.UI ·2531.Ul ·2231.007 ·UH.m ·966.m ·2U.U7 u2.m .... .,, 
~~ I1flo1. loc1l •••• 2061. 7'7 2733.767 ltol.650 3140. 000 3140.000 3140.000 3140.000 Outf 101. loc1l •••• JOU.Ill 3620.633 4571.150 4223.020 4111.610 4134.340 tot0.000 ... S1rpl1s i deiicit I ·917 .054 -au.m ·669.500 ·313.0lO ·lll.UO ·294.3U ·250.000 i I1flo1. forti91 ••. 102.lll 1914.lll 2134.600 2132.000 2132.000 2132.000 2132.000 

I 01tflo1. forti91 ••• 2011. 527 1757.027 1165.460 UlS.J60 1135. 360 1135. J60 1135.360 ... Suplus 1 deficit I • ·Ul.693 m.10• 909 .140 996.640 U6. 640 H6. 640 996.UO 

let :~sbf lo• • • • • . 25.012 1434.UO 2349 .460 2619.100 2'19.100 2619.100 2'19.100 

( C111l1ted aet c1sbf lo• ·304U.9H ·29014.590 ·26665.130 ·2tOU.OlO ·21U6.UO ·lllOl.130 ·lUU. llO 
-----------····--------········------·-··············-··············································~----····················· ...... ········· 
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--------------------------------·--·---------·-···-···············-··-········--·- COKFAR 2.1 • Fill • 

Cashflow tables, production ii 000 USS 

Tear •••..•..• 1''9 2000 2001 2002 2003 2004 2005 ~m 

Total cash i1f lo1 • • m2.ooc Ul2.000 6612.000 6612.000 6672.000 m2.m m2.ooo 6612.000 
-·-········ ···········-··· ......•........ .....•.••.•.••• .....•......... --~·········· ............... . ...••....•.••. 

Fi1a1cial resotrces • o.ooo 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

Sales. 1et ~f tll •• m2.ooo 6672.000 6612.000 6612.000 m2.ooo 6612.000 m2.ooo 6612.000 

Total cash 01tf lo1 •. 5111.020 SU6.HO 6m.m 6319.626 mu91 600.013 6019 .037 mo.0&0 
---···---·· ··-············ ......•.•.....• .....•......... •........•.•... ..•••..••.•.. ..•..••..•••..• ··············· 

Total assets • • • • 0.000 uoo 0.000 0.000 o.ooo 0.000 0.000 o.m n 

Operati19 costs • • • to52.900 4052.900 tOS2.900 4052.900 4052.900 4052.900 4052.900 muoo ... 
en 

Cost ~f fi111ce ..• lll4. l20 1340.JIO 1296.040 UOJ.406 1110.m 1062.m lOU.112 96S.UI • I 

lepayaeat ..... Ul.400 uuoo 1133.320 im.m 619. 920 619.920 m.t20 619.920 § 
Corporate tu ... 0.000 0.000 0.000 0.000 0.000 m.m 262.034 211.:,s2 
Oitideads ptid ••. 0.000 0.000 0.00, 0.000 0.000 0.000 0.000 0.000 

iii! 
S1rplus i deficit I no. 9'0 US.320 189.740 m.m 111.409 623.m m.963 m.m ek 
C11ul1ted :1sh balance 12ll.49l ms.au 2m.m mo.m 3399.m 4023. 322 4676.215 sm.226 

111 en .... 
"Cl • N 
Cit 0\ .... .., 

Iaf lc•. local .••• mo.ooo lU0.000 3140.000 3140.000 3140.000 li40. 000 3140.000 3140. 000 
Ill ,. 
-o 

Ottflo1. local ••.• t04S.'60 mt.m mi.m 391U40 3424.900 3667. 616 3616.935 3706.251 ~ S11plas i ~ef icit I -205.660 -161.320 -116. 910 ·72.UO 415.100 m.m m.m 133. 749 

I1flo1. forei91 ••• ~m.ooo 2132.000 lll2.000 m2.ooo 2132.000 4132.000 2132.000 2132.000 
.... 
i 

01tflc1, rei91 •.• 1135.3'0 1135.350 muao 2476.916 me.m mo.m 2332.102 2213.IOI 

S1rplus i deticit I m.uo 99'.640 306. 720 355.014 403.309 451.603 m.m 50.192 
I 

IJll 

let casbf l~• • . . • • 2619.100 2'19.100 2619.100 2619.100 2619.100 2m.m m7.on 2331.141 

Cu11lated aet cas~f 101 -um.no ·lOtS0.530 -am.m ·5712.332 ·3093.232 ·116.149 1640.211 3911.96S 
·---------------------------------------------------------······-········································~································ ·····-~-· ........ I FOlKIC ACID - MALAYSIA •·• 26/1/191 
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l!!nex IIII.6.1 

IET IJICOllE STATDIEllT (Thailand) - l 

------------------------------------------------------··-------------------------- ~~,;~; -: ' ..... ::.t~~-
.;.o. .. ·--

Net Income Statement 

fur • 

S!!es t:x ••••• 

\'riihle ur;i:: 
As % <!f tct&l sai~s 

fi;?erit::~a! aar;tu 
As ! cf tGt&: s;Ies 

~st ~f fi:ii~t:t 

~Huu.icu .. 
!sr13ie ~ttftt • 

let ..... ; .. 
ii• w •• ~ 

~~di!tri~~te~ :~~~:~ 

J:cu;·.;i itf: ~::~! !~ '"! :·..:~:: .... ; ·" 

Ero!: ;r~ftt. l :• "'"" .. .... c. s::~! 

et ll:"'tf: t, ;. ~- :o:a; Si!!: ~ 

~et:, !i1t ;re~ It, 7. ~' ei;;.:! t·; • 
;;;, let ~r:f!t"::::rr:!~. !. :; :~·.·2;:. 

~t'!t ~c~· ...... ··-..:. 

--------------- --------------- --------------- ---------~--- ---------------
~?:::.6~~ 

4:.m 

~~12.=rr: 

:m.m 
4t..Eic 

2m.:;:: 
--------------- --------------- --------------- --------------- ---------------

·lHG.f7: 
·4t. :·:0: 

-~.m 

-i~ • .m 

!757.06~ 

c.m 

1710.:E·: 

l~.63" 

U!~ 

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

Ii .. ;.,y. ...... 

ii.I)-~~ 

-2617.2~~ 

(!.m:~ 

-!:1:r.m 
C•.0-'..10 

-!:r::.m 

-lt9G.94: 
ii.Ci·:· 

-!eYt.94: 
v.¥.~ 

-m~.4c: 

6.~::· 

--------------- --------------- --------------- --------------- ----------------~~ ... ~ ':'-~ 
-.1 • .,, ••• .... 

:}. .-•.;. " 
. ..... .... ,. ..• i:·:: .. :- ~····· J-.;.; .. . . 

-::c. :::: _ ..... ~":' ~.-.. : - •"':.~ <:~:. :i: ·!o5t.•:: ...... ; ·- ... i." . .. ., .... 
-~'."1'T -:e:·:. ":~ - .... e-:-: -· ·-- .... -!~·91!. ;:-: .. ,, .. , __ ........ ~ .. -

... :."'.~ ~<;C -~= "~-~ - ;43 -:;. :c~ -~:.4:! ... _. , __ . : ~- . 
-:t:.3;5 -51. ·u.-;. -:~.~c -17 ..... -26.•Sl ... ... .. .1~; -~(:.Ho;· -~r:·.167 -!~. . ,. -1ir.:c~ 

-4.t59 -~ "77". ....... ·:-.%~ O.tJ:: &.Cro;. 
------------------------------------------------------------------------------------------------------------------------------------

FOR~:c AC!f - THAILAN~ --- 24.:.c:. l• 
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Annex XIII.6.1 

RET IMCOllE STATEMENT (Thailand) - 8 

--~~----------------------------~----------------~--~----------~------------ CC:!!F~f. 2.1 - FEAS - &etc ~erstGr., r!3 

Net Income Statement ir. OW l!SS 

fear • 

Tota! saies, ice!. s;!es tax ••••• 
Less: vari1tlt ~o;ts, •~t!. saies tax. 

Yariil:lE urgir& 
As I ci totai !!!es 

EceratianaI aa:;:~ • 
A: l Gf tct&! sal!s 

::st ti finar.t! 

o~r.ss jl!"Cfi t • 
AilGliill:!S •• 

!ax1f:ie ;lrcfi!. 
Tar 

!ivilf2tcs ~.aia 
iJn~istr~t::t2G ~rcT:t •••.•. 
A::uaJlc:ed u~~!:tr::~::c :ro~i~ 

e~:ss ;rcft!. I of tjtal ~alts 
!i!t ~!"cf!t, l cf tc~!! sa~es 

~aE. Net P'Gfl ~, : cf ea!61 t t • 

~0!, ~t! p~~f;t•1~te~est, l ~f invi;~. 

m1 

6262.;~~ 

3329.SSS 
---------------

'.:132.b~S 

4o.s:s 

ms 

e:cm 
:i-;29.aas 

---------------
::132.Gi: 

4~.e2e 

IQ ·-~ ••• 11.1, 

v.ll' 

!Cfi! 

m:.4:" 
33'.:UIS: 

--------------
2;3~.bl~ 

~c.&2E 

:!MU 

626'.:.~!9 

n211.m 
---------------

2'1:!2.6!5 
40.s2a 

2'1!2. c;:: __________ .,,.._ 

1514. !2~· 

~ee: 

62:~.·=~ 

:127.55~ 

-------------
2T32.£:1~ 

•~.SZE 

1U37 
u.:m 

1473. Hi: 

·-------------- --------------- --------------- --------------- ---------------
-!~!5.9~3 

c-.c,;~ 

-1615.983 
9.&00 

_,:"!:: et.~ 
............. "J.,; 

v.~(;{! 

-!~1~.~2~ 

-1m.:1: 
6.aO{· 

-1m.m 
e.~~o 

-1m.vc3 
~.l}W 

-1m.n.;: 

--------------- --------------- --------------- --------------- ---------------
-:s:~.5(·3 -1m.m -!454.1>:3 

,;. o·:-:· fj.~J·: i·.C:·;~· ~.(-~'.} ~.u.:·~· 

-!~1~.923 -!:7S.S•i: _iC'TC' ':·~! -14"4.5C -:i\54.~·~3 '··-'• 
-12!27 "f~:~ -:•i·}!.2!~· _c::.~; "":C:"\ _,.,,,.-; ~~.~ -!SSE:. BE~· 

•'-''J . .,, ....... --- •' .,,, ......... 

-~~. t·:·~ ."".=~ 1C'C ·-· , .. ~ -~~-~i! - .,'t CL= 
··-'•"'"'J -23.~:; 

-25.8·:;4 -~S.!SE -~u~: -"~ c,c; . .,,, ... ._ .. -23.2!~ 

-1s.m -!C ~"l .•.. , .. _,; :fi• . .. ~ ..... -!7.36~ -!G.~12 

. ('; -1J. ;e-~ (1. :): : c-. J:: 'J.~)03 U.!)63 

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

• 

"' 

• 
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Annex IIII.6.1 

IET I•COllE STlTEllENT (Thailand) - C 

---------------------------------------------------~-~---------------~--~--~ C~~~~ 2.1 - !1A: - fie:::. ve~s:::. ~i· 

Net Income Statement in ~~s 

fear • 

Totil sales. ir.~l. siles tc~ 
l!:s: variibie :Gsts, ::.:i. sa!e: ta:. 

v&riaJlE aa~;in • • 
As I cf total siie: 

D';:t~it!:da! ;arqin • 
is l wf t~tai sa!es 

Ercs: ~r:fit • 
~I Ia.ti!!lt!S • • 

~ixzt!c 'rafit • 
Tat ••• 

Nat ~rt;fit 

~r.C:£tr;tJtc~ ~~c~:: ..... . 
A:c~a~:ateG ur.~tstri~~:e: '~:tit 

Srl!£ prcf1:, l of t:ta! !!its 
~et pro.:it, l cf tct!! si!es 
F.OE, Net ~~of it, ~ cf !~:? ~·; . 
ROI, Ne: profit+i~:~·e!t, t cf i~vest. 

&2c2.4;i; 
~;}2!.81!5 

-------------
2932.6:5 

46.82& 

21112.:m 

--------------
1c;.£:7 
C.3l4 

!~7;.!3~ 

---------------
-1~9.4'?2 

O.Ot_..; 
-~:s;.m 

&.()()~ 

---------------
-i:m.m 

C•. ~~"i 
-rm.m 

-l994t,, ::?Ii 

-21. 7UB 
-2?. 708 
··15.&:2 

o.m 

m2.m 
33:.:w.ses 

-------------
~32.015 

4t.B2i! 

2912. C:BiJ 

------------
!~.6!5 
(!.~!£ 

I2e4.5~c; 

---------------
-!26U:: 

o.vt~~ 

-l'.'b-t.112~ 

fi.O* 

---------------
-:264.92: 

fr. oc-u 
-1m.m 

-2!2!:.lC-V 

-26.!95 
-:!;;.19s 
-!4.m 

().&bl 

:262.4~ i:2~2.499 ~262.49; 

3327.1155 ~2~.585 3321.855 
------------ ------------- -----------

2!1:>2.615 H:2.6!5 ~"~°' '-'r ~•'\6••-&.V 

46.E2& 4t.1!2i! 4£.1!2S 

1~l.S!1 .... ,, :ao .-au ••••. !iib!.5~: 

-------------- -------------- ----------
ir.-:t r..:;.:. 
•• '*•" ·" !~~7! .rT~ mi.oee 

11.1~:: 17.tlJ: !7.m 

!!S9. 9E'i ms.a:r: 1&5!.B-~S 

-------------- -------------- ---------------
-ll!l.&?3 -G4.St)! _,:. "f":.;.\. 

•"'• ....... 
ii.0:-.N ii.e~) e.o.:-t: 

-!1s.s;3 -64.!V3 -1".m 
li.i:vc- C.li~v c!.o~~ 

--------------- --------------- ---------------
-m.et?: -64.fv~ -!~.72t-

r. r..r.r. c..-:•J:j ~-~";f! "' . .., ..... 
-!:E.::.; -tUC:: -!(r. 72Ct 

-:!330.!i:l· -m:u~~ -214:15.7!~ 

-I.e96 -I.IJ3~ -c-.m 
-: .s:;a -1.(•35 -~.17! 

-1.383 -IJ.754 -o.m 
!.42~ 3.m 3.42: 

FOR~IC ACID - THA!LANn -·- 24.: 
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Annex XIII. 6. 2 

llET IICOJIE STATEllElfT (Malaysia) - A 

.. 

---------·----·------------------------------------------------------------------- CC!rli i.1 . FEAS - Del: YErsiou. Dl 

Net Income Stateaent fa O~a USS 

iear .•..............• 19S2 me ms 

Tetal ules. ill:l. sales tii . . . . me.DOG tm.m im.m muoc m2.m 
Less: varia;;le c:osts. incl. sales tax. liil.IOQ ms.m m2.m m2.m m2.m 

--------------- ------·-------- --------------- --------------- --------·------
'iaric::tl: 1ar;ia . . . . . . . . . muon 2m.m 1m.m 1m.m no.m 
ls ' of toul sales . . . . . . . sn.m 5UOi su.m sun s~.m 

l;;;:·variable :osts. ill:!. depndathln ma.m ~na.m ma.m ma.m ~~11.,;s 

--------------- --------------- --------------- --------------- ---------------
~peratitnl sar;!n . . . -1m.m -m.m m.rn m.rn m.m 
ls ' of total sales -31.294 -I.GU USE "' ,, ... s.m . . . . . , ..... : 
~;;st of fina!lc:: . . . . mo.m im.m liOE.U: :m.m 15i7.Hu 

--------------- --------------- --------------- --------------- ---------------
k!JSS ~rofit . . -2m.m -2m.m -m.m -m.m -m.m 
Ai:onn,!S . . UG~ ~-U~G C.G~O G.m G.m 
T:nble p~ofit . -mc.m -2m.m -m.m -m.m -m.m 
'fa! . . . . . . . o.m u.m o.m u:;~ uu~ 

---·----------- --------------- --------------- --------------- ---------------
let profit . . . . . -2e:!. :2c -m~.m -;::.m -S3!.1'C -m.m 

Di•i~ends paid ~.m uo~ ~.a~: ~ :t.:"!r. c.m . . .... ., .. 
Uncist:icmd t!:fit -2m.m -2~:4.75E -m.m -s::~.1~t -6:c.m 
!ccu111iated und!micutc:! pref it . -2m.m -m;.m -mc.m -:~2C.12! -75!2.,i: 

G::ss prof it. ' of tcta: sales . -au.;;; -:Lm -!UH -u.m -13.m 
let profit, ' of t:tal nhs -10. 717 -~J.m -1ui~ -u.m -13.m 
!OL iet profit. ' o: e~uity . -H.7G5 -11.m -a.m -ur -o.m 
m. l!t pr:fittinterest. ' :if invut. -l.m -l.m Lm Lm i.m 
----------------------------------··-----------------------------------------------------------------------------------------· 

min: mo - nmm --- ma: 

" 
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lnoex IIII.6.2 

NET INCOKE STlTE!lENT (Kalaysia) - B 

························································---------------··········· CO~rll 2.i - f£1~ • De•~ Yersi:n. ~112: 

Net Incoae Stateaent iii m USS 

iear. 

Teta! sales. iacl. sales ta1 •• 
L!ss: variable costs. iacl. sales ta1. 

Jariabl! s;rqin ••• 
ls ' cf total sales • 

Ion-variable costs. inci. dep?cciation 

Opcratiena! sar;in • 
ls ' of tctal sales 

Cost of !i:ian:e 

Gri!ss p:;;fi t . 
Alli!wances • • 
'!a:ubl! prafit 
Ta:i: • • • 

Di•idenis paid 
Un~istritutec pr:fi: 
!ccu1ulate: ua~istrib~tEd profit 

Gress F~c:it. ' :f tc:a: s:l:s 
let pr~fit. t cf t:tal sales 
!OE. le: profit. ' :f equitr 
IOI. let ~rofit+interest. t cf in1es:. 

ii12.Gli~ 

1m.m 

lltUQQ 

Sli.m 

m1.m 

m.m 
?.m 

:m.m 

-m.m 
U5G 

-m.m 
G.UGU 

-m.m 

-m.m 
-rn:.m 

-12.627 

i.m 

:m 

...... ' 
···; , .. 
• • • • .H 

:.m 

• ··: ~;.:i ... ~ ...... 

:.m 

• :: .• ic 
.: • : '. :•1 .......... 

-::.m 
..... ' 

Im 

6i72.0li5 
m2.m 

1m.m 
50.201 

2m.m 

ilG.rn 
U5e 

im.m 

·753.716 
o.m 

-m.m 
0.000 

-m.m 

e.m 
-m.m 

·l!.2!1 
-~i.m 

-e.m 
l.m 

mi.m 
1m.m 

muoo 
s~.m 

ma.m 

m.!lC 
use 

rna.m 

UQQ 

-m.m 
UGu 

-m.m 

v.5GQ 
-m.uc 

-:me. 75~ 

-1e.rn 
·lUJJ 
-c.:~c 

1.H! 

m~.m 

5S.m 

2i!i.m 

rn.m 
;.m 

-m.m 
~.m 

-m.m 
~.m 

·6t:.!Ot 

-e::.1~: 

·Uc; 
-1.m 
·C.~H 

------------------------------------------~---------------------------------------------------------------------------------
mm Am - 111Lma ·-- 2E, s 1 
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Annex XIII.6.2 

11ET INCOllE STATEllEllT (Malaysia) - C 

• 
------------------------------------------------------------------------··---····· Cil!Fl! ~.: - !tlS · 9e1~ Ycrsi:l. D!: 

lfet Incoae Stateaent ia m VSS 

Tur 20C2 2m me ms ,ft~ .. . . . . . . . . . . . . . . . . . &u-e 

T:i:1l ules. iael. sales tu . . . . . it72.VtlU iii2.UH m2.m tti2.DGt H~:.GGC 

i.ess: nrii!lle e:ists. fad. sil!s tu:. m2.2Ge mi.m 1122.m m2.m m~.m 

--------------- --------------- --------------- --------------- ---------------
luiililc 1u;i1 . . . . . . . . . . . m;.m m~.m muoo rnuoo m:.ao~ 

ls • cf tctil sales , .... s&.m 5~.26i SG.m 5r. .. r-~ . . . . . . . ... t:.l~• ... & ... • 

lwa·nri1l:le casts. . ' n~,. depr!eiatioa ms.m mun mo.m mun im.m 
--------------- --------------- --------------- --------------- ---------------

~"!?!tfoHl 1u;ie . . . . . . . m.m m.!e& muu !m.m 1::!.ii7 
ls • ~f t;m! nles . . . . . c; , .. 

... :!: ~.m 2UiS i:.m i:.m 

C\15t ~f fiaan~e rm.m m&.m mi.m :m.m ~·· ... .::.a •. 

--------------- --------------- --------------- --------------- ---------------
Gtoss profit . . -m.m -m.u~ m.m m.m ;~~.111 

llliiiill:!S . . . . G.m UGu &.m Lm ~.m 

Tmb!E profit -572.:12 -m.m iili.791 m.m :~j-~~; 

Tu . . . . . . f.m Lm m.m m.m m.m 
--------------- --------------- --------------- --------------- ---------------

iE: pr ii fit . -:·2.m -m.i:?I m.m m.m 1::.~i; 

!>iii:e;~s paid :.m UCO ii.ilGQ ;.m . :-.r:-. 
~-"·· 

ua:is•:i:utec p:-cfit . -m.c1~ -cu::~ m.m ;:!.m c:;. ~rr 
lc:ut~lated undistri~utcd pro Et -nm.m -12m.:;~ -um.m -:~=·~ .rn -:1:::.m 

~~:ss p:afit. ~ cf t~t:i s:les . -c.m -i.1!2 s.m Uli ::.m 
let pr:fit. ' ~f t:ta! SilH . -1.m -:.m s.m :.m :.m 
!~E. §•• , .. ' c: equity -:.m -u;; Ul8 Lm ::.m ... pr;i.i •. . . 
!~!. I•· ;rofit+i&te:est. ' 

.. :.:vest. 1.911 Lm USG Lm • 3--... ... .. :-: 

• 
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Annex IIII.7.1 

SEJfSITIVITY OF IRR (Thailand) 

• 
! Sensitivit~ of ID FOJIHIC ACID - THAii.AD 
I i1ter11l rate of return BASt UEISIOfl 

I I ~ 
I : _ sales price(s} .---
I ! ~----
i 6.8~ __ operatint cosUs> ~-
I i initial invesbae1t ,,/_,,,.,-
'~ 9! ~,,,. ! 'l. r - ../ 
I i------~ ' - - - , ~_.. 
! 2 8! ··... -- - _,.,./ 
! . t ·. -. ':' .-- - /,-
i i · .. >< 
t I.Bl / "~ - .. 

. I ,,.,./,.,.~, 
; ? 8i 
h .. t 
I ' i ; ./// 
i-4.Bi // 
i v 
i ! 

·~ 

-- ·-

~6.8~'~~~~~---~~~~~~~~~~--~~~~~~~~~~~---. -ZB -18 e 18 28 
variation in I. 
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SEllSITIVITY OF IRR (Malaysia) 

Seasiti~it~ of IRR 
internil rite of retarn 

FOJIUC ACID - nALAYSIA 
BASE UEISIOfl 

I 
I 
I 

8 i 
i 

r, I 
f._:-:- - -
• -·-·- .•. -r... 

I . -
. ··-· --•t ··· ... -....... ~.-

i -~-~- ... 

2 l 
! 

al .//.,...,,._,,. 
,,., 

-2V 
I 

-....... . - ··-----..:·::.···-- ·· .... 

_ sales pricefs.l ~-
- _ operating cost<st - - .... 
. .. initial investaer.t 

Annex XIII. 7. 2 

-~,-1 ~~~--10~~~~8~~~~1-e~~~-z-e~~~~~ 
variation ii1 'l. 

• 

.. 

• 

' 



• 

' • . 1.8~ 
i 

; 
i I.Bi ! 
i 

i ! 

1.61 
i 
B.4~ 

' t 
: 8.2t 

i 
; 8.8t 

! 
: 

·-8.2~ 

i ' ' =-8.4~ . • r t i 

• 

, 

,i 
{ 

! 
! 

! 
I 

! 
I 
i . 

' 

' 

z 
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/ 
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DEIT:SEIVICE RATIO CllRT (Tbailancl) 

_ ~se cue 

FOllHC ACID - THAii.MD 
IASE UEISIOll 

Annex XIII.8.1 

5 6 7 9 9 18 11 12 13 14 15 
y e a !' 
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DEBT:SERYICE RATIO CHAIT (lalaysia) 

Wt Service Ratio, ig yeu 
1et cAShEJowli9t service 

! 
Z.11 

I 
! 
I 

1.51 
I 
I 
I 
i 
I • I 

t.11 
i 
' ! . . . 

; e.si 
! i 

I ; 
i : 
' ! ' 
I 

FOIHC ACID - ftAl.AYSIA 
BASE UUSIOll 

lnnex 1111.1.2 

i 8.Brl~~~~~~~~~~~~~~~~~~~~--~~~~~~ 
. i 1 2 3 4 5 £> 1 8 9 18 11 12 13 H 15 

I iStart up ~ e a r 

• 

.. 

• 

' 
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SUIOlllY SIEET FOi SDSnIYITY IDLYSIS I 
(Tlaailud) 

luex llII.9.1 

------------------------------------------------~ii:"..: - ~ - f!1: rersioc. t:s:::; -·--

Fie!~ Aeli - ntlitftf 
ic.t.Si. m 
SCIS.~~- - li!Sie SLt-S ?i;::E 

S t!Ct'ii• of ccnstri.:t:i;=. IS yers ;if pr=r:Uci:: 
c;rre;::; Cl!llYtrs1ar; u:. !:: 

T;'l!l§ll Cii:"!"l!llC• ! IO!:it : 
~Geil Clit'rGtf ! :iii t : 

it:Ga!!ti;; C&!'rG=:J: GOO !SI 

l.~{; ;;:tit§ KC!!;ollti~ C11rTSCJ 

l.~ ;nits icc:r.znti1; ~reecy 

----------------------------------------------- ·------------------------
Total initial i nvestMent ~mu; coastrlidia pfiut 

f::red iS~ts: 

::l"'rl!lt i5Sl!t5: 

tt!•! i5S!t!: .. .,.,. ... ~= 
l.o..;..)t ••• 

i5.1151 I forei .. 
~.OW 1 farei'° 

65.112 % fere!:i; 

----------------------------------------------------------------------------
Source of funds ari:i~ cc::st~~ti;i: z;tiSE 

r:;.:1h & v•r.ts: 1!5%.0C· 1~.9'H I fc;rei91 
fcreic;r. i~s: lil!E.\1-j 
!Vtil !Oi!IS : n~.w 
~ate! fli."l:.lS : l143G.{-,,;, c~.926 % fareiqr. 

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

' 

Cashflow from operations 

)•·r• r .c4 .• 
"' 

:: ?'it in~ :o;ts: 245:.;: :m~.1s 
.:1~~e:uticr. mz.25 1902.2i 
:r.~ertst mr.e: ir1:.1~ 

---------------- ------------ -----------
;r~liCtic;.~ casts · 1-- .,. e..:: •• ., 7GvJ.5; 
tl;ert0f foruga 52.% 1 4,,ll I 
tiitil siit! 3597.5:) 7195.00 

9rass iiicaae -2i37.4& -723.96 
net i~CCt! -27!7."8 -i2l.'io 
cul! bll111ce ·l~tG.24 BGG.3! 
ne~ ushf1111t -m.ta 2'14.42 

Htt Prestnt Valut at: 12.C-l 1 = -12180.22 
Internal Rate of Return: 
R!tur" D~ @iuityl: 
P.rt~rn or. t0u1tv2: 

4.2, % 
-22.4& l 
n:1t four.:: 

10 
m~.!5 

19c2.28 
1473.70 

--------
74C.I. l~ 

45.52 1 
7195.~ 

-521.56 
-521.56 
316.GC 

2'14.42 

----------~---·-------------------------------------------------------------------------------------------· -------------------------
Index of Schedu 1 es ~~CdliCK by CCllFAP. 

!~til :r.:t1al 1nv!!ta111t 
iGtal 1r.vrst11nt dur1n; ~rG~u,t1or. 
TGt•I proj~:t1on costs 
liork1n; Capital rtql1rt11nts 

Cuhf!c11 hbln 
?roJtcttd Balanct 
Ntt 1nca11 statt•tnt 
Source of fininct 
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SUllllllY SIEET FOi SEllSITIYITY llllLYSIS I 
(llalaysia) 

lnnex 1111.9.2 

--~~---------------------------------------------------------------------- ~~l! ~-! - F!lS - ~!:: ie!si;t. ~!:i; -----

~II!~ ic:n - 11I.&1s:1 • 
2Hif!SH. j1 
!I&m SILES PUa 

! !!i!isl af ;aastrtetiot. 15 jEi?S ;f pr~1;ti;i; 

f :rei;! :t?!!!~ l 1;1it = 
lce:l :srr!I=! 1 11it = 

1;:;jilti1; :trre!cy: ia: ~$ 

!.;iii 11its i;ecactit; :;rre•=? 
1.11~5 12its 1:cc1:1:i1; l:irrescy 

Total initial investaent c;rfa; ::utr;:~i:;; F~iS! 

fin~ usets: 
cn:c:i: usets: 
.::ta: HS:ts: 

l2Hl.iC 
l.15 

mu.cc 

57.1U \ f:?ei;a 
e.~e~ ' f:?ei;t 
::.~5l' f:r:i;t 

Source of f :Jnds ~ari:a; ecastri:ti;;; r;tu: 

:;dq i ;rms: 
f~r:i~ 1111as : 
ic:al l:1ts : 
t:iul fiais : 

\llCr." ;~ 
&, ...... -. 

172~+.iiG 
me.Ge 
mn.5~ 

Casbflov fro• operations 

::u; 
:;!ri~i!:; ::sts: mu~ Ji:7.7~ 

ie~:e:;1:i:: ma.n 1ms 
i:;:c?Ht mue t =·· -. ·"·· ... ~ 
---------------- ------------ ------------
prd1:ti~a ::sts ml.!l il2l.i1 
tie!e:f fmi;u Ci.2! ~ lS.S: 
toul Silts 3191.~Q 77".~a 

9ross it:a: -2m.7! 235.U 
Ht !:::is! -2lll.1l U!.!2 
:uh t!l11:e -l&U. 75 ms.u 
Ht cuhfio• m.Ql 1m.o: 

!j 
.. ··- .... JI •.• j ~ , ..... ., 
.:::.~. 

l::c .. :~ 
------------

"~"' C'. 

~ :u~ ' i;~uc 

m.n 
n.;: 

mus 
muc 

let freseDt Value at: lS.GG ' s -mn.ss 
I1tera1I late :f letura: 6.31 ' 
letura c~ e;~ityl: 
!eturn ~1 e~1it;2: 

-7 .21 ' 
1ot fon: 

Index ot Schedules m~u:e: b; C~!UP 

T::1l ini:i1l it1es:11:: 
~otal i~;est1t~t dc:i~; p::~ucti:~ 
T:t1l p:o~u:cie~ ::scs 
loriiaq Capital rt;cir111ats 

Cu~flov Ta~les 
fr:je:te: !1:1k:1 
let ia:c1e stat11er.: 
Source of f i~a~:e 

• 

' 



' 

, 
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SUllllllY SIEET FOi SDSITIVITY llllLYSIS II 
(Tbai~_aad) 

hnea: XIII.10.1 

~~--~-------------------------------------~---------------------- ~~Ii' ~-1 - F:~~ - ;!i: ier::s~. ~!lZ~ --

r~~;: At~~ - TriA!i .. 111: 
::'.6 .. G.Ea, J! 
~::i.i."il. - re;:a,ed isvutu::! 

3 Y!ir !5; cf cc::::r:.,ti.;:s:. 1: Vl!&:'S d r:rr.:;;cho: 
r~re:::, cuc-z!rsi;:G rites: 

f:~ei;-: :ll:'rl':l~-.- ! t:tit = 
!ocai ttarrr.icy : .stt = 

l.OO<'IV s;:~ ts i::a:mtir.; C;:t':'SCi 

1.00:.1~ Gr.:t: •r::x;:;tis~ c::rrfll:; 

-------------------------------------------------------------------------------------------------------------------------
Total initial i nvest•ent dur~r.; :o;istr11:tior. J!'lasl' 

ii re;f •sstt5: 
cvrre~t ass!ts: 

b:.8-J4 1 f;irei~n 
11.&i& 1 f;ire;~:i 

i~.5')4 I •ere!~~ 
._ ________________________________________________________________________________________________________________________ _ 

Source of funds ~ur!q :cr.str!i~tia:: ~~=== 

e~:.;;t·; I ~r;:;t:: 

;:_--:a;r ic;i:; 

::;::~ foans 
.. ~' .. ! 
·"·-~-

:S445.a-J 
zg;6.~·•:r 

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

:;~at:~; !:GSt:.: 
~!:!"e~:at:c:n 

t!:e:-ec! f:re:~:; 

tote! sa; :s 

~rcu 1nca1! 
lift lllCDU 

Ci51; bihnct 
i:et cu.~f !ow 

5C!.C! 
511. 27 1 

~rn.~ 

-2459.4E 
-24~,.4f 

-2G24.4: 
-619.43 

Ntt Pres!~t V•!ut it: 
fntern•l Rite of R!turn: 

l~.60 l : 
2.59 1 

-~.b2 1 
net four.~ 

Rt!ijr~ o~ t~uityi: 

~t!~~r c~ ·~~ity2: 

41.2(· I 

-929. 41 
-~2i.41 

3eG.09 
1981.9! 

-11664.64 

15:~. l:i 
1!"!:.:t• 

t:!J.5! 
·~-26 l 

b2t2.51i 

-766.49 
-7U.4~ 

-l?~.79 

lm.91 

•••-•••••••••••••••••••••••••••••••••••r••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Index of Schedules ~rad~:ed ~.,. CO!ffAF. 

To!•! :n:t;ii :~v•st•e~! 
Tot•i 1r.•t!:1ent dur1n~ ~~ocuct:c~ 
Tot•! ~rod~tt1~" ::s~t 
~~:,1n9 C•;1t1! rt~u1rt~tr~i 

~uMlow ri~!!S 
rro;t:~e~ 6iii~t! 
Net 1~~cct st•tetrr.t 
S~u~:! of f1r.•nct 
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SUIOIAIY SIEET FOR SEllSITIYITY lJIALYSIS II 
(llalaysia) 

lnnez 1111.10.2 

~-~~~---~-----~--~-----~-~-~--~--------~~~------~~---- ~!l!!f~; ~-i - FEli5 • e,io v~~•:~n. 51~2 

1.i!Ef!ttG, JI 

SE!6.~.i. - el.'Gl IWESilEI;' 

l "i~f:} ~f ~an::ructi~. 15 ve1rs t)f ~ic~v:~!:h 

r~~~e~:r Cu="wersicr. ratel: 
f~:-s::;r. Cll!'ren:·; l t:r.it = 
!:cii t~r~!:iCJ I ~iii~ = 

(:;."t) L'Sf 

:.6::-£>~ ~~1!: iCt;Ji:!:t:n; ci:rre~c' 
1.c~: :;r.:~s !ccOll::tiG; cl!!"renc~ 

Tota! in:!tial investment C-.i!'i119constructiG1:;l:i!iE 

f:nd assets: 
;:;rreio~ assets: 
i:Gt&! assets: 

2~2;~.az 

G.V:: 
~6:m.82 

57.&4~ I f.,,.eiqn 
~.OiA- I forei~:i 

57.64~ I f:itei~~ 

Source of funds ;farinq :ar.s!ru~t:::- ;?:tne 

e~;;av l ~rn:ts: 
icre~;:: !~as : 
:c:ii ha:is : 
tot a! fu:.ds : 

9745.W 
::mi:.oo 
:m~.Of 

:'bC-S~.~ 

Cashtlow from operations 

~e&~: 
c ., 

;~!!"'i~in; :J:t~: ::::uo ~=~:.:i: 

de~·eciiti wr. 159~.BJ ec.e• .. ·-. ' ...... 
ir.terest mo.u 1:;•.£!: 

i~ 

~817.iV 

1~91.83 

!03G.78 
---------------- ------------ ------------ -----------
~na~a;tio.i ccsts S!St..49 t~::.e: 

the:""ecf fore;g:i 44.6t , :c.~4 " " " 
tolil !iil !S 3336.6-J tb72.fr,} 

grDss incoae ·196E.09 ·!Et.8! 
::et incoae -ma.09 -m.s1 
~i~h ta!i:ICI! -1295.45 !~5&.42 

r.tt asllflow 2~.01 2619.10 

Net Prtsfflt Value at: 15.0C 1 = -1oasue 
Internal R•tt of Ret~rn: 
Rttur:i on rquitvl: 
~Pt~r~ on equ1ty2: 

5.&~ I 
-l~.68 I 
not fo;;n~ 

Index of Schedules pro:fua~ ov WlrftR 

Tot•l 1n1t1•i invt~taent 

Total •n•ls:arnt durir.Q pr~ductior. 

Tot•l ~rcd~:t1on costs 
Martir.; C•p1t•l requ1rr1ents 

Cashf!oN h~!es 
f'roii!dt~ S1lan:t 
N!t 1nco:e ~t•tr1!~t 
Source of f1ninct 

644t.:'H 
37.54 

6672.0? 

·9.~l 

-9.51 
675.B~· 

2619.10 

' 

' 

• 

' 
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SUJIJllRY SHEET FOR SENSITIVITY llllLYSIS III 
(Thailand) 

lnnex XIII.11.1 

~-~-~~----------------------~-------~---------------------------- r~·H~ 2.l - FEAS - fiegc ~er5!an. &!3 

FilR~!C ~c;~ - i~Il~=~ 

26.B.l!e. JP. 
S:~"S.Ar.ff~. - REDUCE& VA.~IH3t.t Cl!Si~ 

3 )1!a~!s~ cf :c-nstruct!ac, l5 years o' pr3ductian 
curre~cy co.~~ersi~r. rate:: 

f:weiqt curre~cv : ~-;;it = 
lac•! curre.ir; i ;nit = 

!.00-J~ units a:co~n::~q :~rre~cy 
1.00~0 units ac~!r~r.tiag cvrrencv 

--------------------------------------------------------------------------------------------------------------------
Total initial investment durir.; construch;:m 11hi1se 

fi tell asset:: 
cu:-rent assets: 
tctar assets: 

3~m .. 3r 
O.V-J 

3223b.3CI 

c5.S~e I fareiqn 
C:.OC-0 l farei;;; 

ts.ass l +areign 

--------------------------------------------------------------------------------------------------------------------
Source of funds cfurirq :::~nstr~:b:n :ih&:;e 

e~uity ' ~ricts: 
fo·eig:i leans : 
io:ai loci's : 
t:;t.al 

B~~S.~t: 

193llUO 

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

':';m: 
C~i!'.1::n~ Cost;: 
~e~re::ati~-: 

ir.te~e;t 

U1recf fa·ei9". 
tcta! s3Jcs 

gross inca'! 
r.et in::o1e 
cas~ :,alance 
net cash fl 011 

"=f~:; 'e ... ""'•'-''-t 
!96:.2E 
f "!:'"r :-.;. 
;. ,., ......... 

SSSE.o: 
SS.7a ! 

:m.~; 

-2854.4'1 
-2884.4; 
-1974.44 
-217.36 

Net Pr1sent Value at: 12.00 z = 
3.06 'L 

-~4.37 z 
not f:iund 

Internal Rate cf Return: 
Pet~rn on equitvl: 
R!'hr~: en tGUi ty2: 

1Tt2.~S 

!~7~. !~: 

48.04 % 
6262.~0 

-1065.97 
-rn65. 9; 

544.l(I 
2572.40 

-13676.65 

11: 

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

tetfr.o4 
49.47 I 

6262.SCi 

-B6J.57 
-86l.57 
-26.62 

2572.40 

·--·------------------------------------------------------------------·-------------------------------------·--------· 
Index of Sch ed LI 1 e 5 OrcifoCf~ l:Jv CO:!FAF: 

Tahl in:tlil invntn~t 
Tot•! inygitae~t ~ur1ng ~rcductio~ 

Tot•! product1jn costs 
Workin; C•~ital r1qu1r1;ents 

Cn~flow Ta~!es 

frcj=•ted Sal~nce 
Net 1nco~e stater.er.~ 

Sourer of i1nar.ce 
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SUllllARY SHEET FOR SENSITIVITY ANALYSIS III 
(Malaysia) 

Annex XIII.11.2 

--------------------------------------------------------------------- ~~!~!! i.! - !!A~ - ~!:: l!~S!::. u:!£. 

! !ear:s· :: ~:estr~:ti~~. 15 years ~: p!~aucti:: 
:urr:::? ::~•c?si~a rates: 

f:reiqa :urreD~! 1 unit = i.~uu~ ~:i:s a:::::~in; :crr:M:J 
!.Gi~~ ;nits a:::aJtin; cu?rec:! 

Total initial investaent :iirb; :~IiStn:ti:ia ;:has: 

::ti! assets: 

:; • :23 ' fa!ei;t 
:.~G~ t fcr:i;!l 
::.7~j' f:r:i;!! 

Source of funds k!i:I; :~Ut!!l:t:i:t ~~a~: 

:;·;::y • ;?a?:ts: 
f:~!i~e l:aas : 
l::::. l:acs : 

fvn:is : 

mt·.s~ 

l7au~ 
wu: 

Casbf low from operations 

;r:~~:tfaa ::ms 
~::::cf fo?tigi: 
•:ta! sales 

;::ss i11:c1e 
nc: ia:oa: 
m! l!dan:e 
:l!t :ubfi:v 

.......... 

.:::.:. f: 

mua 
4U~' 

mua 

-mua 
-mus 
-mu: 

m.29 

jl::.:~ 

!~::.:~ 

i7~0.i! 

t;.os ~ 

-m.11 
·m.H 
!25Ui 
l2!Uc 

le: ~?ese': Vtlue at: 15.0G ' = ·13?!1.:3 
I:moal ht! :f !et•m: 5.07 ' 
!t:•:n ~n ·~~itjl: -1;.ca ' 
!e:~r: on e;uityl: n:c f OUD·~ 

T:~?! !r.!::a! ir.;es~•~n: 
~:~:l ir.~es:1er.t ~urir.; p~~!•:~!:~ 
Tctal pr::u:ticr. e:s~s 
V~rkir.; ~!~ital req~irestnts 

·nfl~~ ia:les 
. 'l hla;;:e 

~-~ .u.:~e sta:esenc 
S.ur:e ;f f ina::e 

J··~r- ~". 
69iil •I• 

!m.n 
m:.~~ 

::~c.:! 
II ;: i ,,,,,,, .... 

ii12.0~ 

·iU1 
·ii .!I 
m.H 
mu; 

' 



, 

• 
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SUJUIARY SHEET FOR SENSITIVITY AlllLYSIS IV 
(Thailand) 

Annex XIII.12.1 

············································--···········-··---········· C~!~l! ~.l · fElS - :!s: IE!Si::. 

r~t!iC !~:f · ?ili~~ 
2U.li. ~! 
~ED.Ifl!S!.!t:D.11!.~as!!!IG&~ SlLES Pl 

! ?:1r:s! ~f c~ast?u:tie:. 15 y:ars ~: pr:!t:~i~~ 
:~r~:DC! ::~7E~siot rites: 

::!!i~& :U?!:t:! l ut:t : 
i~:1i cerren:! l u2it = 

l.U~~~ anits :::~~~tia~ :u?re·:? 
!.~:~: Jlits i~==t~tin; :~rreD:! 

----------------------------------------------------------------------------------------------------------------
Total initial investaent Ciltill; m•mu:ti:t ;:me 

:ind iUHS: 

::??e:i: cssets: 
.. "'I .... 

'--"'=· 

:5.1~( % :~r:i;: 
t.m ' ::re:.:: 

tS.a:i ' !:?:!;: 

----------------------------------------------------------------------------------------------------------------
Source of funds :t!i:; :~i.str::tic: p!:asc 

:;:~tr • gn:i:s: 
f :r;:.;n. !;?a!IS : 

l~::! l:a:s : .... ; \,.,.:. f :::~s : 

Hm.~~ 

2m.~: 

-----------------------------------------------------------------------------------------------------------------
Cashflow ~rom operations 

!:::: 
:te:?:i~~ ::s:s: 
d:p!c:ia~i~t 

i:t:!!St 
----------------
~!:~c:ti~I! c:sts 
ttmo! fc?ei;t 
::tal sales 

;!OSS iDCill! 
!:H iuC~I! 
:ash t!lme 
m :ashflov 

,,~~ ;; ........ 
1:7~.H 
1m.;; 

------------
Slll .. 77 

:1 ., .... ,~ 
l597.5Q 

-wu; 
-1573.~~ 

-1m.12 
m.11 

~ 

. 
]j~;.;; 

m:.1: 
!l4~.22 

------------
6:SUi 

t:.c: 
i!SU~ 

m.ss 
m.n 

mus 
3261.07 

~ 

a;t Present Value at: ll.00 • : 
us. 

·1.62. 
r.:t fo11nd 

-mu2 
Internal late :f Return: 
Return ct e;•ityl: 
!eturn 'n e~uit:l: 

H. .. 
3;'u: 
':,.~ , . ... ' ..... 
:~;u~ 

------------
::n. ~c 
tu: 

:1;s.o~ 

m.:c 
m.~~ 

i:2uc 
3202.30 

~ 

-------------------------------········-----·-·--·-··---··········------------------------------··--·-······-----
Index of Schedules 

Tcta: ir.itial ir.vest:en: 
T:~al ir.1estsent curi~; pr:~~;:i:: 
':'~t&l p!e:uctie: costs 
Verkin; Capi:al re~•ireaer.ts 

~u~~l=• ':'a!::es 
Fr:ject:~ &a:a~:e 
Nt: ir.~cae 1tate1ett 
S:ur:e of f inauce 
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StnUIARY SHEET FOR SENSITIVITY lJfALYSIS IV 
(Malaysia) 

Annex XIII.12. 2 

---------------------------------------------------------------------- COfif~~~ 2.1 - F~~3 - De1c ~~~s:c0, n•~-

FOR~rc HtIU - lt~HtE!~ 

26/Sl ! 93e. j1 

3 ~:i~ls! af c~r.stru~t~~~. :~ y~ars Gi prod~ction 
cu~~e~cy cor.~ersia~ rates: 

foreign ~urren~v l ~nit = 
;o:a! curren:v : unit = 

1.eooo u~zt: accou.iting currency 
!.000& u~:ts accounting carrer.cy 

::~c~ntic; currer.c;: 
-- -------------------------------·-------------------------------------------------------------------------------

Total initial investment. tl::rir:gconstructionphase 

fixi.~ assets: 
:tirrent a:sets: 
t:tai as:Et:: 

262~9.S2 

--------------------------------------------------------------------------------------------------------------· 

.... i .. t ,_ .. c. .. 

~cans 

! :iar.; 
.,i:.,".c~ .,,, .• 1 
-Jwwo • ,i'·! 

---------------------------------------------------------------------------------------------------------------
Cashflow from oper~tions 

c;~re!1:-.~ ::::~: 

C2;::i-~.:ia~zc1 

i rte;::;! 

;rtd~:tirn tests 
t!":ereof iorE:~:: 

tctcl sal!; 

grcss 1 r.coioe 
r.e! in:i:1e 
;:csh bai anc e 
net cashib11 

Net Preser.t Vai~e 

!115~.15 

m:.s3 

~7.57 i. 

-1082. 84 
·lOEe ii4 
-334.17 

a ~. ,, 
lnt!r~a! Ra~e of Fetur~: 

15.frO l : 
9.75 z 

~et~r~ on equity!: ~ 71 ' •J••I # 

, '" ., ""'''"" .. 

~ .... -. .-. "";" ·, 

t:Y!.S: 
1211 •. ;: 

U, H. ' 
., .... ""' h 

7i~4.'i(i 

m.:! 
215:.54 
i:n: ,~ 
,,,,, a.J.-1.. 

-60S2.32 

f;" • ... 
~")""';. "?to 
~ ..... ,,.; .,, 

5SH.3l 
4!.3i % 

7714.C~j 

1025.69 
17! !. 01} 

3654. 3(; 

---------------------------------------------------------------------------------------------------------------· 

Tota! :,v~st1e~~ dur;n~ pr~d~:t;c~ 
T;t;I ~r~du:tion co;ts 
~or~ir.~ Ca~Itil req~;re;!"ts 

:~shflc"' '!'a~:~s 

~r~j~:t~~ sa:i~:t 

Ne! 1r::ie s~ate,~nt 
:o"~:e c' fi~a~ce 

• 

• 
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Annex XIIJ.13.1 

SENSITIVITY OF IRR FOR SENSITIVITY ANALYSIS IV 
(Thailand) 

------------------------------------------------------------------------- C~FHR 2.! - F:A: - ~etc Vers!~~. 

Sensitivit9 of IRK 
internal rate of return 

-20 -18 B 

FORMIC ACID - THAILAND 
SEHS.MAL.4 

18 Z8 
variation h? i: 
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Annex XIII .13. 2 

SENSITIVITY OF IRR FOR SENTIVITY AfflLYSIS IV 
(Malaysia) 

--------------------------------------------------------------------------- CC~FA~ 2.! - ~~s - ~esj ~er· 

Seesitivit~ of IRR 

! . 
; 
! . 

16 t 

! 

18 l 
I 

-ze 

internal rate of return 

-Ht e 

fOJnIC ACID - MALAYSIA 
SEllSITIUITY AtlliLVSIS 4 

18 ze 
variation in 'l. 

' 

• 



, 

' 

- U7 -

DEBT:RATIO CHART OF SENSITIVITY ANALYSIS Y 
{Thailand) 

Annex XIII.U.l 

--------------------------------------------------------------------------~~Ff.?: 2.: - FE~S - :e:: ier~:~~. 

iebt Service i~tio, ~y ~ear 
9et cashf lowldeht service 

I 

Z.51 

i 
2.8~ 

I 
i 
; 

1.~' . 
i . 
I 
! 

t.iH 
I 
i 
i 

8.St 
I 
I 

i 

8.8· 

f 
.i 

J 
i 
! 

j 

1 2 
Start u.p 

,,. 
.· 
i 

3 s 

FOIUC ACID - THAILIUtD 
SDtS. MAL 4 

\. ~~-·------
\ .. , _ _,.....--_ 

_ hase case 

7 9 19 11 12 13 14 15 
y e a r 
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Annex XIII.14.2 

DEBT:SERVICE RATIO CBlRT OF SEllSITIVITY lllALYSIS V 
(Malaysia) 

-----------------------------------------------------------------------~ tU..-:A:~ 2.! - FEP.S - Be1c Ver::o~ 

leLt Service Ratio, ~ ~ear 
net cashf lowldeht service . 

3.8~ 
! 
i 
i 
i 

2.5. 

I 
I 

2.8~ 
l 
I 
I 
I 

1.5i 
I 

I 
; 

1.Bl 

i 
8.51 

! 
j 

l 
8.8' 

' t 1 

' ; 

i 

2 
;Star-t up 

_ hase case 

3 4 5 b 7 

FOlltlC ACID - nALAYSIA 
SDISITIUlTY ANALYSIS 4 

8 9 10 11 12 13 
1J e a t 

H 15 

, 

t 
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SUIDIAIY SHEET FOR SEllSITIYITY lllALYSIS Y 
(Thailand) 

Annex XIII.15.1 

---------------------------------------------------~---------------- ~~!!!! £.: - ::1: - ~~:: i:~si~l. ~:~ 

.. . . . .. 

.:t.l.S:. •-

f.lJ!!~ : ~!~s := !cer§ ti! ~:Iii=! 

3 !Ear:s~ c: ::~str~:ti:~. :s !!i!5 ~f ~::!,:ti~: 

:?::c!t! e~t•c:si~E rates: 
:~re!;a ctr!e~:! I u:1t = 
!~cal carrc::y l init = 

~-~~~~ ~ri~s a:::~eti:; :~rr:~:! 
l.~t9D ;~its a::c~s:i~; ::r:;::! 

Total initial investaent c~ri:i; :~:sa~:ti:!! ~~as: 

fi!:: cssets: .,--~ ..... .. l;,.t.Ol :5.m ~ 
C~!?!:! use::s: r .. ~~ ~.a:~ ~ 

--·-· :ssea: 157H.ti5 CS.IC~ ~ ~•to.:. 

Source of funds hri:; ::iis:?;;:::::: r!:as: 

c~~,.~~ 

:mu~ 

2i!t. u: 

Cashf low from operations 

:;;?::::; ::sts: 

;r::~::i:~ ::s:s 
:he!::: !:rei;: 
::::: sal!s 

~!:S~ i:.cc;: 
i:et in::1: 
:as: t!la!I~! 
net :uhf !:1 

, ... freseat 'hlte 

i: .... ! ·• 
':' •r' :: ·""···· 
... "' ... ... ' .......... 

53.~l ~ 
m:.s: 

·li7l.;: 
·ii1l.~; 

-!1Si.li 
m.1; 

a .. .. 12.~~ ~ 

!tteml late :: !ctllr!l: s .s~ ~ 

!rn:!n ~· ·~ 
!"''' ...... 

<1·· "'! •• G.2! • ?.etur:! ;n c,~;tjl: !!:t f ~t:t: 

: 

. . ' ..... ... ~ .. •"" 

::?:.:: 

..... ,.. 
lU;.,;a 

Index of Schedules ;r::·;:c: :i ::~m 

?:: 1 ~ i:~t~a~ in1es~:e~~ 
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