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I. EXECUTIVE SUMMARY

1.1 Project background and history (chapter II)

A project idea to produce formic acid in the ASEAN region under AIJV
was identified during the first phase of DP/RAS/85/010. At its annual
meeting in October 1987, the Committee for Industry, Mining and Energy
(COIME) endorsed the undertaking of an opportunity study to investigate
the financial and technical viability of a possible formic acid plamt to
be established either in Malaysia or Thailand.

Poraic acid is being used in those two countries, mainly in the
rubber industry for the coagulaticn of natural rubber.

The Malaysian Industrial Development Authority (MIDA) approved two
applications for formic acid production three years ago. The estimated
market size in the ASEAN region at that time was between 17,000 and
20,000 t/y. No follow-up action on these approved applications has ever
been taken. In the meantime, an Indonesian company completed the pre-
investment study for a formic acid plant to be established in Java and
the plant is being launched in September 1988. This plant will produce
10,000 tons of formic acid per year.

Despite this Indonesian development, Malaysia and Thailand hrave
expressed continuous interest in undertaking the approved oppcrtunity
study and the decision has been supported by COINE. This report reviews
the opportunity of establishing a formic acid plant in these two
countries, while leaving the decision on whether it should be established
in Malaysia or Thailand in the hand of potential investors.

1.2 NMarket and plant capacity (chapter III)

The formic acid consumption 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 4,200
Malaysia 5,500 5,500 5,500 5,500 6,500 7,000
Philippines 400 500 550 550 550 550
Total 8,600 9,000 9,3% 9,650 10,950 11,750

The proposed plant will require at lea.t four or five years leaa time
until production starts. It would be realistic to consider 1992 as the
first year of production. The sales prices are determined on the basis
of a fair competitive nature, i.e. 10 per cent lower than one of the
present sajor importers’ price for Thailand and applying the latest win-
ning tender price in Malaysia.
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The production programmes and prices are set up as follows:

Thailand Domestic Export to Malaysia and elsewhere
Tonnes USS/t Tonnes Uss/t
1992 1,750 740 3,250 565
1993 2,450 740 4,550 565
1994 3,500 740 6,500 565
1995 3,500 740 6,500 565
Malaysia Domestic Export to Thailand and elsewhere
Tonnes USS/t Tonnes uss$/t
1992 3,000 640 2,000 708
1993 4,200 640 2,800 708
1994 6,000 640 4,000 708
1995 6,000 640 4,000 708

It is assumed that the competitive price could bring the sales volume
up to the full production level in three years. It would certainly
require intensive marketing efforts to substitute the imported products.

The sales promotion costs are budgeted in order to ensure this sales
programme. For Thailand, 10 per cent of the domestic sales turnover and
2 per cent of the foreign sales turnover are reserved for sales promotion.
For Malaysia, only a standard 2 per cent of sales turnover is reserved
for sales promotion since the major domestic sales are derived through
tenders. The annual promotion costs for Thailand and Malaysia are
USS 332,450 and US$ 133,000 respectively.

1.3 Naterials and inputs (chapter 1IV)

In Thailand the basic raw material, carbon monoxide, is obtained by
reforning natural gas and scparating pure CO-gas from it. The cost of
rav paterial and utility for CO-gas thus obtained is US$S 0.138275/Mm3.

In Malaysia the cheapest CO-gas is obtained by separating it from
blast furnace off-gas. The cost of ravw material and utility for obtained
CO-gas is USS 0.07184/¥m3.

Natural gas in Thailand costs USS 0.1039095/Nm3.

The blast furnace off-gas in Malaysia is assumed to have zero value
and is obtained at no cost.

The cost of rav material to manufacture 10,000 t/y of formic acid
(90 per cent concentration) is USS 974,135/year in Thailand, while it is
US$ 609,760/year in Malaysia.
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The cost of containers both in Thailand and Malaysia is assumed to
be the same and amounts to USS 302,000 per year.

The price of utilities is more advantageous in Thailand than in
Malaysia.

The price of the most important utility, cooling water, is
US$S 0.0227/m® in Thailand, while cooling water costs USS 0.16/m? in
Malaysia (Penang).

Electricity in Thailand costs US$ 0.067 per kWwh, while in Malaysia
(Penang) it is USS 0.0576 per kWh.

Thus the total cost of utilities and energy for a 10,000 ton/year
formic acid plant in Thailand will amount to US$ 1,164,000/year and in
Malaysia (Penang) to USS$ 1,844,000/year.

1.4 Location and site (chapter V)

The formic acid plant inducing carbon monoxide and off-sites requires
a land surface of 24,000m®, which is available at all discussed locations.
From the point of view of availability of raw materials, utilities and
infrastructure, one location was found to be suitable in Thailand: Ma Ta
Phut on the Eastern Seaboard and four locations were fou.d in Malaysia.
From the viewpoint of the cheapest carbon monoxide and utilities the
Malayawata Steel Works, Penang, was chosen as the best location in
Malaysia, the other locations being less suitable.

1.5 Project engineering (chapter VI)

The methylformate process has been selected as most suitable for the
stipulated capacity of 10,000 t/y of formic acid, because of the low
consumption of raw materials and utilities, practically no waste arnd high
standard of unit operation.

Due to different feedstocks, different carbon monoxide processes have
been selected for Thailand and Malaysia. In Thailand, carbon monoxide
will be produced by reforming natural gas. In Malaysia, CO-gas will be
obtained by Pressure Swing Absorption from the existing blast furnace
off-gas.

Some probleas may be anticipated in licencing. The only potential
suppliers of the process are Salzgitter Anlagenbau of the Federal Republic
of Germany and CML of the United States.

The total cost of equipment for a plant to be built in Thailand will
amount to USS 14,020,000, of which some 25 per cent corresponding to
USS 4,434,000 will be locally supplied.

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

In the case of Thailand, the formic acid plant complex will be
managed by a general manager, to vhca the FA shift managers, CO-plant
manager and technical, marketing and accounting departments will be
responsible. In the case of Malaysia the PSA plant will be controlled by
the formic acid shift manager. Otherwis., the organizational structure
is the same as in the case of Thailand.

One of the major factors of overhead, i.e. repair and maintenance
costs of the whole formic acid complex (incl. CO-plant), will amount to
USS 482,000/year in the case of Thailand and to USS 396,000/year in the
case of Malaysia.

Administrative overhead covering general supplies, communication,
were calculated as USS 4,000/year in the case of Thailand and
USS 4,500/year in the case of Malaysia.

Insurance on property amounts to USS 53,700/year in the case of
Thailand and to US$ 53,200/year in the case of Malaysia.

Plant land rent amounts to US$ 24,000/year in Thailand, while it is
only USS 5,160/year for 24,000 m2 in Malaysia.

The sales promotion costs amount to USS 133,000/year in the case of
Malaysia and to USS 332,450/year in the case of Thailand.

1.7 Manpower (chapter VIII)

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

In Malaysia, the total labour and administrative staff for tke whole
plant will be of 26 persons only (the PSA plant does not require anyone),
from which 21 employees will be skilled. The total labour costs in the
case of Malaysia will amount to US$ 169,700/year.

A team of four persons will have to undergo training at a reference
formic 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 amount to USS 154,000 in the case of Malaysia.

The erection, commissioning and start-up of the formic acid complex
(CO + FA 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 US$ 891,000.

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 Implementation and scheduling (chapter IX)

Two years before the start-up of the plant, 2 management team will
have to be set up to implement the project.

Labour costs incurred in the implementation will amount to
US$ 80,000 in the case of Thailand and to US$ 146,000 in the case of
Malaysia.

The time schedule for the CO-plant and formic acid plant is about
33 months.

Total pre-production costs other than equipment will amount to
USS 15,617,000 in the case of Thailamd, of which some 44 per cent or
US$ 6,799,000 are local pre-production costs. The total pre-production
costs in the case of Malaysia will amount to USS 16,483,000, of which
scme 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 and award the contract.

1.9 Final analysis (chapter X)

A. Total investment costs (US$ 1,000)

Thailand Malaysia
Building civil engineering 6,799 8,646
Equipment 14,020 13,845
Pre-production capital expenditure 8,898 7,983
Interest 2,519 2,368
32,236 32,842

B. Project financing (US$ 1,000)
Thailand Malaysia
Equity 8,598 10,908
Foreign loans 19,318 17,248
Local loans 3,520 4,434
Bank overdraft 800 252
32,236 32,842

C. Total production costs (US$ 1,000) (3rd year of operations)

Thailand Malaysia
fixed variable fixed variable

Factory costs 853 2,682 628.2 2,956
Other costs

Administration 97.7 102.5

Sales and freight 605.15 368.2
Depreciation 1,962 1,988
Financial charges 1,757 1,606

4,609.7 3,287.15 4,324.7 3,322.2




D. Financial evaluation

a. The cumulated cash balance is negative throughout, both for
Malaysia and Thailand.

b. Losses for the first five years (US$ thousand)

Year First S-cond Third  Fourth Fifth
Thailand ~-3,204 -2,617 -1,737 -1,697 -1,656
Malaysia -2,625 ~2,025 -975 -931 -887

¢. Net present value and IRR:

IRR NPV at cut-off rate of:
Thailand 0.87% 128 = -16,563,880
Malaysia 3.04% 158 = -15,743,320

d. The break-even point is aot found in either

e. Debt service ratio (net cash-flow/debt service) for the first

ten years:

First year
Second
Third
Fourth
Fifth
Sixth
seventh
Eight
Ninth
Tenth

Thailand

-0.35
0.53
0.81
0.96
0.98
1.00
1.02
1.04
1.06
0.76

E. Sensitivity analysis

Alternative I:

Case 1I.

Case II.

Alternative II:

Higher sales prices

Export to Malaysia and others
Domestic to Thajiland

Export to Thailand and others
Domestic to Malaysia

Thailand Malaysia
IRR: 4.2% 6.38%

Reduced investment (by 20%)

Thailand Halaysia

IRR: 2.59% 5.09%

case.

Malaysia

n.02
0.68
1.15
1.31
1.34
1.37
1.40
1.43
1.47
1.08

uss/t

817
667

758
816
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Alternative IXII: Reduced variable costs: 20%

reduction un CO-gas generation, utility and energy,
maintenance and sales promotion costs

Thailand Malaysia
IRR: 3.06% 5.07%

Alternative IV: The combination of the above three alternatives

Thailand Malaysia
IRR: 7.91% 9.75%

Alternative V: Tax holiday given to alternative IV

Thailand Malaysia
IRR: 8.57% 11.21%

1.10 Conclusions

The financial indicators for the base assumption are all negative.
It implies that the formic acid plant would not operate profitably either
in Kalaysia or in Thailand. The reasons for this negative financial
implication would be: (i) high initial investment, (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 formic acid. This does not, however, lead to the conclusion that
the AIJV project should be dropped and that no further follow-up be
envisaged.

The above-mentioned three areas have a good reason to review the
possibilities of improvement of the financial profitability. Lower
initial investment and variable costs could be achieved through careful
and skillful negotiations with suppliers and contractors while higher
sales prices could be applied with the Government'’'s support imposing a
higher tariff rate.

According to the sensitivity analysis, however, the change of para-
meters in each area alone does not improve the financial indicators
significantly. Combining the three only shows a somewhat remarkable
improvement - but not sufficient enough to fully recommend the project
for follow-up.

The IRR for both 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.




It should be noted that the production programme (sales forecast)
has to be further reviewed carefully. The sales projection has been made
assuning the originally quoted prices and even the higher prices
supported by the higher tariff rate are "competitive™ (10 per cent lower
than that of competitors' products which are presently being sold and
would be distributed in the future by non-ASEAN producers).

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 marketing effort would be required in the first three years
of operation. Particularly the Indonesian product which will soon be
introduced to the ASEAN market will become a strong competitor although
it 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 sensitivity 4, in combination with
three areas of improvement, indicates that the minimum of 89 per cent and
70 per cent of full production volume in Thailand and Malaysia
respectively should be secured. This does not seem to be an easy task.

In summary,

(1) The project with basic assumptions and cost estimation shows
negative financial indicators for both Thailand and Malaysia;

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

(3) Sensitivity analysis on changing parameters in the above three areas
concludes that no drastic improvement can be expected by changing
parameters of one single variable (area). The significant improve-
ment could only be made by combining the three areas, i.e. 20 per
cent lower initial investment, 20 per cent lower variable costs
(selected), and higher sales price assuming the higher tariff rate
which would protect the products in question.

(4) Even the above combined assumption shows vulnerable financial
indications in both Thailand and Malaysia. However, it may be
acceptable for individual entrepreneures and/or the Government to
pursue the possibility of naturalization in view of possible further
improvement in its financial terms;

(5) The prices are established at 10 per cent lower than the present
competitive prices to ensure the projected sales volume. The fore-
casted sales volume must be achieved in order to secure the
estimated cash generation. A failure would make an extremely
negative financial implication;

(6) No significant advantages have been ilentified 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 improve very
marginally;
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In the case that no entrepreneur in Thajland and Malaysia initiates

immediate follow-up, possibilities of co-operation with the Indone-

sian formic acid plant under AITV should be pursued. The situation
may be reviewed six months after formal submission of this report.




II. BACKGROUND AND BISTORY OF TRE PROJECT
2.1 General outlook of formic acid

Foraic acid has been imported and consumed in the ASEAN region
mainly for rubber industry and marginally for the tanning and textile
industries. Industrialists in ASEAN point out that a potential market in
this region would be significant enough to establish a manufacturing
facility. The major rubber producers in this region are Indonesia,
Malaysia and Thailand. The product imported from the Federal Republic of
Germany and other European countries has a concentration of 90 per cent
and the one from China is at 85 per cent.

Specifically, the application pattern of formic acid in Malaysia and
Thailand greatly differs from that of the industrialized countries where
it is mostly used in fodder preservation (silage making), in the textile
industry (acidification of vat dyes and as exhausting agent in the dyeing
of cotton and wool), chemical synthesis, pharmacy, electroplating,
leather tanning and so on.

In Malaysia and Thailand formic acid is mostly used in the coagula-
tion of natural rubber. Here it competes with mineral acids like the
sulphuric acid which is stronger and cheaper. The advantage of formic
acid steas from the fact that it is safer to use than aineral acid.

The other uses of formic acid in Malaysia and Thailand are in the
textile and tanning industries where it competes with acetic acid which
is safer to use. However, taking into account that acetic acid is at
least 70 per cent more expensive than formic acid and that its acidity is
ten times less, the availability of cheap formic acid guarantees future
increases in its consumption in industrial sub-sectors. Currently the
consumption of natural fibres is steadily growing so that the use of
formic acid, especially in the textile industry, will grow all the more
since its application does not require as sophisticated an equipment as
that of mineral acids in this industrial branch.

2.2 AlJV possibility of formic acid plant

A project idea for the production of formic acid in the ASEAN region
under AIJV was identified during the first phase of DP/RAS/85/010. In
view of expected larger sales volume between one among participating
countries and 90 per cent of marginal tariff preference, it was
considered that the AIJV schems would be very advantageous. At its 1987
annual meeting (Oct. 1987), the Committee for Industry, Mining and Energy
(COIME) endorsed the undertaking of an opportunity study to investigate
the financial and technical viability of an eventual formic acid plant
to be established either in Malaysia or Thailard.

In the meantime, an Indonesian company has coapleted the pre-invest-
aent studies for a formic acid plant in Java with the intention to cover
mainly the Indonesian market. The construction will be completed in
August 1988 and the production will start in September 1988. Eventually,
the plant size was increased to 10,000 t/y. This plant will have excess
products which would have to be sold in other ASEAN countries. In
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addition to this Java plant, Indonesia is contemplating a second
10,000 t/year capacity formic acid plant in Northern Smatora. This
project does not seea to be immediately implemented because of various
economic reasons.

Despite this Indonesian development, Malaysia and Thailand expressed
continucus interest in undertaking the opportunity study. This decision
is based on their assessment that the formic acid consumption in these
tvo countries would justify the minimum plant capacity of 5,000 t/year
and that future demand would increase to the extent that a plant of
10,000 t/y capacity would be fully justified commercially.

2.3 Purpose of the opportunity study

The manufacturing facility, if it were proven profitable, could be
located either in Thailand or Malaysia. The project sponsors in Thailand
have not been identified at this stage. The Malaysia Industrial Develop-
ment Authority (MIDA) undertook a preliminary market investigation and
forecasted a total consumption of formic acid in the range of 17,000 to
22,000 t/year for the ASEAN region.

On the basis of this study, MIDA has given approval for the
establishment of the formic acid plant to two Malaysian companies. This
was three years ago but no specific follow-up action has yet been taken.
This opportunity study is aimed at promoting the materialization of
formic acid plant either in Malaysia or Thailand under AIJV if proven
commercially profitable. The opportunity study in general could investi-
gate various alternatives before moving to the next step, i.e. the
zompilation of a feasibility study. For instance, even if the financial
analysis shows vulnerable aspects for prime assumption, the opportunity
study leaves rooa for further investigations on various alternatives.
Thus, reviewing various altermatives would be the essential use of this
study.

2.4 Specific remarks on this report

Ascertaining the market size, in this region as well as outside the
ASEAN regisn, would thus be one of the most crucial factors. In addition
to Chapter III, an in-depth market study on end-users’ aspects in Thailand
and Malaysia as well as gathering information on secondary demand and
supply in the world market will be carried out separately from this
opportunity study and annexed to this report upon its completion.

The other important factor in this study would be the raw material
(CO gas) availability and its cost including CO-gas separation costs.
Chapters IV to IX explain relevant aspects of both formic acid and CO-gas
separation plant separately, since CO gas has to be separated to be used
as main rav material for formic acid. These chapters therefore have
sub-headings of CO-gas plant and formic acid plant. This means that a
CO-gas plant is to be built within the premises of the formic acid plant.

As mentioned earlier, this study will investigate possibilities of
establishing a formic acid plant either in Thailand or Malaysia. The
cost investigation was carried out for each case. Except for chapter VI:
Engineering, each chapter therefore also has sub-headings for Thailand
and Malaysia.




III. NARKET AND PLANT CAPACITY

3.1 Guidelines of sales forecast and price determination

The sales forecast of formic acid is derived froam the present and
past import volume in Thailand and Malaysia and the estimation of future
consumption of formic acid in rubber industry mairly in these two
countries. In addition, the present import volume in the Philippines and
other neighbouring countries such as Sri Lanka and India will also be
taken into account as a marginally additional export volume from the
proposed plant.

The estimation of future consumption is based on the investigation
of the end-user consumption patterns and future growth rate of rubber
-products - particularly the products which require foramic acid for
coagulation such as SER CV and SMR L, SMR LV, SMR 5 and SSR in the case
of Malaysia and high quality products equivalent to the similar standard
applied for Thailand.

The sales price of formic acid produced from the proposed plant is
also a crucial dominant factor in determining the sales volume. The
formic acid is presently being imported from Europe and Chima into the
ASEAN region. Indonesian products will be penetrating into Malaysia and
Thailand in the near future, as early as 1989. In view of this present
and future competitive situation in the ASEAN region, the price tc be set
up for the proposed formic acid will infuence the sales volume subs-~
tituting import products to a great extent. Presently, the sales prices
of different products in the ASEAN region is rather low, possibly lower
than the unit production cost of the originating factories.

No tariff is presently imposed on formic acid in Malaysia and no
effects exist on import product protection. For Thailand, it is 20 per
cent. One assumaption which could be applied in this study is to lift the
tariff to the level where the local products ensure the profit froa
higher sales price. However, the impact on lifting the tariff om formic
acid may be extremely significant for rubber industry in both Malaysia
and Thailand. Therefore, the study did not opt for the idea of lifting
up the tariff rate as a prime assumption to enable the sales price to be
set up higher than the present competitive price. However, the higher
price range was set-up taking into account reasonably acceptable tariff
increase for sensitivity analysis.

3.2 Denand forecast

Table 3.1 shows the import statistics of formic acid in Thailand,
Malaysia and the Philippines.

Table 3.1 Import statistics of formic acid (tons)

Country 1982 1983 1984 1985 1986 1987
Thailand 880 953 1,396 1,188 1,402 2,471
Malaysia 4,958 5,516 5,437 6,438 4,340 n.a.

Philippines 227 401 3157 232 299 n.a.




3.2.1 Thailand

The drastic increase of the figure, from 1,402 t/y in 1986 to
2,477 t/y in 1987 is attributable mainly to the encouragement of the Thai
Rubber Research Institute to use more formic acid in order to improve
rubber quality. Small rubber plantation holders in Thailand were not
well acquainted with the organized and more effective coagulation process.
There is an eainent trend towards improvement of rubber products by using
formic acid in Thailand.

Table 3.2 Future prospect of WR products in Thailand

1986 1987 1988 1989 1990 1991 1995 2000

Production 792 %36 872 913 954 1,000 1,217 1,325
(1,000 tons)

Source: Thai Rubber Research Institute

As shown in table 3.2, the natural rubber products in Thailand will
grow to the level of 1,325,000 t by the year 20060. It is almost 70 per
cent of the net growth as compared to the 1986 figure. It may be too
optimistic to assume that the above-mentioned increase will continue in
1987 along the increase of natural rubber production. It may have to be
rather conservatively assessed with respect to the recent hike of latex
concentration price and the eminent corresponding shift of rubber produc-
tion to this product. Latex concentration does not require formic acid.

In addition to the consumption of formic acid in the rubber industry,
it is assumed that about 15 to 20 per cent of the consumption is derived
from textile and tannery inustries in Thailand. This segment may increase
constantly. Taking into account the above statistics and exported trend,
the formic acid consumption in Thailand is forecasted as follows:

1987 1988 1989 1990 1991 1992 1993

(t) 2,400 2,700 3,000 3,300 3,600 3,900 4,200

3.2.2 MNalaysia

Table 3.1 shows an eminent decrease in formic acid import in Malaysia.
This is mainly attributable to the above-mentioned shift of rubber products
to latex concentration. Another reason might be the carried-over stock
when relatively cheap products arrived from China and/or due to the
increase of CIY price in 1986 as compared to that of 1985. It seeas
unrealistic to assume that the total rubber production in Malaysia would
increase to meet the demand in latex concentration while keeping the pro-
duction level of SMR LV and LS, L10 and RSS unchanged in the next several
years. Therefore, a gradual decrease of foramic acid consumption in the
rubber industry is foreseen in the next few years. This trend, however,
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should not be considered as a constant shift. The trend would change
corresponding to the price fluctuation of different rubber products.
Taking into account the other uses of formic acid, which have not been
studied in-depth in this opportunity study, it is assumed that the
consumption of formic acid in Malaysia will come back to the level of
1985 (6,438 t) in five years. 1In other words, the increased demand for
formic acid in textile and tannery may maintain the demand level at
5,500 t/y for the next few years and then reach the level of

USS 6,500 t/y in 1992, to become US$ 7,000 t/y in 1993. The demand
forecast is as follows:

Forecast demand for formic acid

1988 1989 1990 1991 1992 1993

(t) 5,500 5,500 5,500 5,500 6,500 7,000

3.2.3 Philippines

It shows an irregular trend in formic acid import volume in the
Philippines. Due to lack of suppor*ing data that would explain clearly
its reason, this study assumes that the future demand will be based on
this present import volume i.e. approximately 300 t/y. It may grow to
the level of 500 t/y. This study did not consider Indonesia as a possible
exporting country due to the recent establishment of a formic acid plant
in Java vhich will most likely cover the entire domestic market. The
following forecast is made for the Philippines:

1988 1989 1990 1991 1992 1993

(t) 400 450 500 550 550 550

3.3 Price construction

Table 3.3 shows the CIF prices of competitors in 1986 for Malaysia,
Thailand and the Philippines.
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Table 3.3 Importers of formic acid in 1986 and their CIF price
(USS/t)

Thailand Malaysia Philippines
Volume CIF Volume CIF Volume CIF

Switzerland 0.15 - - - - -
China 722 497 528 445 16 485
Fed.Rep.Gernmany 544 542 2,31 498 108 491
United Kingdoa 417 661 215 482 41 430
Italy 101 442 - - - -
Netherlands 62 537 0.3 - 20 470
UsSA 31 526 142 574 .1 -
Australia - - 0.11 - - -
Japan - - 40 452 - -
Singapore - - 12.5 519 98 491
People’s Rep.

of Korea - - 947 556 - -
Hong Kong - - - - 16 485
France - - - - 0.02 -
Total 1,402 4,340 200

3.3.1 Case I: Hanufacturing facility established in Thailand

The CIF prices in Thailand are presently centered around US$ 550 and
USS 600/t. Ome of the importers in Thailand recently placed an order for
USS 600 for 1988. Thailand imposes 20 per cent of tariff and 1.923 per
cent of business tax plus 0.155 per cent of municipality tax on imported
formic acid at the importers’ level. 1In addition, 3 per cent for handling
and transportation charges are borne by importers and roughly 10 per cent
of margin is granted by importers.

Thus, the price of foraic acid to the large consumption end-users
and/or retailers would be approximately US$S 820. It may be practical to
deduct 10 per cent from this price in order to substitute the import
products with effective price incentives to the existing rubber planters/
/retailers. 1In other words, the manufacturing plant in Thailand may be
able to penetrate and substitute the imported products with the relling
price of USS 740.

The CIF prices to NMalaysia fall into the range of US$S 450 to 570.
The major consumers of formic acid in Malaysia call for tender once or
twice a year. This means that the price incentives for penetration to
Malaysian market is not considered since the end-user can change suppliers
by a simple economic price advantage due to its tendering nature.

The price finalized in one of the recent tenders is somevhere around
US$ 640. The importers in Malaysia should be able to bid lower than this
price. Presently, no tariff is imposed on imported formic acid in
Nalaysia. Therefore, the CIF price should be set up at US$ 565 allowing
thea 10 per cent of profit margin, plus 3 per cent of handling charge.




The CIF prices to the Philippines do not differ so much froa those
of Malaysid; therctore, %the same selling price to Malaysia was applied
for financial anaiysis.

3.3.2 Case II* HManufacturing plant established in Malaysia

The plant in question will be able to participate in tenders directly
without using sales agents. The selling price can thus be set up at
US$ 640.

One of the recent CIF prices placed by an importer in Thailand is
USS 600. Assuming the product could enjoy 90 per cent of marginal tariff
performance, the competitive price could be set up at 18 per cent higher
than this CIF price, i.e. USS 708.

The CIF prices to the Philippines are slightly lower than those of
Thailand. However, the same selling price to Thailand was applied for
financial analysis since a very little impact is anticipated in this
price difference for the Philippines. The above price deteramination does
not take into account the product which will soon be marketed from the
nevly established Indonesian plant. Their product may be sold in
Malaysia and Thailand at a price lower than the recent CIF prices
investigated for the products coming into these countries.

3.4 Tariff consideration vis-a-vis sales price

This study ¢ not primarily consider the lifting up of the tariff.
The rubber industry in Malaysia is one of the key sectors and increase of
purchase price of formic acid at the end-users’ level will have consider-
ably negative impact. Particularly the recent rubber product mix trend
does not grant any possible increase in production costs for the products
using formic acid. It may azcelerate the shift of the products to latex
concentration and RRS. As a result, the future production volume of SMR,
CV, L, S, 10 which use formic acid may not be maintained or even decreased
against the above forecast. This is also applicable to Thailand. The
formic acid price increase will discourage the small rubber plantation
holders from its use. The sales forecast made above is therefore on the
basis of purely economic competitiveness.

Since the tariff rate is always subject to changes and determined on
the basis of political implications, however, the following alternate
prices are put forward for sensitivity analysis. Those prices are cal-
culated by adding a net 20 per cent more on the existing tariff. Each
price is shown in the following table 3.4 and an example of the calcula-
tions is also shown in table 3.5.

Table 3.4 Competitive prices (USS)

Basic When higher
assumption tariff is applied

CASE I: Domestic to Thailand 740 817
Export to Malaysia 565 667
CASE 1I: Domestic to Malaysia 640 758

Export to Thailand 708 816
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Table 3.5 Calculation of competitive price for
domestic Thailand products (US$ CIF)

Base case Assuming a higher tariff!/
(%) (%)
Tariff 20 36
Business tax 1.953 1.953
Municipality tax 0.195 0.195
Handling charge 3 3
Margin for importer 10 10
35.148 51.148

USS 600 (CIF) X 1.35148 = USS 820 USS 600 (CIF)X 1.51148 = USS 907
less 108 for
competitiveness = USS 740 less 10% = US§ 817

3.5 Production programme

It would take at least four to five years to launch the plant for
production, even if a decision is made now to follow up this opportuaity
study for the further feasibility study and eventual start-up stage. As
it will be further explained in Chapter IX, the construction period would
be 33 months after signing contracts. It would probably take two addit-
ionzl years to complete a feasibili*y study and all the necessary
negotiations prior to the construction start-up. This means that the
earliest possible producticn year would be 1992. According to the demand
forecast, the demand in Malaysia, Thailand and the Philippines are as
follows:

1992 1993 1994 soss sses
Nalaysia 6,500 7,000 7,000 cocs cene
Thailand 3,900 4,200 4,200 cece caee
Philippines 550 550 550 coee e
Total 10,950 11,750 11,750

The study assumes that the production of 1992 is 50 per cent of fall
production, 1993 for 70 per cent, 1994 for 100 per cent and this level
will continue. The plant may have difficulties in its sales in the first
year. However, 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 promotion funds allocated. It requires
intensive marketing efforts to materialize the following production
progranme.

1/ 90% of marginal tariff preference is being applied.
Thus, 40% X 0.9 = 36%.
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1992 1993 1994 1995 1996 ceee
Malaysia 3,000 4,200 6,000 6,000 6,000 cene
Thailand 1,750 2,450 3,500 3,500 3,500 ceee .
Philippines 250 350 500 500 500 cene
Total 5,000 7.000 10,000 10,000 10,000

3.6 Sales promotion

It requires a strong sales promotion to penetrate into a new market by
substituting the import products.

3.6.1 Case I: Manufacturing in Thailand

In this country, formic acid is directly distributed through importers
and wholesalers to the end-users. It appears that business connexions of
wholesalers and importers with ultimate end users are strong and price
incentive to change products should be significant. Thus 10 per cent
lower price is set up as competitive price. 1In addition, 10 per cent of
sales turn-over is reserved as promotional funds. This is the figure
used as a yard stick in other formic acid plants in industrialized
countries. Export to Malaysia 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, approximately two per cent
of sales turn-over is asumed for sales promotion. Thus, the total sales
promotion budget required during the full production period would be
Us$S 332,450.

3.6.2 Case II: Manufacturing in Malaysia

Due to the nature of tendering in practice in Malaysia and possible
large volume of sales to estates and corporations holding small planters,
only two per cent of sales turn-over is assumed as sales promotion in
Malaysia. The same percentage is also assumed for the foreign sales to
Thailand because of the same reason mentioned 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 1I: Manufacturing in Malaysia

Sea freight costs are estimated at US$ 30/t between Bangkok and any .
port on the peninsular island of Malaysia. PFurthermore, local transport-
ation for both cases is assumed at 3 per cent of sales turn-over, i.e.
US$ 19.2/t for Malaysia domestic transportation and US$ 22.2/t for .
Thailand.
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IV. MATERIALS AND INPUTS

4.1 General description of raw materials

The main raw materials for the selected methylformate process is
high purity carbon monoxide (98-99 per cent), methanol and the catalyst.
Methanol and the catalyst have tc be bought on the market while carbon
monoxide has to be produced on the site.

4.1.1 Carbon monoxide

Carbon monoxide can be produced either by reforming a hydrocarbon
feedstock or it may be separated from CO~containing streams. There exist
tvo major feedstocks suitable for CO production. These are from:

1. Conventional sources

- 1light hydrobarbons as: natural gas, LPG, naphtha,
- heavy hydrocarbons as: fuel 0il, heavy residue,
- coal or brown coal.

2. Non-conventional sources

- CO-containing gas streams from the chemical industry
- off-gases from steel industry and other by-product gas streams.

In the case of conventional feedstocks, the CO production plant
consists of two process sectionms, namely: 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 CO:
. autothermal reforming with oxygen and steam
. partial oxidation with oxygen.

- for hLeavy 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 apjplied:

1. a pre-purification step to remove acidic components such
as COz, water and S-components (COS, HzS, RSH)




2. a final separation/purification step. The following technologies
may be used:

(a) cryogene separation (Cold-Box)

(b) absorption technology (pressure swing absorption - PSA)
(c) membrane technology (MONSANTO prism filter)

(d) reversible complexation such as the COSORB process.

Eventually, the separation proc. ises mentioned in the above two may
be combined.

In order to reduce the price of formic acid it is necessary to find
the cheapest source of carbon monoxide preferably ore of those listed
under non-conventional sources, since these do not require setting up
costly reforming equipment and are gemerally cheaper than the conventional
sources.

4.1.2 Methanol

Methanol can be bought on the local market both in Thailand and
Malaysia. HNethanol which is recycled in the process (serves as an agent)
is actually the least important raw material as it is needed in quantities
not exceeding 300 t/year which corresponds to US$ 58,000/y at full
capacity in Malaysia and US$ 52,560/y in Thailand.

4.1.3 Catalyst

The catalyst has to be bought from the supplier of the process. The
components of the catalyst are not openly disclosed. It has to be in
stock for half a year which incurs a raw material outlay of
USS 75,000/half year to be stored.

At full production capacity, the catalyst cost is US$ 150,000.
4.1.4 Containers

Nowadays, the consumers in Thailand and Malaysia are used to
receiving formic acid in 28-litre or 35-litre containers. In calculating
the cost of containers the fact has been taken into account that the
containers in Malaysia can be recycled so that only 3,000 containers at
the a price of USS 4 have to be replaced each year because of wear and
tear (total US$ 12,000/year). The whole quantity of containers needed in
Thailand, i.e. 72,500 pieces/y at an annual cost of US$ 290,000/year is
unrecoverable. Thus the total cost of containers amounts to US$ 302,000
per year.

4.2 Sources of CO gas
Thailand

In Thailand, a non-conventional source of CO-gas was not identified
and the only possibility found vas to reform the available natural gas at
the Ma Ta Phut Industrial Complex. Since inexpensive oxygen is not
available, the autothermal reforming of natural gas was not chosen.
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Natural gas is available as treated gas, raw gas I and raw gas II
mainly differing in the content of COz (see Annex I). Raw gas I contains
23 per cent CO2 and raw gas II contains 14.57 per cent COz. Thus both
gases are suitable for CO:2 reforming.

Since the 10,000 t/y formic acid plant needs about 600 Na?/hour
CO gas which is quite a small quantity, it is rnecessary to choose the
cheapest reforming and separation process which makes use of the CO:
present in the gas.

Such cheap alternative presents the combination of the CALCOR C
process of the Caloric Company of Munich, Fed. Rep. of Germany, and the
Cold Box separation process of LINDE, Munich Fed. Rep. of Germany (see
Annex 11.2). There is no need to pre-treat the gas in a desulphurisation
step, since this has been done in the gas pretreatment plant.

In order to deciease the gquantity of additional CO: needed for the
reforming it is recommended to use Raw Gas I as feedstock for the
Calcor-C reformer. The necessary quantity of CO:-gas (about 80 Nm?/hour)
is available at no cost from the PTT's gas separation plant.i/

The price for Raw Gas I has been calculated on the ratio of the
price for natural gas (US$13.5/10 Kcal) and the heating value of the gas
(7,697 Kcal/Nm®) to be USS 0.1039095/Nm3 .

The plant capacity was set up according to the available offers from
Caloric and Linde to 830Nm®/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 Nm?/hour CO gas, the Co-plant has about
40-45 per cent reserve.

Besides the CO gas product, the plant produces 462 Nm?/hour Hz-rich
gas containing 85.05 mol & Hz, and 10.76 mol % CO. This gas will be
either burned or sold to the ammonia plant which is being planned in the
framework of the fertilizer complex. This gas has been assumed in the
present calcilation as having zero value.

Halaysia

In Malaysia there are several non-conventional sources of CO-gas
(see Annex III). The most significant source is blast furnace off-gas -
BFO containing 25.4 mol % CO, 14 mol & COz, 5.5 2ol & Hz, 0.7 mol & CHs,
the rest being nitrogen in the Malayawata Steel Company in Penang. The
gas is available in sufficient quantity - 192 X 10¢ Nm?/year at a
pressure of 1.35 bar. The CO from this gas may be separated by the
"Pressure Swing Absorption” consisting of two units where the first
absorbs CO: and the second unit separates carbon monoxide. The plant
will consume 5,650 Nm3/hour or 45.2 10°Nm3/year raw gas. It will produce
1,000 Nm?/hour 98 per cent CO-gas and 4,650 Nm3/hour off-gas containing
mostly nitrogen and CO2. This off-gas may be let out into the atmosphere.

1/ The CO; gas available will be desulphurized in the future.
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Actually the PSA-plant will act as an antipollution measure, since it
will purify the blast furnace off-gas from the toxic coamponent, CO-gas.
Since the BFO is currently let out into the air, it has been assumed that
it has a zero value.

The description and cost of the PSA-plant are in Annex II.1.

The PSA-separation process has been given priority over the COSORB
process because of its simplicity and ease of operation. The price of
the produced CO-gas is USS 0.07184/¥m®. This is the lowest among other
alternative sites which will be described below in Chapter V.

The Malayawata Steel Co. has also another source of CO. 7This is the
off-gas from the basic oxygen furnace. However, this off-gas has proved
to contain less CO than expected (8.8 per cent CO against the expected
60 per cent CO). MNost probadly the Malayawata Steel Co. does not
carburate the BOF with butane at all. The composition of the off-gas
(see Annex III.1) does not allow for economical separation of the CO.

4.3 Costs of CO gas to the formic acid plant

CO-gas will be generated within the premise of the formic 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. The
details of variable costs of 1 Nm® pure CO-gas are shown in Annex IV.

Carbon monoxide will be produced by CO:-reforming of natural gas by
the CALCOR-C process in an independent unit. The composition of natural
gas is as follows: C;-95.72 mol%, C2-1.85 mol &, C3-0.02 mol &,

02-0.45 mol %, N2-1.96 mol &.

The consumption of natural gas is 600 Nm?/hour which corresponds to
4,800,000 Nm?/year. The price of natural gas is USS 0.1039095/Nm3.

Unit Price/unit Consumption Cost/hour Consumption Cost/year
(Us$) per hour (Uss) per year (USS)

Natural gas
Na? 0.1039095 600 62.35 4,800,000 498,765

The CO-gas production is 830 Nm? as 100 per cent.

In order to produce 10,000 t of 90 per cent pure formic acid, it
requires 558 Nm® carbon monoxide. The unit cost for CO is USS 0.138275.
This unit cost is derived from calculating the cost of electricity,
steam, cooling water, instrument air and Nitrogen. The cost of one ton
of CO gas will be USS 77.1575.

Carbon monoxide will be produced from the blast furnace off-gas by
PSA separation in a capacity of 1,000 Na®/hour. The composition of the
BFO is: CO - 25.4 mol%, COz - 14 mol%, Hz - 5.5 mol%, CHe - 0.7mol¥,
N2 - the rest.
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Consumnption of the blast furnace off-gas is as follows:

Unit Price/unit Consuaption Consumption
(UsS) per hour per year
Blast furnace
off-gas Na? 0 5.650 45,200,000

In order to produce 10,000 t of 90 per cent pure formic acid,
558 Nn? of carbon monoxide are required at a cost of USS 0.07184/Nm3.
The cost of CO gas thus will be USS 406.176/t.

4.4 Summary of all required rav material costs

The following table shows the ravw material costs (USS) for the
manufacturing of formic acid by the methylformate process, both in
Thailand and Malaysia. It should be noted that, except for carbon
monoxide in both cases (Thailand and Malaysia), the catalyst as well as
the containers form a substantial portion of the ravw material costs.

Thailand
lav Sepply?/ ¥eit  Cosswaption Cost Comsumption  Cost
paterial  sowrce Specification UOait cost / t SOSEL  /toa  /year fyear
A
- carbon
nonoxide L toxic gas B 010215 §5¢  77.1575 5,580,000 771,575
- sethamol  F/L  toxic liqeid ¢t 110 €.0297 5.256 M2 52,560
- catalyst ¥ solid | {] 6 1.5 15 60,000 150,000
91.7505 974,135
5. containers 102,000
Malaysia
Swpply®/ Uait Coaswsptios Cost/t Comsuaption Cost
Raw material sosrce Specification Usit cost per t 30% IA per year  /year
A
- carbos
ponoxide L toxic gas »n 0.072 558 40.176 5,580,000 401,760
- sethanol L toxic liquid t 200 8.029 5.4 b1} 58,000
- catalyst ! solid 0] 1 .5 15 60,000 150,000
60.976 609,760
3. containers 302,000

1,4 L= locl
? = foreign
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The carbon monoxide cost coaprises the cost of the rav materials
(natural gas in the case of Thailand and blast furnace off-gas in the
case of Malaysia) and utilities. Thus the cost of the utilities needed
to produce 1 Na® CO-gas is contained in the carbon monoxide cost. The
calculation method is shown in Annex I.

As it can be gathered from the Annex IV, -the cost of natural gas
nakes up more than 50 per cent of the variable costs of carbon monoxide
production.

The price of raw material and utility for C0O-gas produced in Ma Ta
Phut, USS 0.138275/Ma*, is higher than the price of CO—gas produced from
the blast furnace off-gas in Malayawata Steel, Penang, NMalaysia -

USS 0.071840/Ma®. This price does not reflect export of H: off-gas,
since it bhas very little influence om it.

4.5 Utilities and energy
Thailand (formic acid plant)

Price Price/ton Price
/unit Consumption FA (90%) Consumption /year
Local Onit {(USS) per ton uss per year (uss)
Electricity kKWL 0.067 260.0 17.42 2,600,000 174,200
Steam 10-13 bar t 10.7 7.65 81.855 76,500 818,550
Nitrogen | 0.37 18.0 6.66 180,000 66,600
Instrument air Na* 0.02 18.0 0.36 180,000 3,600
Cooling water 0.0227 468.0 10.6236 4,680,000 196,236
Condensate
return a? 1 -0.54 -0.54 5,400 -5,400
Total cost of utilities per year 116.38 1.163,800

The CO-gas plant utilities are contained in the variable costs of
the CO-gas which is used as raw material for formic acid. For COMFAR
calculations, electricity and steams are classified as “"ENERGY" and the
rest as "UTILITY".

The total cost of utilities and energy for the formic acid plamt in
Thailand is USS 1,164,000 per year.
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Nalaysia (formic acid plant):

Price Price/ton Price

/unit Consumption FA 90% Consumption /year
Local Unit  (USS) per ton uss per year (Uss)
Electricity kWh 0.0576 260.0 15 2,600,000 150,000
Stean 10-13 bar t 12.4 7.65 94.86 76,500 948,600
Nitrogen Ma? - 18.0 - 180,000 -
Instrument air Wa? 0.01 18.0 0.18 180,000 1,800
Cooling water B 0.16 468.0 74.88 4,680,000 748,300
Condensate

return n? 1.0 -0.54 -0.54 -5,400 -5,400

Total cost of utilities per year I 184.40 I 1.844,000

The total cost of utilities as energy for the foramic acid plant
amounts to US§ 1,894,000 per year. For COMFAR calculations, electricity
and stean are classified as "Energy” and the rest as "Utility".

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

Suppliers of raw materials and utilities

All the raw material is available in the ASEAN region except the
catalyst which must be supplied by the licensor. Utilities are of local
origin.

4.6 Other alternative carbon monoxide sources in Malaysia

Another possibility to produce carbon monoxide is to use the unshif-
ted slip stream from the ammonia plant of the ASEAN Bintulu Fertilizer
complex. This alternative does not require generating of CO-gas but only
separating it. The most appropriate method of separation is using the
COSORB system of the KTI company of Holland which has integrated the
COSORB plant with an ammonia plant and has a reference unit in the
People’'s Republic of South Korea. As can be seen in the annexed calcu-
lation, even with high prices of cooling water, the COSORB system is able
to produce relatively cheap carbon monoxide.

The composition of the slip stream is in Annex III.2.

According to the KTI offer to Chemoproject, Prag, 1984, the inte-
grated COSORB plant produces 99 mol & CO-gas. For 1000 Nm2/hour CO-gas,
5,862 Wa? /hour unshifted slip stream are needed. Besides CO-gas, the
COSORP unit returns 4590 Na? /hour Hz-rich gas (71% Bz) and 95 Nm?/hour
flash gas (64.1% Hz2) to the ammonia plant. Taking into account the price
for the return product the COSORB-ammonia integrated plant produces quite
cheap carbon monoxide. At USS 0.07986/Wm?, this carbon monoxide is
conparable to the CO-gas produced from BFO in Malayawata Steel.
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It should be noted that this scheme of producing 1000 Ma?/hour
CO-gas requires only 1 per cent more fuel, 0.7 per cent more feed to the
Bintalu 1000t/day ammonia plant without sacrificing any of its ammonia
production. The carbon dioxide quantity will be reduced by 2 per cent.

Sabah Cas Company
The Sabah Gas Company has two possible sources of carbon momoxide:

- Off-gas from the hot briqueted iron plant (NBI-off-gas) which
contains 25.2 mol & CO and is available at a pressure of 1.3 bar abs
{(composition, see Annex III.3).

- Nethanol synthesis gas containing 21.75 per ceat CO, available at a
pressure of 48 bars abs. HNowever, owing to the expansion plams at
the methanol plant, this gas cannot be used for the manufacture of
formic acid.

The HBI off-gas contains 3 per cent of methane which is very hard to
separate from carbon monoxide. Thus PSA alone camnot separate CO from
this feedstock. It is necessary to combine a simple PSA-unit comsisting
of four absorbers with the Cold-Box. PSA will separate COz first and
then Cold-Box will separate the CO gas. Another possibility is to use
MEA-working for the separation of CO: and Cold-Box for the separation of
CO. There is also the possibility of using the COSORB system. Prior to
the separation the iron particles must be separated in 2 magnetic filter
and hydrogen sulfide must be entrapped in an absorber filled with ZnoO.

In any case, it will not be easy to provide CO-gas from the HBI
off-gas.
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V. LOCATION AND SITE

A formic acid plamt, including carbon momoxide plant and off-site
facilities, requires an area of about 24,800m2 land along with full
supporting infrastructure and utilities (electricity, water, steanm.
etc.). The criteria for selection of such a site are as follows:

1. Availability and access to CO gas,

2. Availability of cheap steam, electricity,

3. Access to market and port facilities for export,

4. Availability of own infrastructures such as telecommunications,
5. Enviroamental protection.

Investigation of these elemeats is to be made both in Thailand and
Nalaysia. In the case of Thailand, Mah Ta Phut is recommended and
Penang for Malaysia. The location maps are attached as Amnex V and the
corresponding details follow:

5.1 Thailand

5.1.1 HNa Ta Phut complex

The Ma Ta Phut complex located west of Rayond (South Easter: sea-
board) will be the gas-related and heavy industrial complex served by its
own industrial deep-sea port. The Thai Government is providing full
supportive infrastructure and utilities along with a waste water
treatment facility.

The formic acid plant may well be located next to the national fer-
tilizer complex (NCF), near the petrochemical complex which is presently
being built. The WPC will be supplied with methane and rav gas I and II
produced at the near-by gas-separation plant. Each of these gases can
serve as rav material for the manufacture of CO-gas which is the main raw
material.

The site has a railway, road connexions and easy access to the
future port. The necessary utilities (water, cooling water, electric
pover) will be available at the site. Steas and nitrogen may be supplied
from the near-by petrochemical complex.

Land may be rented for 30 years at USS1 per m? per year. An urban
area supplying manpower will be erected next to the complex.

The location of the site is illustrated on the attached maps
(Annex V.1 and Annex V.2).

5.1.2 Alternative locations in Thailand

Another alternative location is Loem Chabang which might have
refinery off-gases containing CO. However, because of close distince to
the Pathaya resort centre, this location is not recommended for sa2tting
up a formic acid plant.




-2.-

$.2 HNalaysia

Four sites have been identified for possible formic acid plant
established in Malaysia in view of the availability of CO gas:
Nalayawata Steelwvork in Penang, Bintal ASEAN Fertilizer coaplex in
Bintal, Sabah Gas in Labuan and Perjawa Direct Reduction Steel plant. A
brief investigation was made om each site. The most influential factor
is the cost of CO gas to be generated. The comparative descriptioans are -
shown in the followinc Table 5.1.

Table 5.1 Summary of locatioas and process survey

Carbon monoxide production Formic acid

Rav material Carbon
for monoxide

Location carbon monoxide process Process
1. Thailand:
- Hah Ta Phut CALCOR-C Salzgitter
{(eastern seaboard) Natural gas reforming and .13
Cold-Box
2. HNalaysia:
- Nalayawaha Steel Co, Blast furnace Salzgitter
Penang off-gas PSA XF
- Malayavaha Steel Co, Basic oxygen
Penang furnace not suitable - - -
off-gas
- Sabah Gas BBI off-gas PSA + Cold Box Salzgitter
or MEA + Cold Box XF
- Sabah Gas Nethanol PSA + Cold Box Salzgitter
synthesis gas or MEA + Cold Box .14
- ASEAN Fertilizer Aamonia plant COSORB + (MEAR) Salzgitter
Bintulu slip strean nr

Perjewa direct

reduction iron

stean reformer

insufficient data

5.2.1

Malayavata Steeiworks, Penang

The blast furnace off-gas available at Malayavata Steel Works con-
tains 25 per cent carbon monoxide.!’/

1/ Vith today’'s technology this content of CO is easily recoverable
by well known industrial methods.

There is sufficient space next to
the factory to build a formic acid plant.

The site has access to the
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utilities froa the mearby steelvorks and access to the port. The land
rents for 5 Malaysian cents/sq foot which corresponds to about
US$S 0.215/a2 /year.)

5.2.2 Bintulu ASEAN Fertilizer complex, SARAWAK

This is amnother possible location because of the presence of an
ammonia plant which cam provide an unshifted slip stream of the reformer
gas. This can serve as source of carbon monoxide gas. There is enough
available space in No. 6 plot indicated on the attached plant. This
bunkering imstallation will be developed into an industrial site in the
near future with all necessary infrastructure. The distance from the
ammonia plant is about 1 Ka. The cost of electricity and water is the
highest among others.

$5.2.3 Sabah gas, Labuan, Sabah

Another possibility of location for the formic acid plant is in the
Sabah Gas industrial complex comprising a methanol plant and a Not
Briqueted Iron plant (WBI). The RBI off-gas as well as the methanol
synthesis gas might be suitable sources of CO-gas. However, it seeas to
be difficult to separate as far as CO separation is concerned. There is
enough space and all necessary utilities are available in the plant and
access to the port. The cost of water is lower than at Bintulu but
higher than in Penang.

5.2.4 Perjawa direct reduction steel plant

In this plant which is currently idle, there is a free unused
reformer whick could be adapted to reform natural gas and produce
reformed gas rich in carbon monoxide. The present reformer produces
syngas containing 20 per cent CO. No other details are known.
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VI. PROJECT ENGINEERING

6.1 Scope of the plant

As outlined in the market survey, the formic acid (FA) plant
capacity has been stipulated at the lowest economically feasible level
corresponding to the production of 10,000 t/y, 90 per cent formic acid
concentration. The seai-product carbon monoxide will be produced at a
rate of 1,000 Ma?/hour, 98-99 per cent CO-gas in the case of Malaysia and
1,830 Ma® /hour in the case of Thailand. This is about 150-180 per cent
of the necessary quantity.

Carbon monoxide has to be produced in larger volumes corresponding
to at least 130 per cent of FA-plant capacity because of the possible
oscillations in the FA ocutput. The remaining free capacity is meant for
future FA-capacity increases.

The FA prodaction programme anticipated for the first year is

50 per cent, in the second year 70 per cent and in the third year 100 per
cent. This sequence corresponds to future market development and share.

6.2 Plant configuratiom
6.2.1 Flow diagrammes The formic acid plant consists of:
in Thailand
1. a carbon monoxide generation plant (the CALCOR C unit) and the
CO-separation/purification plant (Cold Box):;
2. a formic acid plant.
A simplified flow diagramme of the whole plant is shown in Annex VI.1.
in Malaysia

1. a PSA-separation plant
2. a formic acid plant.

Thus, in this case, there is no primary reforming. The PSA-unit caters
both for COz-removal and carbon monoxide separation.

A simplified flow diagramme of the whole plant is shown in Annex VI.2.

6.2.2 Lay-out

A. HNanufacture of CO-gas
Thailand

An example of the lay-out of a CO-plant comprising the CALCOR C and
the Cold-Box technologies is in Annex VII.1.

Malaysia
An example of the lay-out of a PSA-plant is in Annex VII.2.
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B. NManufacture of formic acid

A typical lay-out of the formic acid plant using the methylformate
technology is in Anaex VIII.

6.3 Technology

6.3.1 PFormic acid technology

The following main processes to manufacture foraic acid are
available:

6.3.1.1 Formic acid as by-product from butane oxidation

Formic acid is herein a by-product of the manufacture of acetic acid
by oxidation of n-butane. This process cannot be applied because of the
folllowing reasons:

(1) there exists a more economical method of producing acetic acid
-~ the so-called carbonization of methanol (MONSANTO process);

{(2) the foramic acid by-product is only 0.076 t/t of the produced
acetic acid. A plant of 130,000 t/y acetic acid would be
required to produce the necessary 10,000 t/y of formic acid.
The ASEAN region does not have such a high consumpticn of
acetic acid.

6.3.1.2 Formic acid from sodium or calcium formeate

Formic acid is produced by decoaposing sodium or calcium formate
with sulphuric acid, which in turn are manufactured by reacting carbon
monoxide with sodium or calcium lye. MNore than 1.35 t sodium or calciuas
sulphate are obtained per ton of formic acid. Calcium formate is also a
by-product in the manufacture of Pentaerythritol. This method cannot be
applied because of high prices of sulphuric acid and sodium lye in
Malaysia and Thailard as well as due to the obsolete state of the process.
This process was once used in Malaysia and was abandoned in 1983 because
of poor econonmy.

6.3.1.3 Yormic acid from formamide

Poramic acid is produced by decomposition of formamide with sulphuric
acid. For one ton of formic acid (85 per cent concentration) 1,35 t of
ammonium sulphate are produced. Aamonium sulphate is used as fertilizer.
Formamide is produced by reacting CO-gas and ammonia in the presence of
methanol and a sodius methoxide catalyst. This process is operational in
Csechoslovakia. With a good price of ammonitums sulphate, this process may
eventually compete with the more modern methylformate process. A more
detailed description of the Yormamide process is in Annex VIII.1.

6.3.1.4 NMethylformate process

This is a two-step procedure: reaction of methanol and carbon mono-
xide to form methylformate, followed by hydrolysis to give formic acid
and methanol which is recycled. The main rav material is thus carbon
monoxide gas and wvater. This is the most modern and economical process
which has 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 formic acid techne’ gy

As mentioned above the manufacturing pr.:-.s of formic acid based on
n-butane oxidation cannot be selected as a suitable process. The sample
applies to the methods based on calcium or sodium formate which have the
drawback that substantial quantities of sodium or calcium sulphate are
formed. Sodium sulphate has limited use in the chemical industry,
whereas calcium sulphate can hardly be made use of at all.

Thus, the only two processes to be chosen from are the methylformate
process and the formamide process.

The formamide process has the disadvantage of using sulphuric acid
and ammonia which are quite costly in the region. MNoreover, substantial
quantities of ammonium sulfate are obtained (1.3 t per ton of formic
acid) as a by-product. Due to the method of formation, this ammonium
sulphate is fine-grained and has to be recrystallized so that it may meet
the specifications as a fertilizer. This results in high consumaption of
energy for recrystallizatioa.

Another substantial drawback of this method is the separation of
ammoniun sulphate from formic acid. This is currently being done in
distilling drums which cannot be designed larger than 1 drum for 2,500 t/y
formic acid. Thus, 10,000 t/y formic acid have to be designed in four
lines. This is the weak point of the process. However, it must be stated
that attempts are nowv being made to redesign the process in two or one
line by using the so-called plate evaporator instead of the distilling
drums.

Characteristic features of the MF process:

The methylfcraate process stands out for the following reasomns:

- It is a continuous one-line process using as sole raw materials
carbon monoxide, methanol and catalyst;

- Formic acid is actuaily formed by reaction of carbon monoxide and
water, methanol being only an agent which is recycled;

- Low consumptions of raw materials and utilities;
- Almost no wastes or by-products are formed in the process;

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

Dravwbacks of the MF process:

- Necessity to use sophisticated construction materials like high-
alloy steels;

~ Requires skilled operators because of complicated unit operations.
Hovever, these problems have been fully solved nowadays. In view of

the above, it is concluded that the methylformate process is the one to
be used for manufacture of formic acid in Thailand and Malaysia.




6.3.2 Carbon monoxide technology

Since CO is the main rav material, it has to be produced cheaply.
An outline of the main processes used in CO manufacture is explained
below (more details are also given in Chapter 4):

6.3.2.1 Reforming natural gas by COz, using the CALCOR-C process.

Basically this process consists in reforming the hydrocarbons
contained in natural gas by the CO: present in the gas itself and in the
flue gases from the firing and subsequent recovery of CO2 by scrubbing
with MEA-solution. Raw CO-gas is then concentrated in a Cold-Box unit.
The process is cheap and has high carbon yield. Thus it has been chosen
because of high content of CO: as the process to be used for the Mah Ta
Pkut, Thailand Natural Gas reforming.

The only disadvantage of the process is corrosion caused by the
decomposition of methanolamine through 0: present in the flue gases.

6.3.2.2 Separation of CO-gas from off-gases

Pressure swing absorption

CO0-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 molecular sieves and
change in pressure to separate CO-gas. The process is fully automatized
and almost barely needs any maintenance. That is why it was chosen to
separate CO-gas from the blast furnace off-gases available at the
Malayawata Steel Co. Works in Penang, Malaysia. PSA may also be used to
separate off-gases from the direct reduction of iron available at the
Sabah Gas Labuan factory and to separate CO from methanol synthesis gas
in combination with a cold-box unit at the same factory.

Depending on the composition of the off-gas, the PSR may be combined
with other separation processes like Cold-box or MEA-washing.

6.4 Means of acquisition of the above technologies and licence fees

6.4.1 Methylformate process for formic acid

The formic acid process know-hov and licence could be available from
the following companies:

~ Kemira Oy, Finland:

This company has implemented the original patents of the Leonard Co.
USA, claims to be completely independent. Kemira 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 that 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$ 1,889,292 (lump sum without royalty payments).




Owing to changes in licencing policy due to erection of a second
10,000 t/y FA plant in Oulu, Kemira Oy may no longer be willirg to
licence its process.

Since Kemira Oy has most references on the formic acid process, her
consumption standards were used in calculating the variable costs.

-~ Salzgitter Industriebau GmbH, Federal Republic of Germany

The Salzgitter group offers the Soviet process (acquired from
Licencintorg and developed by the National Scientific Research and Design
Institute of the Chlorine Industry of USSR) along with engineering,
procurement and supply of equipment. The process has been tested out in
a pilot plant. A commercial plant of 40,000 t/y FA is presently being
started up in Saratow, USSR.

Salzgitter is willing to supply the process and readily supplies any
data. All calculations therefore have been based on the Salzgitter data.
However, these data have been slightly modified in order to make them
more realistic. The modification were especially based on comparing with
other processes, especially the Kemira Oy process.

The licence fee of Salzgitter for Thailand or Malaysia may amount to
USS 1,634,000, which is a lump sum cost without royalty payments. This
fee concerns the 10,000 t/y, FA-plant capacity.

- CHEMTECA Management Limited (CML) USA

The CML is the follower of the Halcon-Scientific Design - Bethlehem
Steel Group which jointly developed the known methylformiate process for
the manufacture of formic acid. Leonard Co. and Kemira Oy have allegedly
infringed the Halcon-Scientific Design-Bethlehem Steel patents. THe CML
has no reference units, however, the Kemira's Oulu plant in Finland and
the South Korean plant are said to have been supervised by Dr. Williams
of the CML group.

The lump sum licence fee for a 10,000 t/y formic acid plant is esti-
mated at US$S 250,000. This price has been dcrived from the cumulative
price of licence plus basic engineering which amounts to US$ 750,000.

- BASF, Federal Republic of Germany

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

6.4.2 Carbon monoxide generation and separation processes
Thailand

CALCOR-C natural gas CO; reforming process and Cold Box separation process

The owner of the CALCOR-C process is the Caloric Company, Fed. Rep.
of Gerzany. The Cold Box separation process may be supplied by several
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companies like Union Carbide, Austria and Linde, Fed. Rep. Germany.
The Caloric Co. would require a lump-sum licence payment of

US$ 120,000 for the CALCOR-C process. The Linde Co. would require a
lump-sum licence fee amounting to US$ 80,000 for the Cold-Box process.

Malaysia

PSA separation process

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

The lump sun licence fee for a capacity of 1,000Nm?/hour 99 per cent
carbon aonoxide would amount to US$ 150,000.

6.5 Equipment

6.5.1 CO-gas generation and separation/purification equipment

The plants in Thailand and Malaysia substantially differ in the
CO-gas generation and separation equipment. In Thailand the CALCOR-C
reformer is used for CO generation and 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 CRLCOR-C reformer and Cold-box unit equipment
(Uss 1,000)

CALCOR-C Foreign Local Total
- CO-gas production equipment!/ 2,443

- CO-gas purification equipment2/ 1,585

- Total mechanical equipment I 4,028 4,028
- Electrical equipment3/ 262 262
- Spare parts 190

- Maintenance costs 3% of B.L.

equipment costs 128.7

1/, 2/, 3/ The break-down of equipment is described in Annex IX.1.
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6.4.1.2 MNMalaysia

The PSA-separation plant equipment is shown in the following table:

Table 6.2 PSA-separation plant equipment
{(Us$ 10,000)

Eguipment Specification Foreign Local Total

Compressors:

- feed to CO2-absorber piston, 550 KW, Ps = atm. 600
Pd = 7 bar abs,
2,500 Na? /hour

- vacuum pump roots, 130 kW,
Ps = 0.2 bar abs
Pd = 1 bar abs 410
- product compressor 3-stage piston, 460 kW
Ps = 1 bar abs
Pd = 35 bar abs 1,9
Other equipment: —_
- €Oz absorbers 4 pieces
- CO absorbers 4 pieces
- product tank 1 piece 1,176
- buffer tank 1 piece
- knock-out drum 1 piece
TOTAL 2,941 1,176

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

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

6.5.2 Formic acid production equipment

Since the same technology has been chosen both for Malaysia and
Thailand, the production equipment is also identical. For the purpose of
this study, it is assumed that the cost of the equipment produced locally
is the same.
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Table 6.3 Formic acid equipment cost (US dollars)

Equipment Foreign Local Total

1. Foraic acid

- apparatus and equipment

+ spare parts 4,099,340 547,660
- insulation and paints - 117,640
- piping - 1,764,700
- electrical parts 588,230
- control and instruments 1,764,700

I machinery and equipment +
instruments (production

equipament) 6,470,000 2,430,000 8,900,000
- cooling water tower 210,000
- steam generation 353,000
- chilled water 89,000
- tanks 176,000
L off-sites (auxiliary equipment) 828,000

T total machinery equipment including
instrumentation and off-sites 6,470,000 3,258,000 9,728,000

Spare parts for formic acid: amount to about 3% of B.L. investment that
is about US$ 300,000/year.

Maintenance of FA-plant: US$ 353,000/year (3.6% of machinery and equip-
ment including off-sites and instrumentation)

Detailed cost of equipment is found in Arnex IX.2.

6.5.3 Procurement of equipment

The necessary equipment is available in Europe, America, Japan as
well as in Taiwan, Province of China. Prart of the equipment especially
steel structures, tanks, sinple vessels, electrical equipment etc. may 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 equipment may be best supplied by the CALORIC Co. of
Fed. Rep. Germany. The PSA equipment may be almost integral supply of
Union Carbide of Austria or Linde of Fed. Rep. of Germany. The Cold-Box
unit may be supplied by a number of companies all over the world.

Because of guarantees and problems with maintenance and corrosion,
it is necessary that the supply of formic acid equipment be closely
linked with the supplier of the process. In this case, supply of equip-
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ment may depend on the selection of the process as well as selection of
the general contractor. If the Soviet process is selected then the
equipment will be supplied by Salzgitter Anlagenbau of Fed. Rep. Germany
vho has acquired the rights to seil the process. If the CML or Kemira
processes are selected, the equipment may be supplied by any renowned
engineering company since these process-owners are open to co-operation
with any international or local engineering company.

As far as flexibility of operation is concerned, it is known that
the formic acid plant may be operated at 80 per cemt capacity with
8,000 operational hours during a year. Lower production figures are
obtained by decreasing the number of working hours. After successful
running-in of the plant, the nominal capacity of the formic acid plant
may be intensified by at least 10 per cent. Thus, the formic acid plant
will have a production flexibility in a range of 8,000-11,000 t/year.

The CO-gas plant will be operated according to the needs of the

formic 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 works

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 prepared 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 petrochemical complex.

In Ma Ta Phut, Thailand, there is a road connexion and railway
siding being built. No 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 Malayawata Steel Works
available. However, it can be expected that the steelworks will provide
the necessary utilities. Water and electricity will be taken from the
public networks. For the same reason mentioned above, no site
preparation costs are envisaged for this case either.

6.6.2 Civil engineering works

The unit engineering works will mainly consist of a foundation for
chenical equipment and a building containing laboratories and offices.

Manufacture of CO-gas

Thailand The CO-plant will be located in open air on a foundation
consisting of driven piles and a reinforced concrete grating finished
vith 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 lov since part of it is included in foreign equipment supplies. Both
are local costs.

Malaysia: The PSA-separation plant will be erected in the same open-air
manner mentioned for Thailand. In addition, there will be a smail one-
floor control room building (10 m x 5 =m).

The foundations with the control rooam building for the PSA plant
will amount to USS 300,000 (local currency component).

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

Formic acid plant

It is supposed that in both Thailand and Malaysia the civil
engineering works will be similar.

The civil engineering works will mainly consist of providing the
foundations for the formic acid plant consisting of driven piles and a
reinforced concrete grating finished with reinforced concrete slabs on
which the formic acid structure with equipment will be located. Thus
the equipsent 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 installatiors and maintenance
(instrumentation, electrical, mechanical).

The total costs for civil engineering, steel structures and the
building plus office equipment will be local and will amount tc
Us$ 2,2670,000.

The erection work will be local cost and amount to USS 2,100,000.

6.7 WMaste materials and by-products
6.7.1 Formic acid process (Thailand and Malaysia)

The formic acid process using the methylformate technology is actual-
ly a non-vaste process, since off-gas from the methylformiate synthesis
is a by-product which can be burnt as fuel. Recycle condensate is
recycled into the energetic systenm.

The only non-utilizable waste from the formic acid production is the
degraded catalyst which has to be disposed of in a quantity totalling
36 t/year. The composition of the catalyst is a protected property of
the owner of the process. It may be expected that the degraded catalyst
will be harmless.




- 40 -

6.7.2 HManufacture of CO-gas
Thailand:

The CALCOR-C prccess produces 100 kg/hour waste water which has to
be neutralized in a small neutralization station. The cost of this
neutralization station is included in the B.L. equipment. The neutral-
ized water will be sent to the nearby biological waste water treatment
unit planned by the local authorities.

The Cold-Box unit produces about 462 Nm?/hour H:-rich gas (85% Ez).
This gas will be burnt in a small vaste gas incinerator included in the

B.L. equipment. It may alternatively be sent to the future ammonia plant
as a source of hydrogen.

Malaysia:

PSA-unit treating the blast-furnace off-gas (Malagavata Steel, Penang)

From this unit some 4,650 ¥m?/hour harmless off-gas per each
1,000 Wm3 /hour of produced CO-gas (99 per cent) will result. This gas
has almost no heating value and contains mostly inert components like Nz,
COz and very little oxygen, carbon monoxide. It will be vented into the
atmosphere without any treatment.

Wastes and by-products are summarized as follows:
A. PFormic acid

The following vastes are expected from the formic acid plamnt both in
Thailand and Malaysia.

1.1 Utilisable waste Quantity
- off-gas from methylformate synthesis with a
calorific value between 7.5 and 11 MJ/.Nm? 1,755 GJ/t
will be used as fuel gas 250 N3/t

1.2 Recycled condensate from steam condensation

- with 77% recycle the quantity of condensate is 2.4 t/t
- a part will be used as reaction water for

methylformiate hydrolysis 0.4 t/t

- to be returned into the energetic systen 2 t/t

1.3 Non-utilisable waste

degraded catalyst 3.6 kg/t

to be disposed of in a deponie
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B. CO-gas preparation Quantity
1. Thailand CALCOR-C reforming and Cold-Box separation unit

- Liquid waste

Vaste vater max. teap. 70 per cemt
to neutralization 100 kg/hour

~ Gaseous wvaste

Hz-gas (85%\ mol. N:)
to waste gas incinerator 462 ¥a? /hour

2. Malaysia

The PSA-separation unit

- off-gas containing inert compounds (N2, COz, 02
and traces of CO) 4.650 ¥n?/hour
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VII. PLANT ORGANIZATION AND OVERHEAD COSTS

7.1 Organizational structure

Thailand: The organizational structure of the NMa Ta Phut foraic
acid factory is proposed in Annex X.1.

Malaysia: The organizational structure of the NMalayawvata formic
acid factory is proposed in Annex X.2.

7.2 Overhead costs

The overhead costs are twofolds: (1) factory overheads, (2)
administrative overheads.

7.2.1 Factory overheads. Those to be comsidered in this chapter
are maintenance and rent costs only.

Repair and maintenance

It has been assumed that they are not totally fixed. Particularly
in the first two years oi operation, the maintnance costs are lower than
those of the full production years.

Thailand: FA plant: Because of high corrosion, maintenance costs
make up 3.6 per cent of machinery and equipaent
including off-sites and instrumentation and
amount to USS 353,000/year.

CO plant: HNaintenance costs make up 3 per cent of battery-
limit costs and amount to US$ 128,700/year (due
to high corrosion).

The total maintenance and repair costs amount to USS 482,000/year.

Malaysia: FA plant: Maintenance and repair costs amount to
USS 353,000/year.

PSA-separation plant: Maintenance costs make up 1 per cent of B.L. equip-
ment costs, that is US§ 42,600/year.

The total maintenance and repair costs amount to USS 396,000/year.
7.2.2 Adainistration overhead
7.2.2.1 General
These overhead costs include communication, office supplies, etc.

and are calculated as 10 per cent of wages of administrative labour, i.e.
US$ 4,000/year for Thailand and USS 4,500/year for Malaysia.

7.2.2.2 Insurance on property

Insurances have been calculated at the rate of 0.35 per cent of
total battery-limit equipment and at the rate of 0.145 per cent of the
building value.
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Thailand: The insurance cost on equipment is USS 49.000/year
(corresponding to USS 14,020,000 of equipment
value).

il The insurance cost on buildings is USS 4,700/year
(corresponding to US$ 3,242,000 of building
value).

Total insurance cost US$ 53,700/year

Halaysia: The insurance cost on equipment is USS 48,500/year
(corresponding to USS 13,845,000 of equipsent

value).

The insurance cost on buildings is USS 4,700/year
(corresponding to USS 3,242,000 of building

value).

Total insurance cost USS 53,200/year

7.2.2.3 Rents!/ The plant will be located in a selected industrial
Zone or estate which will provide production and office premises on a
rental basis. The rent differs from region to region.

Thailand: The factory will pay USS 1/m?/year rent to the industrial
estate authority, which amounts to USS 24,000/year.

Malaysia: The factory will pay US$S 0.215/m%/year (correspnding to
ch5/sq. foot) rent to the industrial estate authority. This amounts to
USS 5,160/year.

1/ TYor COMFAR calculations, this cost is included in factory cost
since the factory premises are much larger than the office preaises.
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VIII. MANPOWER

8.1 Factory and administrative labour

8.1.1 Formic acid plant: Since the same formic acid process has
been chosen for both Thailand and Malaysia, the same composition of staff
is proposed.

The plant will be operated in four shifts. The following factory
labour apd administrative staff are anticipated:

Labour Level Administrative Level

1 driver seani-skilled | 1 general manager skilled

4 packaging operators unskilled 1 accountant skilled

4 operators in plant skilled 2 marketing executives skilled

4 control-room 2 secretaries skilled
operators skilled

2 maintepance engineers skilled

1 technician (R+D) skilled

4 shift managers skilled

Total 20 Total 6

There will be a total of 21 skilled, one semi-skilled and four
unskilled employees required. The outline of responsibilities and
required qualifications for each post is shown as Annex XI.

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

Thailand: Pactory labour UsS$S 172,000/year
Administrative staff USS 39,480/year

Total US$ 111,720/year

Malaysia: Factory labour USS 124,000/year
Administrative staff US§ 45,000/year

Total USS 169,700/year

8.1.2 Carbon monoxide production

€O production differs in both countries. In Thailand the CO-plant
consists of the CALCOR and Cold-Box processes. In Malaysia the PSA-
separation plant is sufficient.
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Thailand: (CALCOR + Cold Box)

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

Factory labour Level Costs (USS/year)
1 plant manager skilled 7,200
4 shift operators skilled 19,200

Total 26,400

The administrative staff will be shared with the formic acid plant.

Malayawata Steel Co., Penang, Malaysia (PSA-separation):

The PSA-plant is completely automatic and will not require any
labour. It will be controlled from the formic acid control room. It
will be staffed by the administrative staff of formic acid. As to
maintenance, it will require 0.1 man/month. This will be covered by the
formic acid maintenance labour.

8.2 Trairing

8.2.1 Formic acid training requirements

Because of the same process to be used, the same training is envisa-
ged both for Thailand and Malaysia. Owing to the complexity of the plant
and maintenance, the following training is envisaged:

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

- theoretical training and schooling of all labour except driver and
packaging operators, in total 15 persons, during a period of four
wveeks, in formic acid chemistry and plant operation on the model by
skilled tutors from the licensor. The licensor will prepare training
manuals beforehand.

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

- 2 shift engineers

- 2 maintenance engineers (mechanical and instrumentation)

8.2.2 Carbon monoxide production training requirements
Thailand (CALCOR + Cold Box)

The four shift operators as well 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 I1X.2).
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Nalaysia (PSA-separation plant)

Even if the PSA-plant does not require any operational staff, since
it operates completely automatically, two men of the licencee staff will
be trained during tvo weeks in the following operations:

- filling of the absorbent (technician of formic acid)
- control equipsent operation and repair (maintenance labour
of formic acid)
This training will be performed during coamissioning of the planmt.
8.2.3 Cost of training

The costs of training were taken from relevant offers:

- Formic acid (same for Thailand and Malaysia):
UssS 118,000 (ref. 9.2.1 and 9.2.2)

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

8.3 Expatriates

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

Duration
Phase Function (days)
Erection 1 installation supervisor 45
Pre-commissioning 2 expatriates 2x 30
Commissioning 2 expatriates 2 x 30
Start-up 1 start-up manager 45
2 process engineers 2 x 30
2 operators 2 x 30
1 maintenance engineer 30
One~-year of production 1 expatriate 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 amounts to US$ 765,000 (ref. 9.2.1).
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B. Carbon monoxide production

Thailand (CALCOR-C + Cold Box): The following supervision is needed:

Duration
Phase Function (days)
Erection 1 erection supervisor 15
Pre-commissioning 2 expatriates 2x 30
Commissioning 2 expatriates 2 x 30
Start-up 4 expatriates 4 x 30

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

Malaysia (PSA-separation unit)

The following services of expatriates are needed:

Duration
Phase Function {days)
Erection supervision
plus adsorbent filling 1 erection supervisor 21
- instruzentation and
pre~commissioning 1 supervisor 35

- commissioning

The total costs are US§ 72,500, half of which is charged for training.
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IX. PROJECT INPLEMENTATION AND SCREDULING

9.1 Implementation scheduling

Oving to the complexity cf the formic acid plant as well as that of
the CALCOR CO:2-reforming plant or the COSORB and Pressure Swing Absorption
plant, some 33 sonths 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 implementation team
will be set up. 1t will form a task force for pre-production and most
likely become the core staff of the formic acid plant after the launching
of operationms.

This team will consist of the following:

Salary in US$

Thailand Malaysia

Functions Nonth Year Month Year
2 process engineers 800 9,200 1,100 13,200
1 civil engineer 400 4,800 550 6,600
1 accountant 400 4,800 500 6,000
1 instrumentation engineer 400 4,800 550 6,600
1 administrator 100 1,200 200 2,400
1 marketing executive 320 3,840 1,250 15,000
1 staff recruitor 320 3,840 400 8,800
1 group leader 600 _7,-30 1,200 14,400

39,360 73.000

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

1st year 2nd year 3rd year

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

Thailand 0 20 20 20 20 0

Malaysia 0 36.5 36.5 36.5 36.5 0

A typical implementation schedule for formic acid is shown in the
following table:
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9.2 .Pre-ptoduction expenditures (US thousand dollars)

All pre-production custs, except direct equipment and machinery
costs for the CO-gas generating plant and formic acid plant (in Thailand)
as vell as for the PSA-separation plant and formic acid plant are listed
in the following tables.

9.2.1 Thailand

Us$ 1,000
Foreign Local

CO-gas plant

- spare parts 190

- civil engineering materials 211

- direct labour costs:. erection 32

. civil engineering works 91

- ocean freight, insurance, handling 103
Indirect field expenses

- special site facilities included in FA plant

- field office expenses included in FA plant

- insurance and miscellaneous 318 36
Services

- licence fee 200

- basic engineering m

- detailed engineering 969 kK]

- supervision of general contractor 65

~ vendors supervision 4517

- procurement 242
I CO-gas plant pre-production costs £ 2,818 T 506

Note: This table corresponds to an actual offer. The erection costs
are too low, since part of it is included in mechanical equipment.
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Uss$ 1,000
Foreign Local
Formic acid plant
. - spare parts included in equipment
» - steel structures 753
- civil engineering + structures +
office building and furniture 2,670
- travel costs 70
- erection costs 2.100
-~ ocean freight, insurance, local handling 150
Indirect field expenses
- special site facilities 200
- field office expenses 300
- insurance 130 50
Services
- licence fee 1,634
- basic engineering 1,353
- detailed engineering and documentation 1,700
- procurement 300
- training 118
- supervision of erection (32 man/month) 471
- start-up (18 man/month) 294
L Formic acid plant pre-production costs L 6,000 L 6,293
Us$ 1,000
Foreign Local
CO-plant 2,818 506
FA-plant 6,000 6,293

Total pre-production costs
for CO plant and FA plant 8,818 6,799
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9.2.2 NMalaysia

Pre-production expenditures for the PSA plant

us$ 1,000
Foreign Local
PSA-plant
- spare parts 0s/ 0
- steel structures 500
- c¢ivil engineering materials and
work (foundations + control room building) 300
- travel costs 50
- erection 765
- ocean freight, insurance, local handling 100
Indirect field expenses
- special site facilities 100
- field office expenses 200
- insurance 3o0¢ 38
Services
- licence fee 150
- absorbent filling 144
- basic engineering 288
- detailed engineering 800
- procurement 82
- supervision, start-up, training 73
- contingency for miscellaneous local services 300
Pre-production expenditures 1,837 2,353

a/ PSA plant does not need any spare parts.

Pre-production cost for the formic acid plant

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

Us§ 1,000
Foreign Local
Pre-production costs for the formic acid plant 6,000 6,293

Total pre-production costs
for CO plant and FA plant 7,837 8,646
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X. FINANCIAL EVALUATION

10.1 Basic assumption

The financial analysis bas been carried out using the UNIDO Computer
Model for Feasibility Study and Reporting (COMFOR) and the result of this
model is given in Anmex XIII of this report.

10.1.1 Currency and exchange rate

All the figures are converted into US dollars in order to compare
two alternatives (Malaysia and Thailand) in a standardized manner. The
exchange rate used for that purpose is 25 BR = USS 1.00 and 2.5 Malaysian
Ringgit = US$ 1.00.

10.1.2 Project lifetime

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

10.1.3 Depreciation

The same depreciation method is applied for Thailand and Malaysia,
i.e. straight line, for both machinery and buildings, 20 years for
buildings and 12 years for machinery and equipment with 10 per cent of
salvage value.

10.1.4 Corporate tax

Fourty per cent of corporate (income) tax is applied for both
Malaysia and Thailand.

10.1.5 Source of financing

At this stage, no decision has been taken with regard to the capital
budgeting. The basic assumption is to finance the foreign equipment and
pre-production capital expenditure from foreign loans, the local equipment
by a local loan, and the local civil engineering and pre-production
capital expenditure from local equity. Since the project will obtain
foreign equity because of AIJV status, it is assumed that 20 per cent of
equity forms the foreign component. This portion can finance part of the
foreign pre-production capital expenditure, mainly interests incurred
during the prz-producticn phase. COMFAR automatically calculates its
financial charges during the pre-production phase.

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

Thailand Malaysia
Equity share 8,598 10,907.5
Loan composite 22,838 21,682

31,436 32,589.5
Equity Thailand: 6,878.4 Malaysia: 8,726

Malaysia: 1,719.6 Thailand: 2,181.5
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10.1.6 Loan conditions

Seven per cent of the interest rate is applied to the foreign long-
tera loan, since this would be somevhat close to the average of the long-
tera soft loan-interest rates granted by Japanese financial institutions
such as OECF, the EXIN bank and the World Bank. An interest of 11.5 per
cent is applied to the local loan in Thailand and 10 per cent for
Malaysia, following the guidelines of local banks in each country.

It has been foreseen that the project may not generate sufficient
cash in-flov to repay the principal in the early stage of the operational
phase. Therefore, the amortisation period for the foreign long-term loan
is assumed as 25 years and a 10-year grace period.

For the local loan, the conditions prevailing in Malaysia and
Thailand are applied, i.e. 10-year amortization period with a 2-year
grace period and the same amortization period with a 3-year grace period
respectively.

10.1.7 Vorking capital requirement

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

Current assets Foreign Local
Account receivables 15 90
Cash in hand 15 15
Ravw material (catalyst) 120 -
C.ner input (container) - 60
Spare parts 360 -
Finished products 30 30

Current liability
Account payable 15 30

It should be noted that, since CO gas is generated internally and
will not be considered an inventory item, it has not been included in
this calculation. COMFAR automatically proportions the foreign and local
mission days of coverage in teras of values.

At the full production stage, the level of working capital,
USS 1,578,000 for Thailand and US$ 1,368,588 for Malaysia is required.
The difference stems mainly from the full one-year spare-parts require-
ment, i.e. USS 490,000 for Thailand and US$S 300,000 for Malaysia, due to
different CO-gas separation technologies applicable in each caze
(ref. COMPAR print-out, Annex XIII.1.1 and XIII 1.2).

10.2 Total initial investment (ref. COMFAR print-out Annex XI11I.2.1)

Thailand

The total initial investment is US$ 29,717,000 consisting of
US$§ 20,819,000 of fixed investment comprising USS 6,799,000 on building
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and USS 14,020,000 for equipment and machinery. Pre-production capital
expenditures amount to USS 8,898,000. In addition, USS 2,519,390 is
required to pay interest during the pre-production phase.

Malaysia

The total imitial investment is USS 30,474,000 consisting of
- US$ 22,491,000 of fixed investament comprising USS 8,646,000 on building
for formic acid and CO-gas separation plant and US$ 13,845,000 on planmt,
machinery and equipment. Pre-production capital expenditures amount to
US$ 7,983,000 including licencing, training, pre-production costs etc.
In addition, the interest during the pre-production phase amounts to
Us$ 2,367,640.

10.3 Project fimancing (ref. COMFAR primtout Annex XIII.3.1 and XIII.3.2)

In order to meet the investment costs plus interest during the pre-
production phase (2.5 years), a total of US§ 32,236,000 and USS 32,841,000
is required for Thailand and Malaysia respectively.

Assuaing that the above-mentioned capital structure finances this
project, this initial source of funds does not cover the entire expendi-
ture during the pre-production phase. An additional bank overdraft of
USS 800,390 and USS 252,141 are required for Thailand and Malaysia
respectively. During the production phase, due to shortage of cash-in
flow, the following amount of bank overdraft (US dollars) will be

required:

1992 1993 1994 1995 1996 1997
Malaysia 1,626 660 - - - -
Thailand 2,376 832 392 87 46 6

According to the cash-flow of Case 1 (producing in Thailand), the
repayment of the principal may not be possible before the year 2004.
Otherwise, additional bank overdraft will be needed in the years 2001 to
2003. No bank overdraft is required from the full production year for
Case II (producing in Malaysia).

10.4 Total production cost (ref. COMFAR print-out Annex XIII.4.1 and
XI111.4.2)

The total production cost (1994, the first full year of production)
apparent in COMFAR schedule is summarized as follows:




Thailand Malaysia
fixed wvariable fixed variable

Factory costs 853 2,682 628.2 2,954
Other costs

- Administration 97.7 605.15 102.5 368.2

- Sales promotion and

distribution costs (freight)

Depreciation 1,962 1,988
FPinancial charges 1,757 1,606

4,609.7 3,287.15 4,324.7 3,322.2

Total 7,957 7,647

The breakdown of the factory cost is shown below (US$ i,000):

Case 1 Case 11

Thailand Malaysia
Raw material (I)(CO gas and catalysts) 975 610
Containers 302 302
Utility and energy 1,164 1,844
Direct labour 98 125
Repairs and maintenance 482 396
Spares 490 300

Rent 24 5.2

3,53 3,582.2

There are differences between the two cases on each item but the total
factory costs for both cases are more or less the same. The cost of CO
gas in Thailand is higher than in Malaysia while the cost of steam
(utility and energy) in Malaysia is such higher thanm in Thailand. This
high-utility cost in Malaysia offsets the cost advantage of CO gas,
repairs/spare parts and the rent. Thus, the major difference in
production costs stems from freight costs and sales promotion costs. The
market size in Thailand is about hilf that of Malaysia and the marketing
exercise may require higher sales pronotion costs in Thailand.
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10.5 Financial evaluation (ref. COMFAR print-out Annex XIII.5.1 and
XIII.5.2)

10.5.1 Cash flow
Thailand

The cumulated cash balances are negative throughout. Repayment of
foreign loan starting in 2001 cannot be made without eamploying a bank
overdraft. This indicates that a longer grace period may have to be
secured. The cash surplus appears only in the 6th year of operation. As
shown in the above project financing, the project should use bank over-
draft during the first six years of deficit. The payback period is not
found. The cash-flow table is shown in the COMFAR print-out (Amnex
XIX1.5.1).

Malaysia

The cumulated cash balance will become positive in the 7th year of
operation. Repayment of foreign loan can be made as scheduled, while
repaynents of local loan starting in the second year of operation would
have to be made by short-term bank overdraft or deferred till the third
year of operation. The first two years of operation also need
USS 1,625,748 and US§ 659,760 of bank overdraft respectively. The
projeci can only pay back all the initial investment in the 13th year.
The cash flow tadle is shown in the COMFAR print-out (Amnex X11I1.5.2).

10.5.2 Net income statement

Thailand

The net income statement (ref. COMFAR print-out Anmnex XIII 6.1 and
X111 6.2) shows losses throughout. Alone the non-variable costs including
depreciation almost offset the variable margins in the third year of
operation (1994).

Malaysia

The project only starts generating profit from the 13th year after
full depreciation. The cost of finance is much greater than the opera-
tional margin. If the loan is reduced by one-third and the interest rate
of foreign loan to 2.5 or 3 per cent, the net income statement will show
a profit even after the 3rd year.

The summary of the net income status in the third year of operation
for both Malaysia and Thailand is shown below:
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Thailand Malaysia

Total sales 6,262 6,672
Variable cost 3,330 3,322
Variable margin 2,932 3,350
Non-variable costs

(including depreciation) 2,913 2,719
Operational margin 20 631
Financial charges 1,757 1,606
Gross profit (loss) (1,737 { 975)

10.5.3 Break-even analysis

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

Thailand Malaysia
UsS1, 000
7,999 P —————— -—— (| Y Y
loss 3 ! loss 1 [ ¢
6,262 | e T e ] 6,672y _ _ _ _ = _ _ 1
] | ] ] 1
4,670 1 ] 4,325 « ]
] ] (] ]
fine fal clo.r’es ? fiea fel cb.r;ges [ ]
2,913 ) ] 2,719 [} ]
fixed cost + dep. | Tixed cocst » dep. !
! ] [} | |
)
J 1 ]
10,000 t 15,992 ¢. 10,000 t 12,916 ¢
at 10,000 t, loss = 1,737 at 10,000 t, loss = 975
Break-even point = 15,992 t/y Break-even point = 12,910

t/y.

10.5.4 Net 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 most sensitive one, followed by
operating costs and initial investment in that order.
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10.5.5 Debt-service ratio

The value of debt service ratio is shown
attached as Annex XIII.9.1 and Annex XIII.9.2.
Thailand) show unfavourable ratio, i.e. never
acceptable level of 1.5.
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10.6 Sensitivity analysis

The base versions show negative financial implications for both
cases. In order to investigate the possibilities in financial indicators,
the major areas on which the sensitivity analysis will focus are:

(1) 1lower initial investment costs, (2) higher sales price, (3) reduced
variable costs. In addition, combination of the above three are also
looked into in this section.

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

The following sales prices are applied for the sensitivy analysis:

(uss$/t)
Case I Export to Malaysia and others 817
Domestic to Thailand 667
Case I1 Export to Thailand and others 755
Domestic to Malaysia 816

As shown in Chapter III, the original prices were set up according
to present competitive 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 may be contcidered as "unreal-
istically low”. The tariff protection may be justified for that. It
should be noted, however, that this increase in sales price may have a
significant negative impact on the rubber industries.

Thailand Malaysia
IRR 4.2% 6.38%

The above would not make a significant impact 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 most sensitive
variable that influences IRR among other variables such as initial
investment costs and operating costs.
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Sensitivity Analysis II: Initial iuvestment at 20 per cent lower than the

base assumption
(ref. Summary Sheet of COMFAR Annex XIII.10.1 and XIII.10.2)

Cost estimations on foreign equipment and pre-production expenditure
(mainly licencing, training etc.) are calculated on the basis of offers
obtained through suppliers. These are preliminary offers and tend to be
higher than actual ones. When negotiations come, the actual costs may be
lowered to 80 per cent. Furthermore, it is assumed that costs for civil
engineering work with a local contractor could be reduced to 80 per cent
through negotiations.

Thailand Malaysia
IRR 2.59% 5.09%

This reduction of initial investment alone does not make a
significant improvement in the financial indicators.

Sensitivity Analysis III: Reduced variable costs
(ref. Summary sheet of COMFAR Annex XI1I.11.1 and XIII.11.2).

Co-gas generating costs, utility/energy costs and sales promotion
were estimated at a relatively high level. Particularly, costs of steanm,
water, electricity were estimated on the basis of standard costs
published by the authorities. 1In fact, these urit costs are negotiable
with local authorities during finalization of contractual arrangement.

In addition, maintenance costs (50 per cent variable) and sales promotion
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 Analvsis IV: Combination of the three parameter changes
(higher sales price, lower initial investment, and lower production
costs)

(ref. COMFAR Summary Sheet, Annex XIII.12.1 and XIII.12.2).

This sensitivity analysis investigates the results of three different
parameter changes combined into one. It would require careful megotia-
tions with suppliers of various equipment and contractors for civil -
engineering as vell as Government support for higher tariff on imported
formic acid. This assumption does not seem so unrealistic and could be
used as future follow-up guidelines. For this reason, an overall
financial analysis is given below.

Total initial investment (US$ thousand)

Thailand Malaysia
Total initial investment 23,790 24,262,40
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 (ful production year) are
shown below:

Thailand Malaysia
fixed variable fixed variable
Factory costs 805 2,206 589 2,424 .
Other costs
- Administration 98 102
- Sales promotion v
and freight costs 539 34
Depreciation 1,570 1,592
Financial charges 1,404 1,285

3,87 2,745 3, 568 2,765
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Cash flow
Thailand

The cumulated cash balance will become positive in the third year of
operation. The project pay back period is in the 9th year. The bank
overdraft, US$ 1,156,119 is only needed in the first year. Repayment of

- the foreign loan can be advanced in order to reduce financial charges.

Nalaysia

The cumulated cash balance will become 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.
Repayment of the foreign loan can be advanced even over to the 3rd year
of operation.

Net income statement

A summary of the income statement in the third year is shown below:

Thailand Malaysia
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 margin 1,935 2,746
Financial charges 1,405 1,285
Gross profit 530 1,461

The variable margins (contribution) ju 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-making operation in
either case.

Break-even point

The following break-even point is found in both cases:
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Thailand Malaysia
Uss1,000
1195 e e 1,794 | e .
2
6,665 e e 6,332
?
. |
1 ]
- '
1
3,878 ' ] 3,568
clisl CI.I."QS 1
2413 _ _ _ L ____v__ 1 2,283
xed cost imc). dep. I xed cost fscl. dep. :
' s : t
1 ] (] []
6,797 t 10,000 t. 7,095 ¢t 10,000 ¢.

at 10,000 t, profit = US$ 530,000 at 10,000 t. profit = US$ 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 Malaysia respectively.

Net present value and IRR

Thailand

NPV with 12 per cent of cut-off rate: US$ -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
seer possible to set up prices at that high level in view of the negative
impact on the rubber industry. Charts of IRR sensitivity of this assump-
tion (Semsitivity Analysis 4) are attached as Annex XIII.13.1 and
XI11.13.2.

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 make repayment of lnans.
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Sensitivity Analysis V: 10-year tax holiday provided to the assumption

reviewed by Sensitivity Analysis IV.
(ref. Summary Sheet, Annex XIII.15.1 and 15.2)

The attempt is to investigate how IRR would improve by providing ten
years tax holiday for the assumption investigated in Sensitivity
analysis IV. The result shows somehow improved financial indications in
both cases, though IRR is still lower than the cut-off ratio for both
cases.

Sensitivity Analysis VI: Sales volume in Thailand 5,000 t/y and 4,500 t
for Malaysia and others (keeping all the assumptions of Sensitivity
Analysis IV unchanged)

(ref. Summary Sheet, Annex XIII.16.1)

The sensitivity analysis was conducted in order to investigate how
the IRR would improve, if the proposed plant in Thailand could sell
5,000 t/year instead of 3,500 t/y. The market study which is concur-
rently being compiled indicates that the potential formic acid demand in
Thailand may reach higher than the projection made in this report, mainly
because of the high growth rate of formic acid consumption in the dyeing
and tanning industries. This estimation would not automatically ensure
higher sales volume. It would be of interest, however, to potential
investors in Thailand to learn how this impact will be.

The result shows that the IRR improved from 7.95 per cent to 8.06 per
cent. Only insignificant improvement was made. Even if the sales promo-
tion cost were reduced to the amount equivalent to 3 per cent of sales
revenue (originally 19 per cent of sales turn-over had been applied), the
IRR would improve to 8.46 per cent. It would prove that the contribution
margin has to be enlarged by increasing the price or reducing the fixed
costs to become commercially profitable. Both cases do not seem to be a
realistic assumption.
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CONCLUSIONS

Financial indicators for the base assumption are all negative. This
implies that the formic acid plant would not make profitable operation,
either in Thailand nor in Malaysia. The reasons for this negative finan-
cial implication are: (1) high initial investment, (2) low sales prices
due to prevailing low CIF prices both in Malaysia and Thailand, (3) high
- costs of CO gas generation and high utility and energy costs to process

formic acid. This, however, does not lead to the conclusion that the
AlIJV project idea should be dropped without further follow-up envisaged.

In the above-mentioned three areas, there is good reason to review
possibilities of improvement of the financial profitability. Lower
initial investment and variable costs could be achieved through carefai
and skillful negotiations with suppliers and contractors, while higher
sales prices could be applied with the Government's support by imposing a
higher tariff rate. PFurthermore, if the Government could provide tax
exemptions for this project, e.g. ten-year tax holiday, the fimancial
indicators would further improve.

According to the sensitivity analysis, however, changes of parameters
in each area alone do not improve the financial indicators significantly.
Only the three combined show a somevhat remarkable improvement - but not
enough to fully recomaend the project for follow-up.

The IRR in both cases is still below the cut-off rate. This proves,
in Alternative 1V 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 programme (sales forecast)
may have to be further reviewed. The sales projection was made assiming
the prices originally quoted and even higher prices supported by higher
tariff rates are "competitive” (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. 1In order to achieve this sales
volume, a very intensive marketing effort will be required in the first
three years of operation. Particularly the Indonesian product v+’ ° #ill
soon be introduced to the ASEAN market will become a strong competitor
vhich is not taken into account in this report. 1If 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 minimum of 89 per cent and
70 per cent of full production volume in Thailand and Malaysia respect-
ively should be secured. This does not seem to be an easy task.

Lastly, 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
Government to decide.

The Government would play a limited role in the process of material-
ization of this project. The decision for a follow-up would rather
depend on the entrepreneurs' assessment on the business opportunity of
this project. There still seems to be rooa for further reduction of
production costs and lowering down of initial investment costs which in
turn "improve" profitability. If no immediate follow-up for materializa-
tion is envisaged, however, a practical co--operation scheme with the
Indonesian plant may be sought under the AIJV arrangement in light of
ASEAN co-operation.

In summary,

{1) With basic assumptions and cost estimation, the project shows
negative financial indicators both for Thailand and Malaysia.

(2) These negative indicators are attributable to (a) Ligh initial
investment (b} low sales price and (c) high variable costs.

(3) Semsitivity analysis on changing parameters in the above three areas
concludes that no drastic improvement can be expected by chinging
parameters of one single variable (area). The significant .mprove-
ment can only be made by combining the three areas, i.e. 20 per cent
lower initial investment, 20 per cent lower variable costs
(selected) and higher sales price assuming higher tariff 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 may be acceptable
for individual entrepreneurs and/or the Government to pursue the
possibility of materialization in view of possible further improve-
ment in financial terms.

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

A failure would make 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 marginally.

{(7) 1In 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

Specification of natural gas available in the
Ma Ta Phut industrial complex, Thailand

CO-gas process description

II.1 Process description of PSA plant

I1.2 Process description of CALCOR-C
Non-conventional sources of CO-gas in Malaysia
III.1 Malayawvata blast furnace gas (BFG)

III.2 Bintalu, CO-gas specification
III.3 BHBI shaft furpace top gas, Labuan, Sabah

Calculation of variable costs of 1Nm® pure CO-gas

IV.1 Ma Ta Phut, Thailand
IV.2 Malayawata, Malaysia




SPECIFICATION OF NATURAL GAS AVAILABLE
IN THE MA TA PHUT INDUSTRIAL COMPLEX, THAILAND

Natural gas

The following grades of natural gas will be available:

- Treated gas, treated gas comes from PTT's Gas Separation Plant
operating to recover C2+.

- Raw gas I or 11
Raw gas I or II is pipeline gas treated in the PTT dew point control
unit. Raw gas I or II will be supplied during the shutdown of the
Gas Separation Plant.

Component Treated gas Rav gas 1 Raw gas II
Mol & Nol & Mol &

Conditions at PTT B.L.:
Pressure kg/cm2g (min.) 40
Temperature (degrees C max.) 49

Fuel gas system:
Pressure kg/cm2g 16
Temperature (degrees C) 30

Treated gas

100.00

Rav gas I

N2 1.96 0.81 1.37
COz 0.45 23.06 14.57
c1 95.72 65.59 67.41
c2 1.85 5.82 9.07
c3 0.02 2.87 4.88
ic4 - 0.65 1.11
n C4 - 0.64 0.97
105 - 0.22 0.27
n C5 - 0.14 0.16
cé - 0.12 0.09
C7-plus - 0.07 0.10
Water - 0.01 -

R

100.00

Rav gas II

40
43

16
30

Average molecular weight: 16.7 25.1 24.2
LAV kcal/Nm3 8,480 7,697 9,040
LAV BTU/scf 952 865 1,016
H20 ppm vol - - 3
HzS ppm vol 5 - 20-80
§ other than Hz$S 10 - 25

40
43

16
30
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Utilities and feedstock costs in NMa Ta Phut, Thailand

Utilities and feedstock costs (expressed in mid-1984 US dollars) for
economic evaluations only are as follows:

Utilities

- natural gas

~ electric power

= high pressure steam
~ medium pressure steaa
~ low-pressure steaa

~ demineralized water
- steam condensate

~ cooling vater

- ravw water

- treated water

~ potable water

- waste vater disposal
~ instrument air

- plant air

- nitrogen

- oxygen

Feedstock

- ethane
-~ propane

US$/105Kcal
USS/kWn
UsS/t
USS/t

UsS/t
UsSS/m3
Uss/t
Us$/1,000m?
UsS/m?
USS/m3
UsS/m?
USS/m3
USS/um3
USS/Nm?
USS/Nm3
USS/Nn3

Us§/t
Uss/t
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Annex II

CO-GAS PROCESS DESCRIPTION

Annex II.1 PSA plant

Annex II.2 CALCOR-C
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Annex 1I.1
PROCESS DESCRIPTION OF PSA PLANT
(Please refer to the attached flow diagram)

The feed gas containing Hz, N2, CO, CO2, traces of Ar + C: and
saturated with H:0 is separated in two PSA units into the CO product and
a waste gas containing COz, N2, H20 and CO losses.

In the first PSA unit, the so-called CO:2-PSA unit CO: is rejected.
This COz-PSA unit is a typical PSA unit where the light product consists
of Hz, N2, CO and the heavy product is COz. In order to achieve a high
CO recovery, purge gas for regeneration is taken from the second PSA
unit, the so-called CO unit. Therefore the waste gas from the CO2-PSA
unit contains all the CO:, Hz0 and also Ha, N2 and CO.

The light product from the CO2-PSA unit is further separated into
CO-product and Hz, Nz in the CO-PSA unit. This PSA unit deviates from a
typical PSA unit in two steps.

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

2. In order to achieve a good separation between CO and the light
components Hz, N2 a recycle stream with pure €O is necessary.

The CO-product is compressed in the product gas compressor to the
required pressure level.
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Simplified flow-scheme of the pressure swing absorption unit
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Annex 1.:..2
PROCESS DESCRIPTION OF CALCOR-C PLANT

With the CALCOR-C process a CO raw gas (feed gas to cold-box) with a
high concentration of CO is produced by reforming natural gas with
carbondioxide in the presence of a catalyst.

The natural gas is used 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 hydrated on a catalyst and subsequently
absorbed by the catalyst.

The purified feed gas is nov mixed with carbondioxide and sent
through the reformer. These reformers are top-fired by burners and by
burning natural gas. In the reformer tubes the mixture of feed gas and
carbondioxide is converted into a syngas consisting of CO, Hz, CO2 and
Hz20. At the outlet of the reformer tube this syngas is queached by
injection of water. Prom the collector vessels, the syngas is sent to a
cooler where it is cooled to ambient temperature by a closed cooling
water cycle. Subsequently the syngas is sent to an absorber in which the
carbondioxide part is removed by a MEA solution. After removing droplets
in a demister 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-stream equipment the CO raw gas will be sent to the flare.

The hot flue gas from the reformer together with the flue gas of the
burner is sent to a two-path waste heat boiler where the sensible heat is
used for the production of steam. The 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 passirg
the second path of the waste heat boiler. The flue gas leaving the
boiler is quenched to ambient temperature in a cooler in a direct contact
tower before it is sent to an absorber in which the carbondioxide is
removed by a MER solution. After removal of droplets in a demister the
flue gas is released to atmosphere at the top of the absorber.

The rich MER solution from the absorbers is preheated in a heat
exchanger and returned to the top of the stripper and the reboiler in
vhich the COz part is separated and recovered for the reforming process.
After water vapor has been knocked out in a condenser and separator the
COz is stored intermediately in a buffer tank before being sent to the
reformers. The reboiler is heated by the generated and additionally
imported steam. A split stream of the rich MEA solution is passing an
activated carbon filter. The lean MEA solution leaving the reboiler is
flowing through a heat 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 reformer.
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Purification of raw CO gas
A. Introduction

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

The following essential process steps will be mentioned:

- Compression of the feed gas together with a recycie stream to
approximately 10 bars

- Drying of the gas and residual CO2 removal by means of an adsorber
unit. For a smaller design of the adsorber station a cooling step
up-stream of the adsorbers is provided

- Cryogenic separation of the feed gas with following product streams:
. €O product
. Hz fraction as fuel gas
- Recycle stream, wich is routed back to the feed gas in order to

improve the recovery of CO

- Generation of cold by means of an expansion turbine.

B.

1. Feed gas compression and drying

Feed gas from battery-limit is mixed with a recycle stream coming
from the cold-box. The gas enters the three-stage piston compressor.
Bz20 which condenses in the intercoolers is separated in the two drums and
sent to battery limits. The gas passes the aftercooler and the chiller
vhere it is cooled down to +5° C by cold water. The condersed Hz0 is
separated.

In the interchangeable adsorbers, CO; and H2.0 are removed 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 varmed 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 1liquid is expanded to flash out the main part of the dissolved
Hz, the remaining liquid is CO with product purity. It is evaporated and
varsed up and leaves the plant as CO product. The refrigeration
neceasary for the operation of the plant is produced 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.




- 77 -

The CALCOR-C process flow diagram

Generation of a raw gas with high CO-concentration

rertges IN3. (2
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Annex III

NON-CONVENTIONAL SOURCES OF CO-GAS IN MALAYSIA

Annex IIZ.1 Malayawata blas: furnace gas (BFG)
Annex III.2 Bintulu, CO-gas specification

Annex IIXI.3 HBI Shaft Furnace Top gas, Labuan, Sabah.
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Annex III.1
BLAST FURNACE GAS (BFG) - MALAYAWATA STEEL, PENANG

JII.1.1 Average composition (percentages)

CoO - 25.4
COz2 - 14.0
Hz2 - 5.5

Nz - the rest
I11.1.2 Temperature of the gas after cleaning - 35°C.
II1.1.3 Discharged pressure for the cleaned gas abs. 350 mmhg
I11.1.4 Average BFG generated - 362 x 106Nm3/y

IIT.1.5 Surplus of BFG after being used by Malayawata Steel =
192 x 106Nm? /y
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Annex III.2

BINTULU CO-GAS SPECIFICATION

ITI.2.1 Bintulu Ammonia plant slip stream composition:

H, Ar N, CH, co co,

% per volume 56.77 0.28 21.27 0.56 12.43 8.19

Pressure 31.5 bar gauge
Temperature 378°C
Price for 10,000 Nm3/hour: M$ 186 = USS 74.41

The above price is assumed without Hz-return to systenm.

I1.2.2 Price specification of utilities

. Us$
- Electricity 3,3 kv, 415V, 230 V  0.20 k¥h 0.08/kWh
- Steam low pressure 4 bar g 9.1/t 3.64/t
- medium pressure 44 bar g 9.1/t 3.64/t
- Cooling water 1.57/m3 0.668/m3
- Process water (demin.) 1.51/m3 0.604/m3

Perujawa Steel Plant syngas composition from the reformer:

H co CH, Co; Hz 0

% per volume 67 20 5 2 6
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Annex III.3
HOT BRIQUETED IRON SHAFT FURNACE TOP GAS, LABUAN, SABAH

III.3.1 Composition (vol.%)

co - 25.2

Co2 - 15.5

N2 - 1.5

Ha - 48.8

CHe - 3.0

Hz0 - 6.0

HCN - 0.58 mg/m?

Hz2S - 1.55 mg/m3

0z - 36 mg/m?

Fe - (0.025 mibron) - 1 mg/m?

I11.3.2 Temperature - 40°C
I11.3.3 Pressure - 1.3 bar abs

I11.3.4 Calorific value

Net 243 btu/scf (2 162.5 kcal/Nm3)
Gross 270 btu/scf (2 402.73 kcal/Nm3)

I1I1.3.5 Quantity
45-47,000 Nm3/hour
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Annex IV

CALCULATION OF VARIABLE COSTS
OF INm® pure CO-gas

Annex IV.1 Ma ta Phut, Thailand

Annex IV.2 Malayawata, Malaysia
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Annex 1IV.1

CALCULATION OF VARIABLE COST OF 1 Na® PURE CO-GAS AT
THE MA TA PHUT CO-PLANT, THAILAND

The CALCOR-C and Cold Box plan: produces 830 Nm®/hour CO-gas as
1005 CO-gas (actual output is 838 Nm? CO-gas as 99.19 per cent)

Price per unit Consumption Total Note

Raw materials uss per hour US$/hour

Natural gas Na? 0.103909% = 600 62.35 without B2
gas export

Total raw material 62.35

Utilities

= Instrument air Nm? 0.02 32 0.64

-~ Electricity k¥h 0.067 294 19.698

- Nitrogen Nm? 0.37 50 18.5

- Steam Gj 3.831 1.2 4.272

- Make-up water m3 0.24 0.1 0.024

- Cooling water 0.0227 409 9.2843

Total utilities 52.4183

Total variable cost per 830 Nm? pure CO-gas USS 114.7683

Variable cost of 1 Nm® pure CO-gas ———=) Us§ 0.138275

Calculation of the price of Raw Gas I

Price of natural gas: US$ 13.5/10¢ kcal (see Annex IV.2.1)

LHV of Raw gas 1 : 7,697 kcal/Nm?

Price of 1 Nm? of Raw gas I: 7697 x 13.5 = US$ 0.1039095
106
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Annex IV.2

CALCULATION OF VARIABLE COST OF 1 Nm® PURE CO-GAS AT
THE MALAYAWATA STEEL WORKS, MALAYSIA

The PSA-unit produces 1,000m® of 98% CO-gas at 35 bar

Price per unit Consumption Total Note

Ravw materials Uss$ per hour US$/hour
Blast furnace 0 5,650 0 *
off-gas Nm3
Total raw material 0
Utilities

- Electricity kWh 0.0576 1,000 57.6

- Cooling water »? 0.16 80 12.8

- Nitrogen Nm? - little -
Total utilities 70.4
Total variable cost per 1,000 Nm3 pure CO-gas Uss 70.4
Correction to 100% CO-gas = —-—---- > UsS 71.84
Variable cost of 1 Nm® 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 TA PHUT, Thailand
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Annex VI.1
VI.2
VII.1
VII.2
VIII.1
VIII.2

VIII.3

IX.1

Ix.2

Annexes related to Chapter VI:
Simplified flow diagram - formic acid process {CALCOR-C)
Simplified flow diagram - formic acid process (BFO)
Layout of the CO-plant Thailand (CALCOR-C)
Layout of the CO-plant Malaysia (PSA)
Formic acid process description (Formamide process)
Formic acid process description (methylformamide pracess)

Formic acid process description (using carbonmonoxide
and water via methylformate)

Manufacture of CO-gas (CALCOR-C)

Formic acid production equipment
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FLOW DIAGRAMS

Annex VI.1 Thailand

Annex VI.2 Malaysia

Annex VI




SIMPLIFIED FLOW DIAGRAM
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PLANT LAYOUT FOR CO-GAS

Annex VII.1 Thailand (CALCOR-C)

Annex VII.2 MNalaysia (PSA)




Annex VII.1
LAY-OUT OF THE CO-PLANT: THAILAND
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Annex VII.2

CO-GAS SEPARATION FOR MALAYSIA BY PSA
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FORMIC ACID LAY-OUT PLAN
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Anzex VIII
FORNIC ACID PROCESS DESCRIPTIOR
Annex VIII.1 FORMAMIDE Process
Annex VIII.2 METRYLFORMAMIDE Process

Annex VIII.3 CARBONMONOXIDE AND WATER VIA METHYL-
FORMATE Process
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Annex VIII.1

KANUFACTURE OF FORMIC ACID VIA FORMAMIDE

VIII.1.1 Process description
A. Synthesis to produce formamide

Formamide is manufactured by adding liquid ammonia to carbon
monoxide under the catalytic effect of sodium methanolate. The reaction
takes place at a temperature ranging from 95° C to 110 °C and a presure
17.6 - 19.6 MPa. This reaction may thus be termed as one-stage
homogeneous catalysis taking place in a through-flow reactor of cylindric
shape.

The reaction is as follows:

catalyst

(carbon monoxide and ammonia to formamide)

Carbon monoxide will be obtained by reforming natural gas and will
be delivered to the plant. HRarmful impurities shall be removed from the
feed gas.

The ctalyst is Sodium methanolate which is prepared by dissolving
metallic sodium in methanol under nitrogen atmosphere. The reaction is
as follows:

2 CH;08 + 2Ma ~—~-====~- > 2 CH;0Na + H:
{(methanol and metallic sodium to sodium methanolate)

Carbon monoxide is compressed in a high pressure compressor. The
conpressed CO-gas then enters the high-pressure reactor where it meets
with the mixture of ammonia, methanol and sodium methanolate dosed into
the reactor by means of a high-pressure pump. The CO-gas enters the
reactor at the bottom. The liquid raw materials enter the reactor from
the top.

Sodium methanolate [catalyst] is prepared by dissolving metallic
sodium in methanol under nitrogen atmosphere.

The main formamide production equipment is the high-pressure
reactor. The reactor is of vertical cylindric shape without filling.
Mixing is ensured by the action of bubbling CO-gas and a circulating
pusp.

The recaction is highly exothermic. The reaction heat is resoved by
means of cooling in the recycle. The reaction mixture is let off at the
bottom of the reactor at such speed that ensures constant level of liquid
reactants in the reactor. After cooling and pressure reduction, the
waste gas is burnt off and liberated into the atmosphere.
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After pressure reduction the reaction mixture flowing out of the
reactor is led into an expansion tank vwhere gases are liberated. The
nixture is then sent through a preheater into film evaporator where the
main part of excess methanol and volatile components is distilled off.
Tke film evaporator wvorks under atmospheric pressure. The vapours pass
through a condenser where condensation of methanol takes place. The
condensed methanol flows into the return methanol receptacle or into the
storage of combustible substances.

The xixture flowing out of the bottom of the film evaporator goes
into a vacuum evaporator where the last portion of volatile components is
dirtilled off. After condensation they are sent into the combustidles
storage area. The necessary vacuum is produced by means of vacuua
pumps.

The distillation residue is actually raw formamide. The cooled
formanide is sent into the formamide storage tank. After quality control
formamide is sent into the formic acid plant.

VIII.1.2 BHydrolysis to produce formic acid from formamide

The process consists in principle of formamide decomposition into
formic acid and ammonium sulphate using sulfuric acid as decomposing
medium. The reaction is as follows:

2 BCONH» + HzSOs + 2 Hz0 2 BCOOH + (NHs)z2SOq

(hydrolysis of formamide and sulphuric acid
to formic acid and ammonium sulphate)

The principal raw materials formamide, sulphuric acid and watr are
pumped into the hydrolyzing reactor by means of four-coaponent dosing
pumps. Pure water or sulphate water is used. One of the four dosing
compartments of each pump serves to pump pure water into the absorption
~oluans. The obtained absorbate is used to adjust the formamide
concentration to 80 per cent by weight. After the reaction has taken
place the obtained reaction mixture falls down into the distilling drums,
vhere formic acid is passed through a trap where ammonium sulphate flue
dust is extrapped. Then the formic acid vapours pass a partial condensor
(deflegmator) where partial concensation to formic acid takes place.

This deflegmated formic acid then washes the ammonium sulphate down into
the hydrolyzing reactors. Formic acid vap ur which passed through the
deflegmator is led into condensation wherefrom they flow down into HCOOH
receptacles.

The NCOOH vapours which had been sucked off from the condensing
equipment due to the evacuating effect of a vacuus pump pass through an
absorption column and drop trap into the vacuum pumps and atmosphere.

The absorbate obtained in the absorption columns containing
15-35 per cent RCOOH is mostly used for adjustment of formamide. The
remaining part flows into the hydrolyzing reactors.
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Ammonium sulphate which has been dried in the distilling drum falls
through into the ammonium sulphate storage tanks. From the storage tanks
it is transported by means of screw conveyors into the solution tank of
the recrystallisation plant.

Together with the feed solution the runback solutions are tramns-
ported from the pre-thickener and the centrifuge to the collector from
which the level controlled solution is fed due to a filter and a tank for
adjusting the ph-value with HzSOs into the crystallizing plant, which
consists mainly of the evaporator/crystallizer the circulation conduct,
the radiator and the circulating pumps.

Part of the exhaust vapours from the crystallizer are taken in by
the thermal exhaust vapour condensor are precipitated in the surface
condensor and pressure control.

The condensed heating steam and exhaust vapours are evacuated by
means of pump via the condensate cooler.

The saline suspension is fed into the separator plant and to the
sieve fros where the bigger and smaller grain is led back to the
crystallisation plant. The final product is going to the storage tank
and the bagging unit.

Forric acid in technical quality is pumped from the receptacles into
expeditiun where concentration is adjusted and finished formic acid is
pumped into tanks or small containers.

Formic acid for foodstuff or in pure quality can be obtained by
rectification in a separate column where lower boiling portions are
separated. This column is part of this plant.
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Annex VIII.Z
MANUFACTURE OF FORMIC ACID BY THE METHYLFORMATE PROCESS
A. Process description
1. Chemical reaction

The synthesis of formic acid by carbon monoxide and water is
shown in the following overall reaction:

CO + H20 --—-—- > HCOOH
This reaction takes piace in two steps:

In the first step, carbon monoxide and methanol react in presence of
a catalyst to form methyl formate,

CH:0H + CO --——-- > BCOOCHs

In the second step, the formed methylformate hydrolyzes with water
to form methanol and the product formic acid

HCOOCH> + H20 ----- > NCOOR + CH-OH

2. MNMethylformate synthesis

Fresh methanol from the storage and recycle methanol is pumped to
the reactor and mixed with catalyst solutinn before entering the reactor.
The compressed carbon monoxide is fed to the bottom of the reactor.

In the reactor the methanol reacts in presence of a catalyst with
the carbon monoxide to methylformate which is separated from surplus
methanol ir the methylformate separation column.

Methanol is recycled. Off-gas is sent through a scrubber to absord
residual methylformate.

3. Formic acid production and distillation

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

The hydrolysis mixture s separated by a distillation column into
methylformate methanol at the top and aqueous formic acid at the bottom.

Methanol and methylformate are recycled.
Formic acid is concentrated in the product column to 85 per cent

wt., and is then available for further processing. If 90 per cent wt.
formic acid is needed an additional column has to be used.
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B. Rav materials
1. Methanol

. The methanol to be used shall correspond to a normal purity (U.S.
Fed. grade A or equivalent), but shall be nearly free of iron.

Typical Analysis

Apparent specific gravity 0.792-0.793 at 20/20°C
Boiling range, °C 0.5 max. falling Dbetween 64°and 65°C
Precipitated by water Clear

Reducing KMnOs Min. 30 mirutes at 15°C
Darkened by sulfuric acid 20 (max.) (Pt-Co Scale)
Acetone and aldehyde 0.003 wt. & (max.)
Alkalinity (as NHs) 0.0003 wt. & (max.)
Water 0.10 wt. & (max.)

Iron ¢.05 ppa (max.)

Color 5 max.) (Pt-Co Scale)
Non-v::.atile residue 0.001 wt. &% (max.)
Aeidicy (as acetic acid) 0.003 wt. & (»ax.)

2. Carbon monoxide

Pressure 36 bar
Temperature ambient
Carbon monoxide 98.2 & vol.
Nitrogen 1.78 % vol.
Methane 0.02 & vol.

3.0 Consumption figures

A standard plant based on a feed gas «4ith approx. 98 & vol. CO will
require the following rav material and utilities per metric ton (MT) of
85 &% wt. formic acid at 100 per cent capacity utilization.

3.1 Rav materials

Methanol 7 kg
Carbon monoxide (100%) 610 kg
Catalyst and stabilizer* 0.5 kg

3.2 Utilities

Steam (10 bar)** 6,900 kg
Cooling water (t = 10°C) 250 m?

’ Cooling brine (T = -259°C) 1.1 Gcal
Process water 490 kg
Pover i 175 kWwh

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




3.3 Personnel

Operators 2 per shift
Shift foreman 1 per shift
Supervisor 1

4. Product quality

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

Formic acid 85 & wt

Water 15 % wt

Iron content 5 ppm ¥t (max.)
Sulphate content 50 ppm wt (max.)

Non-volatile matter 100 ppa wt (max.)
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BREAK-DOWN OF EQUIPMENT COSTS

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

Annex IX.2 Formic acid production equipment
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Annex 1X.1
BREAK-DOWN OF EQUIPMENT COSTS (MANUFACTURE OF CO—GAS)

ViIII.1 List of main equipment for CO-gas generation (CALCOR-C unit)

FOB orice in USS 1,000

Foreign Local

-
Reformer vessel wvith burner and tubes

filled with catalyst
Waste heat boiler
Flue gas boiler
Flue gas COz absorber
MEA reboiler 2,035
MEA stripper
MEA/MEA heat exchanger
MEA cooler
Rav gas COz absorber
MEA pumps with stand-by
CO-detection and alarm system

o B B ]

Control room equipment 167

Piping, valves etc.
Lightning system, catalyst :]

CO-tanks 133

2,443

VIITI.1.2 List of equipment for CO-gas purification (Cold-box unit)

FOB price in USS 1,000

Foreign Local
2 absorber vessels with internals
Steam heater 202
Cold water cooler
Water separator -
Process heat exchanger
Feed gas separator 437
Flash drua —
Feed gas compressor
Cold wvater set 630
Expansion turbine
Analyzing equipment —
Piping, steel structure 141
Control room equipment 17%

1,585
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VII.1.3 List of electrical equipment for CALCOR-C and Cold-Box units

13.8 KV switch gear

6 KV switch gear

6 XV capacitors

0.4 KV switch gear

Control board

2 transformers

Cabling systea

Fixtures, installation materials,
sxitches, sockets, etc.

FOB price in US$ 1,000

Foreign

Local

262

262




Annex I1X.2

NANUFACTURE OF FORNIC ACID - LIST OF MAIN EQUIPMENT

IX.2.1 Eethyformate synthesis
FOB price in US$ 1,000

Foreign Local

Synthesis gas compressor
Methylformate reactor
Reactor cooler

Reactor overhead condensor
2 reactor pumps

Reactor agitator

2 NeOH-NF colun bdottom pumps
Spent catalyst filter
Methyl formate reactor
Refrigeration unit

IX.2.2 Purification of methylformate, hydrolysis and product
purification

FPOB price in US§ 1,000

Foreign Local

Hethanol-methyl formate column reflux drum
Hydrolysis product splitter reflux drum
Product column reflux drum

Nethanol-Methyl formate column reboiler
Methanol-Methyl formate column condensor
Methanol-Methyl formate column vent condensor
Trim heater

Bydrolysis product splitter reboiler
Hydrolysis product splitter condensor
Hydrolysis product splitter trim reboiler
Product column reboiler

Product column overhead condensor

Product cooler

Product column feed bottom exchanger
Product column vent condersor

2 NeOH column reflux pumps

2 hydrolysis product splitter bottom pumps
2 hydrolysis product splitter reflux pumps
2 product column reflux pumps

Bydrolysis reactor with agitator
Methanol-Nethyl formate column

Hydrolysis product splitter

Product column

Total £ 4,099.34 547.66
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Annex X1

RESPONSIBILITIES AND QUALIFICATIONS OF
FORMIC ACID FACTORY AND ADMINISTRATIVE LABOUR

The staff of the factory consists of the following:

Formic acid
1 general manager - having good knowledge of economics

1 accountant - graduate in commerce vith experience
in bookkeeping and accountancy

1 marketing manager engineering graduate having experience
in marketing cheamical products and able

to negotiate directly with higher

authorities
1 marketing - engineering graduate with good experience
executive in parketing chemical products, having

experience in setting up and handling
dealer networks

4 operators in FA - medium engineering graduates, having at
least 5-year experience in chemical plants
especially in organic cheaistry

4 control-room - technical university graduates skilled in
operators chemistry as well as instrumentation and
control with at least 5-year experience
in manufacturing
2 maintenance - engineering graduates - medium-level,
engineers having 10-year experience in control and
instrumentation in chemical factories

4 shift managers - technical university graduates with 10-year
experience in chemical industry

1 technician - technical universicty graduate, skilled in
organizing research and development work

4 packaging operators
: 1 driver

2 secretaries




Carbon monoxide manufacture

- CALCOR-C - Cold Box process (Thailand)

The staff of the plant coamsists of:

1 plant manager - wuniversity graduate with good experience
in managing chemical plants especially
plants producing toxic gaseous products

4 shift operators - chemistry graduates - mediun-degree of
schooling having 5 to 7-year experience
in operating chemical plants and some
knowledge iL process control and automation.
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Annex XI1I
CALCULATIOR OF LABOUR COST

. 1. Carbon monoxide production

Thailand: Factory labour Administrative staff
* 1 foreman uss 7,200 shared with formic acid

4 operators USS 19,200

USS 26,400
Malaysia

The PSA plant does not require any operator. The plant will be
monitored from the formic acid control room.

2. Formic acid production

USS/annum

Direct factory labour Thailand Malaysia
1 driver 1,200 1,500
4 packaging operators 4,800 8,000
4 plant operators 9,606 19,200
4 control room operators 19,200 38,400
2 mairtenance engineers 3,840 4,800
1 technician (R+D) 4,800 4,800
4 shift managers 28,800 48,000

Total direct factory labour 72,240 124,700
Administrative staff
i director 15,000 19,200
1 accountant 7.200 6,000
2 marketing staff 14,400 15.000
2 secretaries 2,880 4,800

Total administrative staff 39,480 45,000

Total formic acid plant direct labour and
administrative staff 117,720 169,700
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COMFAR SCHEDULES AND GRAPHICS
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Total imitial
Total initial

Source of financing, construction
Source of financing, comstruction

Production cost
Production cost
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Annex XIII.1.1

VORKING CAPITAL REQUIREMENT
{Thailand)
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Annex XIII.1.2

#ORKING CAPITAL REQUIREMENT
(Malaysia)
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Total Initial Investment in ¢ USS

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

TEAT 0 v e v e e e e e 1989.1 1938.2
Tixed investment casts
taad, site preparation, development 0.000 0.000
Buildings and civil works . . . . . 0.000 $99.90C
Auxiliary and servize facilities . 0.000 3.000
Incorparated fixed assets . . . . . ¢.000 0.000
Plant aachinery and equipaent . . . h.200 1384.000
Tatal fixed investment costs . . . . 0.900 d249.000
Pre-producticn capital expenditures. 0.000 2397.300
Net werking capizal . . . . . ... 0.000 0.00¢C
Tata! iaitial imvesiment costs . . . 0.900 4646.300
Of ivferedgn. ind L L. L 0L 0.000 11,818

1990.1

0,000
2594.000
0.000
0.000
597.000

1191.000

1636.610
0.000

9021.010
54,506

1990.2

0.000
2594.000
0.000
0.000
4597.000

7191.000

116,050
0.000

1991.1

0.000
1729.000
0.000
0.000
2325.000

4054,000

1592.065
0.000

1991.2

0.000
864,000
0.090
0.000
942,000

1806.000

1607.815
0.0060

FORNIC ACID - NALAYSIA --- 26/8/1988, in

(erskeeR)
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Annex XIII.3.1.-
SOURCE OF FINANCING, CONSTRUCTION
{Thailand)
Source of Finance, construction : & &s

YE2T iivieniiennen 198%.1 1959.2 o 19902 19921 18012

Equilv, ordigary .. R 3335500 FT R &3
Equity, preserence. G863 €. 6% 000 £.0%0 &
Subsifies, granic . o0 £.68> £, 50 &9

icss &, fsreign . 3595000 STIS. G 1318, (05 2382.0¢8 132065
Leaz B, foreigs.. 5.8 G850 SR 2,052 G0

Lean Z, foreigh .
Lo A, ioczal....
Leas &, iocel....
tean £, §

6.007 iRyl e ¢ ¢.00¢
¥52.030 H i i 350 260
.00 .00 6.0
§.80% 350 €000 3.560

e

Total loan ........ &0 3087, 666 203,040 $322.800 3334, 000 1332, 600

Current liab:iidses .33 0,008

R 6005 0. 9%
Zank overdraft .... 3008 §.00¢ ¢

6. 855 ¢.0% 30¢, 333

Tatal funds ..., 0.0 2045560 A5 222000 KAL) 732393

FORMIC RCIE - THAILAND ---




Source of Finance,
1.1 | R

Eqeity. ordimacs ..
Ecgity, preference.
Subsidies, grasts .

boan ). foreign .
bhas 3, fareig..
Leaz C. forzigm .
wan k. lecsl....
kcan B, lacal....

SOURCE OF FINANCING, CONSTRUCTION

construction ia

1908.7
16987.562

€.05¢
&40

<
o ¢
e ST

< oese

(Balaysia)

1956.1

3.000
€00
.99

$152.60%
0.03¢
8.862
HEL R
£.666
g.50¢

300 uss

19%5.2

§.800
.66
e.000

4335.666
8.3u¢
6.066

177445
¢.85¢
§.688

Annex XIII.J).2

s
c.060
¢.co¢

PR ]
§.662
.06

jeiaes
;838

3
ner
3.8

%81

§.922
6.6zt
i.6es

1718053

C.uet
6.53%
§.0%
€.66c

i.4%

Current liabilizies
Back ovepdraft ....

925,33

¢136.0¢c0

.06
.00

i

©”n
.
B 3
-
v

8153.00¢

L3 31

) b

<% - MALaRSIE -




------------------------------ ST s e e e smaneee JONAR 3.1 - FEAS - Deme Version, D

Total Froductiaon Costs in 900 4iSe
Year L Lo, PN 1992 1993
2of 252, canatity fsingle procuct). 0.000 000
Raw aaterial 1, ., ., . N . 487.%00 492,500
Other 3w aaterials ., ., ... .. 151,000 i Y
tihities L L L0, . 85,500 119,700
Eneegy o o 0L 495,500 895,100
Labour, direct .. . ... .. “ 98.000 93, otw
Repair, zaiatenance . . . . . N 361,500 429,700
Soares . ... .... e 490. 000 430. 000
Factory cverheads . . 24,000 20,000
Factory costs . . ... ... . 2194, 000 2730, 400
Adainistrative overdeads . . . . ., . 83.700 83.700
Indir, casts, sales and distridution 180,225 246,718
Birect costs, saies and Jistr:dution 136.350 190.8%0
Deprecaation . . . . L. ... .. . 1982.277 1962,272
Finamcial costs . ., . ... ... 1752. 080 17287, 060
Total acoductisncosts . . . . . . . 8313.812 4975, 042
IITTTSI=ranTey ATTATIISIINIIRR
Casts zer unit { single praduct ) 0.000 0,009
Of it foreign, ¥ ., .. ..., . 53,301 49,316
OfF 1% variatie L L. L L L. . 26,032 230008
Total laseur . . . . ... ..... 138,000 138, 90t

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

FORMIC ACID - THAILAND --

1934 1999
2,000 0,000
975, 600 978,000
302,000 302,000
171,000 171,008
993,000 993,00
98. 100 98,000
432,000 462.000
490,000 190,000
24,900 24,000
3538, 000 3539, 000
83,700 83,700
6,450 346,450
212,700 272,700
1962,217 192,277
1757, 940 1716, 580
7957, 107 1916, 707
x3zINRaTIRSNESE SIARTNIAXITIE NS
¢, 000 0,000
4,753 43,022
1,210 41,522

138,000 118,00

1994

0,000
975,000
302,090
171,000
993,000

98,000
482. 000
490, 000

2. 000

335,000

83,700
348,450
212,700

1962,277
1876,100

7876.227
srssuasizsvaang
€. 000

43,233

1.7

138, 00y

1e0y 1996
0.000 0,000
973,000 973,000
302,000 302,000
171,000 171,000
793,000 §93.000
98,000 98. 000
482. 000 482,000
490,000 490. 000
24,000 24,000
3335, 000 3335, 000
83.700 83.700
346,450 346,450
272,700 272,700
1942.277 1982.277
1633, 62¢ 1393, 140
1638.747 1793.267
ISANNESINNES SERANRESESRSERE S¥y
0.0 0,000
45,487 43,723
41,951 02,169
138,000 128,000

¥ - (puelteql) sIS0D MOILDNQONd

T°9°I1IX x3uuy
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-----------------------------------------------------------------------------------

Total Production Costs in

YOl .. v e e e e s . . 1939
T of r3e. casacttv siagle araduct), 0.000
Raw saterzal ! . .« v o o s o 973,000
Other row 2aterials . . . v 00 v e 302, 00
Uhalities . v v v e e e e e 171,000
ENergy « « v v v v e e e 993,000
Ladour, drrect . . . . . e e 98. M0
Repair, satatenance . . . . o o4 482,000
SPAreS . L i 4 e s e 490,090
Factory overdeads . « v v v o 0 v s 24,000
Fazckorv CastS 4 v v v v e e e e s 3535, 000
Ada:inistrative overkedds . ..o . . 3. 100
ndir. costs, tales and distrisutien Jas. 450
Direst costs. sales ang Zoistrituticin 720

Jepreczaticn o v . . . e e 1952.207

P S DR S PR L TR PEEE LESE L b Ll L DL A S b bdade ek bdobddoinie b

Finanzaa) 2235 0 v v v v v v e v 1954, 860
Total productian 2383 4 0 v 4 . 754,787

TITJATTITII
Costs per urit t siagle sroduct ) . 0,000
0F 22 607030, T v v v e s 45,962
Of 1 varsadel . L o0 o “ 42,789
Totai labowr . . . . . . e e e 138.000

v .

000 USH

2000

U
975,000
302,000
171,000
993,000

98, %0
AB2. 0
499,000

24,000

3535, 000

82,008
TS 5L
272,700
192,277

1514.180
1714307
STTISITRTIT 3NN

0,000

45,203

42,811
118,000

P
N\

&, 00
0%, 90k
302,00
171096
293,000

98, M
432, 000
43¢, (o

24,000

3538, 00d

83,70
Ta A4S0
v, e

lg;q 5-1
“w.. '.'
7633.82%
TEITTUTITRIITIT

0.000

5.4%7

42,874
b RO

LumEaR L.t

L2

.00
§75.000
302,000
171,000
993,000

98.900
432,900
£20,000

24,000

335,000

9, b
344, 4%0
M

j962.2M
LRI
579,236
STATITINNAR
0,000

46,313

43,37

172,000

FEAS -

003

0,000
975,000
302,000
171,000
993, 000

99,000
482,000
499,000

24,000
3579.000

83.700
J4s. 450
7.
1942, 280
1294,599
7434, 589

STASIRTARNSITSNY

0,000

46,178

'l u}g
128,000

Jemo Version,

2004

0,000
975,000
302,000
171,000
§93.000

98. 000
482,000
490,000

24,000

3533, 000

83,700
145,450
272,700
910,919
1189, 98¢
£338.637

IEEERINEES

0,000

AL20)

91,839
138,000

2009

0,000
975,000
302,000
171,000
993,000

98.000
482,000
490,000

24 000

3543.000

83.700
344,450
"0
910,819

1179,69€

6204, 36/
SSUSERESIREANNS
0.009

10,741

52.303

118,000

0k

0.000
975,000
302,000
174,000
993,000

98,000
482,000
490,000

24,000

3835.000

g2, 700
MW D)
272, M0
910,827

1081,808
$230, 464
SSSEYENISESENSE

4, 060

40,227

22,799

38,000

FORNIC ACID - THRILAND === |
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Total Production Costs in 000 USS

FOAT © v e v vt e e e e s 1992 1993 1994 1994 1996
% of nom. capacity isiagle praductl. 3.000 0.000 .000 0.000 0.000
Pawaaterial L. .o oo v 305.00G 127.000 610.000 616,000 $10.000
dther raw 2aterials . . . ... .. 131.000 1,400 302,000 302.000 302,000
Drilities . . . .. .. o0 v e 312,400 521.90¢ 145.000 145,000 145,000
L) R 349.500 169.300 1099.000 1099.000 1099.000
Labowr. dizast . . . . . ..o o 125.000 125.000 129.000 125.000 129,000
Repair. maintemance . . . ... .. 297,000 336.600 195.000 398,000 396.000
1717 TR 300,000 100.060 300,000 300.000 300,000
Factory averheads . . . . ... .. §5.200 5.200 5.200 5.200 §.200
Bactory COstS . . . v i v e v e e 108,200 1696.000 1582.200 1542,200 3542.300
Mainistrative ovetheads . . . . . . $1.500 17,500 $7.5%00 $1.500 $7.500
Indir. sosts. sales and distribution 91.500 108,100 144.000 148.000 148.000
Direct costs, sales aad distribution 117,400 164,640 235,200 235,200 238,200
Depreciation . . . . . ... .4 1940.166 1948.166 1988.146 1984,166 1940, 168
Tinanzial costs . . . . ..o e 1650.760 1650.780 1606.420 1562.000 1817, 40
total production costs . . . . . .. 6030.126 6695.186 1647, 446 180).146 1950.806

SISSTIZATIASERY 383352333 18%323 2338883283083 8 98NS ANETANENS SSASIRRNINSEEEN
Costs per wnit i single product ) . 0.000 0.000 0.000 0.000 0.000
of it foreign. ¥ . . . . . ... . o .810 39466 19,686 1.9
Of it wariade N L L Lo . .51 WIS 040 4).69% 4.9
total labour . . . oo o0 170.000 179,060 110,000 170.000 170.000

199

0.000
610.000
302.000
145,000

1099.000
125.000
354,000
100,000

5,200

1994

0.000
610,000
302.000
145.000

1099000
128,000
396.000
300.000

5.200

502,300
17,500
148,000
18,200
1908.166
1473.400

1914.466

0.000
40,164
W

170,000

142,200
47,500
148,000
235,200
1940.166
1429.060

1470.126
eSNEESSNITEnESS
0,000

10.40)

.

170.000

Y - (eiskerel) S1S0D NOILONAO¥d

T°¥ IIIX xauuy
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000 USS

000

0.000
10,900
302.000
145,000

1099.000
135,000
396.000
300.000

5,200

2001

0.9
610.000
302.000
145,000

1099.000
128.000
196.000
300,000

5,200

102,200
$1.500
148.000
218,200
1908164
1340.380

3982.200
$7.400
143,000
235.200
1980, 188
1298.040

Total Production Costs in
1 | S 1944
v of now. capacity single prodlctl 0.900
Rawgaterial 1 . . . .. .. e #10.000
Otker raw materials . . . ... .. 302.000
orilities . . . . i 0o e e 745.000
BROZGY . - v v v e h e e 1099.000
Labour. direet . . . . . o000 129.000
Repair. maintemamce . . . . . ... 396.000
Spates . . . o v v v . 300.000
Pactsry overheads . . . . .. . .. $.200
Factary COst8 . . . . v o0 o . 3502.200
Adainistrative overheads . . . . . . 11.500
Tadir. costs. sales and distribution 143.000
Direct costs. sales and distribution 235.200
Depreciatica . . . . . . oo 1980166
Tinamcial costs . . . ... 0 s 1384720
Total produstion costs . . . . . .. MBIN
b EiREREERES
osts per vait : siagle praduct ! 0.000
Of it foreign. V. . . . o s 40.4U
Of it variable.d . . . . . .. s .y
fotal ladouz . . . . . L o v e e 170.000

e oA LA R DL L LRI R R R LSS R AL AL LA A LA AAL AL AL

N

EEEE Rt RRERRE)
0.000

40,448

5.007

170.00¢

131,106
SINSIZASTASNNAE
0.000

.13

45,219

170,000

002

0.000
10.000
302.000
145,000

109,000
128,000
396,000
300,000

5.260

502,200
7,500
140,900
5,200
1948.166
1283406

nuw.am
LR RN 2]
0.000
10.99%
.49
170,000

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

2003

0.000
§10.000
302.000
745,000

1099.000
129,000
196,000
300,000

5.200

JSIZ 300

17,500
143,000
315,200
1900.160
1110.7171

Nns.
EERERERREN 2]
0.000
{0,450
16.4%2
170.000

---------- CONPAR 2.1 - PEAS - Demo Version, D!

2004 2008 2006
0.000 0.000 0.000
610.000 610,000 §10.000
302.000 302.009 302,000
145,000 749,000 145,000
1099.000 1099.000 1099,000
125,000 129,000 125,000
196,000 196.000 396,000
300,000 300,000 300,060
5,200 L) 200 5,200
1542.200 1502.200 JSIZ 200
17.500 17.500 17,500
140,000 148,000 144,000
38,200 215,200 238,200
14N 19N $49.4))
1062.41 .10 5.0
065,209 $016.91% 9964.622
STSRIUSIEENASES SUSODNSESINSNSE REDNSURNUERISNS
0.000 0.000 0.000
38N 35,220 369
5.1 89,214 95,661
170,000 170.000 110.000

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

PORNIC ACID = NALAYSIA <= 20:
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Cashflow tables,

Total zashoanfloe .

Cyn3acidl rescurles .
Sales, net of fax . .

7-t3! cash autflow . .

Total assets o oo
Operating costs . . .
tcst of fiaance . . .
fepayaent . . . o s
Torporate %X .« .+ o
Davidends pait

surplue ! dehart ) .
tusulated cash balante

lntlown, 12¢dl « .« «
Dutélow, local « o o s
Jurplus ! defaat } .
irélow, foreigh « .
Jutilow, fore1gn . .
Surcius ¢ deinat ?

Net cashilow o o . v o
cusulated net cashflow

--------------------------------------------------------------------------------- - COMFAR 2.} - FEAS - Desc Version, 01323 =o===
prnductinnin ond UiSh
1992 1993 1394 1948 199 1997 1996
3248.089 4395,843 8284,277 §219, 764 5219, 754 219,784 6219, 744
15€.188 43,008 84912 0,900 0,000 0,000 0,000
109,892 353,874 5219, 784 £219,764 5219, 754 4219, 764 5219.754
5644, 583 $228.984 877,238 304,430 £26%5.990 5228.470 4184,990
12932 220,249 30,329 0.000 0,000 0,000 0.000
2594.218 32%1.70% 4237.8%0 4237.8%0 4217.8%0 4217.,8%0 4237830
1757, 089 1797,080 157,040 1714.980 1676,100 1635.620 1893, 140
0.000 0,000 352,000 152,000 152,000 352,000 382,000
0,000 0,000 0,000 0,000 0,000 0,000 0.000
0,000 0.000 0,000 0,000 0,000 0,000 0,000
2376493 832,142 -192.941 -Bb, bbb -46,186 -5, 70b MUl
-1176.883 -4009.023 -§401,986 -4489, 492 -4334,837 4540, 943 -4505, 749
1407173 1824, 401 2609, 240 2547, 268 2547, 243 2947, 268 2547, 283
2981.082 097,891 405,429 066,170 4025490 398%.210 1944,730
-1877.879 -1253.489 -1797.389 -1%18.90% -1478,42% -1437,94% 1397, 485
1840.89% 2972440 3675.037 3872.500 3572,500 3472.500 372,500
2633510 2141,093 2270, 610 2240, 260 2240, 260 2240, 280 2240, 287
802,614 471,748 1408, 427 1432,200 1432,200 1432, 240 1432,240
-519,433 924,919 171,098 1981919 1981,9195 1901.91% 1981,91%
-19336.430 -29411,%20 27498, 420 29713, 500 -23731,590 21749, 680 =19787.760
........................................................ .II---.C-HICIUIIUHO
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---------------------------------------------------------------------------------- CONFAP 2.! = FEAS - Demo Versicn, |

Cashflow tables, production in 000 US4

YOI L. e 1399 2000 UL 2002 2002 2004 200 2006
Total zash irflom . . 213,734 319,784 8219744 SIERIY 219,744 8219, 754 219,704 S219. 784
Siraacial resources . 0.000 0.000 4,000 0,000 0,000 9,090 0.000 0,000
Sales, ret oi tar . . §219, 764 6219, 784 5219.764 6219.764 BUNTEE 123,14 6219, 754 5219764
Tata! cash cetflem . S144.5%0 §104,030 834,220 8741.49¢ 8447,129 $200,95¢ B14b, 448 5092.377 2
.......................................................................................... 17
Tatal assets L .. 0.000 0.000 0,900 0.000 0,009 0,000 0.000 0.000 0
Qperatizg costs . . . 42312,85¢ 4237.83%0 4237.8%0 4277,050 4237,8%0 4237,8%0 217,850 4237.8% g
Cost cf finance . . . 1554, 4680 1914,180 1473700 1379, 130 1284, 559 1189, 989 113,998 1081, 808
Repavaent . . . .. 352,000 392,000 1124,720 1124,720 114,720 172,120 772,720 172,120 —
{orgorate tax . . . 0,000 0.000 0,000 0.000 0,000 0,000 0,000 0.000 = B |
Diviceads paid . . . 0,000 0.000 5,000 0,000 0,000 0,000 0. 009 0. 000 5 S
oo v
Surplus [ deficit ) . 75,234 18,734 -616.30% -324.938 -427.343 19,206 73.99 127187 E; T
{uaulated cath dalance -4, 34 4314, 780 4971393 3453, 22 -7880.383  -38s1,179 -$788, 083 <5650, 695 ~Q
Iaslon, 'ozal .. .. 547,283 2547, 248 2547, 248 047,255 2947,246% 28547, 288 2947, 288 2947, %85 5‘
Qutflaow, local o . .. 3904.250 3883.770 827,290 3782.810 3742,330 3349, 8%0 1349, 8%0 3349.850 S
Surplus ! deficit b ~1354,985 -1318.5¢03 -1274,02% <1235, 543 «1195,063 802,383 =802, 585 -802, 389 '
nflow, faretgn . . . 3872.5300 3422.500 3622, 300 3672,500 3672,500 3872,%00 3672,300 3672,%00 o
Jatslcw, dcresgn . . . 2240, 240 2240, 280 012,990 2998.890 294,799 2890, 708 2796.418 2742,928
Surpius f sehrat 1, 1432, 4¢ 1432, 240 £59,320 713,610 767,700 821,751 878,881 929,972
Net zashilew . ... 1981.915 1981, 915 191,318 1981, 919 1981.91%  1981,91% 1981.915 1981.91¢ E
Cuaciated ~2% zashijon  -17785.85¢ -13802.330 -13823.920 -11040, 110 -98%58.191  -7878.27) 3894, 382 3912, 448 e
------------------------------------------------------------------------------------------------------------------------------------------ ”
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.




CONFAR 2.1 - PEAS - Demo Version, D132 -ee--
Cashflow tables, production in 000 USS
1992 199) 1994 1998 1996 199 1994
Tozal cash inflov . . 144,600 717,300 6743.250 6672.000 §672.000 6672,000 6672.000

Financial resowrces . 158.600
Sales. net of tax . . 1336.000 4670400 $672.000 6672.000 6672.000 6692.000 €672,000

Total cash outflow . . §120.348 §317.660 #442.610 6058.380 6014.040 §969.100 §929.360

Tazal assets . . .. 10Mm.an 311,280 340.890

Operating costs . . . 2391.400 3056.240 4052.900

Cost of finaace . . . 1850.760 1850.740 1606.420 1962.040 1817.240 141). 400
Repayaeat 0.0¢2 143,400 143,400 {1400 443,400 443,400
Sorporate tax ., . . 9.000 0.000 0.000 0.000 0.000 0.000

Dividends paid . . . 0.000 0.000 0.000 D.000 0.000 0.000

Swrplus i deficit ) . -1628.118 -659.760 299.640 61).620 657.960 102,300 146,640
Cunulated cash balamce 1. 291,600 2800 -1634.30 966,427 <0417 0.

Inflov, local . ... 061797 13,167 3908.650 3840.000 3440.000 3640000 3840000
Quttlow. local . . .. Joas.821 3820.833 4578.150 223,020 .60 1310 040,000
Surplus { dericit ) . =987.084 -886.467 -669.500 -183.020 338,680 =394, 340 -250.000
Intlov, foreign . . . 32.40 198¢.10) 134.600 2132.000 112,000 032,000 2132.000
Ostflow, foreign . . . 01,50 1751.007 1865.460 1835.360 148,360 1435.360 1438.360
Sarplus 1 deficit ) . ~638.69) .10% 989. 140 996.640 996.640 996.640 996.640

(etskeyeq)
¥ - MOIIONAO¥d ‘SIIEVL AOTLI-HSYD

85.012 1434.400 349,460 619,100 3619.100 619,100 2619.100
=30440.9%¢ ~29014.590 ~36865.130 =24046.030 ~11426.920 =18807.430 16108.730

PORNIC ACID - MALAYSIA --= 26/8/1948, in
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----------------------------------------------------------------------------------

Cashflow tables,

Total cash iaflow . .

Finaacial tesources .
Sales. aet of tax . .

total cash outflow . .

Total assets
Operating costs . . .
Cost af fimance . .
Repappent . . . ..
Corporate tax
Divideads paid

Surplus i deficit |
Cunulated zash dalance

Taflow, local .. ..
Outflos. local . . ..
Swcplus @ Jeficit )
Inflov. foreign . .
Outflow, reign . . .
Surplus i deticit )

Net cashflow . . . . .
Cunulated net cashilow

--------------------------------------------------------------------------------------------------------- AR ENNAET N RN SRS r RSN RREREENS (PEESR - SRS TN

TORMIC ACID - WALAYSIA --- 26/8/198

1999

6672.000

production in

000

6672.000

000 UsS
2001

6672.000

2002

6672.000

CONTAR 2.1 - FIAS -

200)

6672.000

2004
6672.000

2008
6§72.000

4006

672,000

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

0.000
$672.000

S111.020

0.000
6672.000

5836.600

0.000
$672.000

6482.280

0.000
§672.000

349,626

0.000
$672.000

5853.9%1

0.000
6672.000

6040.01)

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

0.000
1052.900
NI

$).400

0.000

0.000

190,900
IPIENLY

3840.000
4045.460
-205.660
N.000
1835.360

998.640

2619.100
<13569.430

0.000
4052.900
1340.280

443,400

0.000

0.000

$35.320
2108.81)

3840.000
001,320
-161.320
2832.000
1835.360

996.640

2619.100
<10950.530

0.000
4052.900
1296.040
133,320

0.000

0.00¢

138,740
2298.582

3840.000
3956, 94¢
-116.940
2832.090
525,280
308.720

2619.100
0340

0.000
4052.900
1303.406
133,320

0.000

0.000

AN
2580.926

3840.000
1912.640
-12.840
3832.000
476,986
385,014

4619.100
<$712.00

18,409
139%.338

3840.000
342,900
{15,100
2132.000
228,691
°Q3.308

2619.100
-3093.202

4052.900
1062.417
649.920
2716
0.000

§2).907
402330

3440.000
667,816
172,30
4832.000
A0.397
151.60)

3376,
=716.449

652.96)
4676248

3840.000
646,928
153,068
432,000
332,10
99497

2357.06%
164021

al..8
0.000

681,940
5350226

3840.000
3706, 251
1,74
332,000
223,408
548,192

337,748
1977,96%

(etskerey)

4 - NOILONAO¥d °SITEVL AOTI-ASYD

T°6°II1X xItuy

- 9T -



127

Arnex XIII.6.1

NET IRCONE STATEMENT (Thailand)

-
Rt ------- (ONFER 21 - CERS - Pees Versigm, B1I2T -----
Net Income Statement iz &% £t
[ 3
T 135 ] 1933 137
Total sales. inci. IINIE 32378 $282.49% T892
iess: variatle costs, :ncl, selss fe3d.38] KPRER 333,858 3379830

¥ariable sargin 8e. T 2082.80% KEDPR 1o 19318 His

L T s, A PSS . 75 4 atlaaBen £ St o

1<
e
Rs 2 of tetaloseies . ... ... .. 45,828 £5.3% §2.82¢ 48,638 $.83t

Xon-variabie costs, incl. dazreciaticn ;.98 Jam ey 231,978 912,577

Gperatianal n.gu. et et e -l 188 12,477 HA5 15.4837
fic Tof total ssles . ... ... .. -19%.47 3,314 3 (.21t
Sostof figzace . ., ... ..., .. 1757580 1757048 R -t 1788280 1578350
o3 1 T34 SO =30T.70 -2817.208 ~1TIT822 -1558.
R..sun;es e e e e e e e e (A 3 £.09¢ G000
Tararie ettt . L e s e .. -3320, 75 -2517.258 -1TITLRT i TN T
£ G50 &

vividends said .
badigtrivotes 2

Prouasiates yndigdrrmebod nenl.s

v MHees. cmentw w o w oaw v o »ow

L Y

Eroee profit, ooy t:t : . -:{2, 388 -3 .47
Net profii, % oof it e $02.3:2 -55. %6 -26,851
ROE, Net profit, Tofoequiitv. .. L. 17,588 -3¢ 440 -19.28¢
831, et profiteincerzes, 3o -4,£5 -2.I7 0,83

> - THRILAND --- 24.%.¢

-
-
-




Annex XIII.6.1

NET INCOME STATEMENT (Thailand)

cr
ittt

Al

FEAS - Deec Version, B3

il
()

"o
‘

4
ad

2
[ +4
o
oy

[

Net Income Statement i

YEar o v v st e b e n e s e 19¢? 1958 1999 2080 it H

Tota! sales, incl. salestax . . ... 82£2,4%2 ATRI 49T gI82.43¢ 8262.493 N
iess: variable costs, iacl. saies tax. 3329.883 3323.855 333,838 3329.883 $323.588

Variable gargicn . o0 o v v oo 0. . 3932.8! 2333858 3932.855 2922.415 NI
fs Tof sotateales ... ...l 40,528 $5.82¢ &g, 828 45,828 85,52

L. ce= -
Han-variabie costs, incl. deprsciation 251:,578 81197

Sperational RaTSin . . v 0 v 0 v . . s 19,837
fz 2cf totalsales . ... ... .. &304 0.

RET3 NS IR 31:F 1< 4 O A ) 1835428 1595140 1534638 1314.180

Bross profit v v v i e e e s e e . . -151 13753.503 -1454,543 -$424, 083
RIloNanzes .« o v 0 b e b e e e e s i 0,680 6,008
Tazahie arofit o v v b h e e e e e e -85 (STS.ET -1494.543 -1454, 087
7 A i §. 908 8.9%% 6,640

1615,987 -1575.5¢3 £335,073 SUTE -1454,043

Ve Tesive el

1L

Tividercs paid . e e e e ey ¢ EoE 4098
tndigtribuied -1576.033 -1804.543
¢ s z

- B3
idlvmeawe
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Annex XIII.6.1

NET INCOME STATEMENT (Thailand) - C

tEMrak 3.1 - FERS - GDess versica, Bi
Net Income Statement ir 0 U5t
FOar vt v et e e e e e e s W2 403 2404 s ot

Total sales, incl, sales tar . . . .. 8282, 49% 8252,2%% £252.4%9 8262.499 §352.49%

tess: variabie costs, inci. sales dax. 332%.885 3335.823 33259.885 3328.883 329.985

Veriablesargin . . .. .. 00 ... HI2ES 2932.81% 32815 FSAFN- Y] €328
fs Tof tetal salez . ... ... .. 45,828 §c.228 §6.87¢ §€.828 §.828

Mon-variabie costs, inci. depreciztion R2.317 2:2.%8¢ 1881.51% 1861359 1341.527
Geeratizoal @argin . . . . 0 v 0. £9.£37 16,835 Hir I TR 1671.082
as T of tatalocales . .. ... ..., ¢34 .38 17,103 17,457 17,163
Cost oifinamte . . ... ... . 1378258 1224.55 118%.989 1135.8%¢ 108!, 888

Sroszgrcfit L L L L L L L L. L. .. ~1359. 462 -iZh8 522 -$18.8%3 -34.357 -15. 73
silomances . . . . .. ... ... .. 6. 6% 8,008 G005 §.60 ¢.008
Tesaklearcfit . . . L ... ... -1355.482 -1784.525 -118.5%3 -16.720
3 6. 060 §.00¢ BRyEY &.048
Natprofit o o v h b e e e e e -1359.492 -12868.922 -$18.8¢7 -5&,833 -15,730

ividerdz p3id . . . v v v e e e e &, 00 2.000
Unbietribited profit . . e s -13%9.492 -1264,928 -64.807
fccuauiated undietridbused srofrt L L . -1994¢,376 S21280.300 -21554, 957

Sroge profit, ¥ oof botal sales ., .. -21.768 -25.1%8 -§.8% -1.638 -C.178
Net profit, T of totsloselez ., . . -21.708 -2%.198 -..8%8 -1,038 -&. 178
FOE, Mot profit, 3 oofesuity ., .. .. ~15.812 -14.71z -1.383 -5, 754 -0,135
RGI, Net grofit+inierect, I of 1nvest. 0.053 0,663 427 3.423 3.427

FORRIC ACID - THAILAND --- 24,
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Annex XIII.6.2

NET INCOME STATEMENT (Malaysia) - A

- -- CoMEA? i.1 - FEAS - Desmz Versies. Di
Net Income Statement iz 08 USS )
Tear . .. e e e e e 19§2 139} 199¢ 1985 1495
Toral sales, iazl. salestax . . ... 113:.00¢ 4876.80C $672.95¢8 of72.00C £872.0063
Less: variacle costs. iacl. sales tax. 1621.100 $325.540 3322.206 i 3322.230 i32.208
Farfedlamargia .. ...... ... 1874.990 23488680 3349.80¢C 3349.8¢0C 3345.888
As 3 of totalsales . ... ..... 58.267 52,207 30,287 §6.207 £6.205
Noo-variable costs. ircl. depreciation 3T18.888 718,883 118868 2718, 888 e118.885
Jperaticaal Bargin . . . .. ... .. -1043.988 -374.085 635,93 236,934 £30.934
s Yof totaisales .. ... .... -31.294 -§.068 9. 45¢ §.45: §.45¢
Zostof fimamez ... ... ..... 850,780 183%.788 i006.422 1582.085 1313.74¢
Grassprofit . . . .. ... .. ... -1894.72¢8 -2024.7¢¢ =875 45¢ -§31.14% -£§8.50¢
Allgwanees . . . . . .. ... ... ¢.40% 7.830 £.098 ] G.6C6
Tezsbleprofic . . . ... ... ... -18%4.726 -1024.7%¢ -§75.488 -031 14¢ -§88.80¢
€3O £.60¢ 6.56¢ g.60¢ ¢.633 .65
Fezprofic . .. ..... ... ... -28%4.738 -2324.788 -§75.4i¢ -831.14¢ -3§¢.30¢
Dividends paid . . . ... ... ... 3,608 8,608 3,830 £.808 £,362
Fnéistoiputed profit . . . . . . . .. -2893.72¢ -2034.T8% -§753.482 -831.14¢ -gie. 508
Accumuiated undistributed prefit . . . -1694.72¢ -4715.4¢! -5894.937 -3528.123 -7817.%7¢
Grass profit, & of tetel sales . . . . -38.77% -43.253 -1l -13.%5¢ -13,251
¥et profit, % of total sales . . . . -30.777 -43.353 -14.82: -13.9%¢ 13,243
ROE. Ket profit, % of equity . . . . . -24.763 -16.5¢3 -§.543 -§.517 -§.13¢0
RAI, Ket prefiteinterest, & of invest. -3,128 -1.188 1,961 1,981 1.382

FORMIC ACID - MALAYSIX --- 28/8/
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Anpex XIII.6.2

NET INCOME STATEMENT (Malaysia) - B

: CoMEAR 2.1 - FERS - Deme Versisp. D132
Net Income Statement iz & 0S¢

.
TOIr . .. e 997 8 1995 ied hohH
Tetsl sales, imcl. saleswax . . . .. 6672.065 270,538 6672.005 géra. bt 887,248
Less: variable costs, iscl. sales tax. 322,380 ECP 3322.200 3322200 3332288

Variablesargin . .. ........ 3345.800 133,350 3349.000 3345.500 33680
Is Vof total sales . .. .... .. 56.207 P H 5¢.20? 5¢.267 32,287

Non-variable costs, imci. depreciation iT18.8¢¢ P 111 018 885 T18.8%¢ ile.se
Operational gargin . . . . ... ... £30.94 I 836.53¢ 830.93¢ 830.833
hs Y of tetalsales . . ....... &.4%¢ ER L1 §.45¢ 5.436 §5.45¢
fostof fisance . .......... SA13.400 Leii R 1384.720 1349.388 1388 342
Grossprofit . . . .. .. ... ... -842.48¢ SR -153.786 -156. 448 885,508
Ailowmamces . . . ... ... ... #.030 g £.0696 £.008 .50
Tazaple profic . . . ... ... ... -842.400 TR -133.75¢ -706.44 -ge3.i0¢
b ¢ 0.508 R 0.00C 6.0 8.002
Nevgprofic . . . ... ... ... -§4:. 482 REE ] -133.786 -165.44¢ -685.10¢8
Pividepdspeid . ... ........ 3.9%3 £.068 €.360 ARG
Mndistributed profic . . . ... ... -84:. 43¢ -753.78% -185.43¢ -2, 13:
kecusulated undistributed prefic . . . -£352,383 -5%07.357 -iele.ss -1i38l.i8:
Gross profit, & of toval szlss . L L. -ii.td7 -l.eel -11.29% -18.833 -8 %83
Net profit, ¥ of tatel sales . . . . -12.827 -1l -11.3%8 -1£.833 -3.85¢
ROE, Net profit, ¥ 2fegits . . ... =174 -2 -£.911 -8.544 -¢.153
R01, Met profiteinverest, & of iaves:. 1.98¢ 1.981 1.681 1.850

FORNIC ACID - MALRYSIA --- 2¢:§¢
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Annex XIII.6.2

NET INCOME STATEMENT (Malaysia) - C

- Dape Versiza. DI

[ad]
| 1
(]

mrdz X0 - 7

Net Income Statement iz 0 0SS

Tear . .. ... ... oL 2062 a3 <6G¢ 2008 S

Total sales, iecl. salestex . .. .. (3R 8872000 6672.00¢0 ser2.00C ce-o. 080
izss: variable costs. iaci. siles taz. 3322.%6¢ 332z.208 3322.200 3312.160 3322.208
Tariablemargin . ... ....... 3345086 3346 868 346,400 3349.804 KXLEN {1
ks tef teval sales .. .. ... .. $6.257 56.287 56.263 5¢.207 36287
Non-variable costs, imcl. depreciaticn 1718868 2715860 1680.53: 1880.5)1 1882335
Jperatiopel margie . . . .. .. ... eI e30.%4¢ 1869.268 188,208 T2ES e
s W ofroval sales .. .. .. ... . §5: €.457 25.61% 5.615 8.635
Cost offimamce ........... 1703.408 1118371 1882417 il L
gtossprofic . . . ... .. ... .. -572.472 -§75.83: 608.791 £35.34% 391,373
Rliemazzes . . . . ... . .o 6 (213 3.000 G.00¢ ¢. 6ot £.85¢
Tazableprofic . . . .. .. .. ... 10.3%8 -476.331 806.793 £35.088 LN
5320 ( it .66 UL 1e 22034 <31.352
Nergprofic . . ... ... ... ... -2T3A4% -§73.832 384.078 393,638 $:0.0807
videndsgaid . .. ... ... ... .. E 3.000 ¢.060 .00
::zszzxzntec |34:13 SN ~572.40 -§7¢.83 1§4.078 123,032
Accugnlated wadistrizuced profiv . . . -11854.338 -12334.233 -11970.6%3 -LIITTLG
Gross profit, ¥ of totzl szles -8.58¢ <1182 5.083 ¢ 81t -1y
st prafit, & of total sajes . . . . -§.580 -3.182 3.457 3.491 £330
BOE, W=t profit, ¥ ol equicy .. . .. -5.u4¢ -§.333 3.3 1,803 i.ge8
R2I, Nat grofiteintarest, ¥ of izvest. 1.981 1,881 4.430 §.41§ .33

FORMID RCID - MRLAYSIK --- 23/8,
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Annex XIII.7.1
SENSITIVITY OF IRR (Thailand)

X i Seasitivity of IR {  FORMIC ACID - THAILANB '
internal rate of return i BASE VERSION

—_ sales price(s} J#Hr’

- . operating cost(s) ‘#,f”’

_____ iritial investment ol

.-P"”-i
,f/
~
"”‘i;ﬁxf##/

variation in 2 i
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Annex XIII.7.2
SENSITIVITY OF IRR (Malaysia)

| Semsitivity of IRR FORMIC ACID - MALAYSIA i
internal rate of return BASE VERSION ;
!
i
T
61 "
- - - /f’

L )
2y o R
p — sales pricets) ...
! e .. operating cost(s) ~ - _ N i
8 : e .. initial investment Y-l ;
P
g =T g 18 28
i variation in
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Annex XIII.8.1
DEBT:SERVICE RATIO CHART (Thailand)

[
: Debt Service Ratic, by year |  FORMIC ACID - THAILAND |
ret cashflow/debt service i  BASE VERSION

i - — yea
i K
: 8.6i
cod i _ base case .
L8.4;
P ; g
. 8.2 !
 8.6: i
-8.2.
R

't 2 3 4 8§ & 7 8 9 18
Start wp yeas
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DEBT:SERVICE RATIO CHART (Malaysia)

Annex XIII.8.2

t Debt Service Katio, by year

FOMIC ACID - MALAYSIA

wet cashflow/debt service | BASE VERSION

2.8;
1.5:

; 1.8]
i

: 8.5:

o w mme e

: 8.8
H

Start up

T 2 3 4 5 & 7 § 9 1 i1

13 4 15

year
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Annex XIII.9.1

SUMMARY SHEET FOR SENSITIVITY ANALYSIS I
{Thailand)

COFRE 2.1 -~ SEAS - ©eac Versios, BISZD ~----

FORRID AJIG - THRILAME
28.8.8,
SENC. AL, - KISHER SALES BRILE

3 yeerist of ceastruci:se, IS years of gradustice
€Crrency CORVErsias ratss:
tEeigR correacy ! enit = L3RG smits arcmating carrecy
ictal  currency ! smit = 1.¢8¢% units accomting currency
acewntiag cerrancy: 600 US$

Total initial investwment &ariag coastructica phase

fixed assets: 3333k, 3% 85.8%8 I foreige
Tarreat ascets: §.¢¢ §.000 1 foreigs
tztal  aceste: 33238.7% §5.832 1 foreiga

Source of funds durisg cezstractiar phase

€3ty & grasts: €536, 07 19.59 I foreiga
foreigh  icems @ 1934600
tstal loaas 35%. %%
tote: funds : kL AT Mo £6.520 1 foreiga

Cashflow from operations

Years H < 16
coeratiag costs: 39a%.15 395,15
seprecraticr 1962.2 19¢2.28
snterest : 1538, 1% 142370
sraducticn costs 817728 7643.53 TAG1. 13
thereof foreigs 32.% 42,31 3 £.52 1
total saies  : 3597.58 7195.06 7195.9%0
gross incose -2737.48 -723.96 -521.36
aet inccez -2737.48 -723.9 -321.5
cash balance ¢ ~1916.24 826.3! 316.6¢
net cashflow -133.18 2914.42 914,42

Net Present Value  at: 1209}
internz] Rate of Return: 4.2}
Feturn on ejuity!: .41
keturn or eguityl: not found

= ~12189.22

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

Index of Schedules prcduced by CONFAR

Total :nitial investaent Cazhficw Tables
Tctal investeent during procuction Projected Balance
Total production costs Net incoae stitesent

Working Capital requiresents Source of finance
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Annex XIII.S.2

SUMMARY SHEET FOR SENSITIVITY ANALYSIS I
{Malaysia)

Lhesge o1 - FEAS - Pagc Tevsise. BRI -----

BORMZC ACID - MALAYSIRX
LeikiSe6. &
SIGEEY SALES MiIlk

3 vearis) of coastrestiom. 15 jears of pradwctiss
TerTERCY comvirsinw rates:
foreize curvescy l it = 1.586% waits acoouatizg carremssy
Tocei  ¢cwrreacy i weit = 1.06%5 waits accousting currescsy
zcoouEting cwrreser: 33 Us¢

Total initial investment <&iris: ciesirecuics pkess

fized assess: N 30.785 & freim
cerTeas assecs: €.85 E.067 & foveise
Toesl  asssts: 32HL.¢d 37083 % fareim

Source of funds duriag coastrestiss phase

sqeity & grases: 18667.352 26.35¢ &% Zoreimn

forsizr lowas 17283.60

fezal  iaars : £434.6¢

tarz:  fgads 3i589.33 35,819 & farzige
Cashflow from operations

118 : : 2

sseranins costs: ...4..3 I 3 33700

deprezizziz: @ 10810 1988.3° 135,17

izzerest : 168¢.0¢ 15T 12%8.04

preduscisa casts 3813.1) 133368

taereci fareign $i.25 % %.57%

total siles ¢ 319758 179433

grass iecom: -2133.01 235,19 $38.145

ast  inzaz2 -2133.73 14,52 3.5

cashk balapee -1064.75 1685.88 11054

pet cashfiow 586.91 3ed1.02 33363

Wet Frosest Talee at: 15,06 % = -118%7.53
Interna! Rate of Recurn: 8.)6 %

Retura o2 emwicyl: L0y

Return 20 equityl: sot foued

Ty

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

Index ot SChedules wﬁuub;ﬁﬁu

Ta72i inicisl irzestseat Casaflos Tadies
Tatai isvestseat during praductian Brajected Batan:s
Tatal producticn costs Net inccae statesen:

Porring Capital reguiresents Sosrce of fisance
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Annex XIII.10.1

SUNNARY SHEET FOR SENSITIVITY ANALYSIS II
(Thailand)

OFE L - FIS

n
1
I
m
*
"
-
L]
"n
e
[3]
E]
.
[&d
re
wid
"
[AT]
[
]

FIRNIC ALIE - THATLANS
5.8.83, &
sexs.é3l. - reduced iavesiees?

3 yesr!s! of constracticn, IS years of graguctios
Curresly Tonversion rates:
foreign curreney ! ocait = 10908 anits azcammting correncs
local  rurreacy ! usit [.0%3 enitz aczauatisg correacy
aceauntizy cerrealy: oG Ss

Total initial investment drsn construction ghase

tized  assete: 2975485 45,834 1 ‘greign
Current 3sseis: &8 3.999 1 fareign
total  aseete: 2979:.455 85.59% I ‘crerms
Source of funds durir; corstrustien shas

euity § graats: 8795, 40 2.00T % faretgr
farzigr joasz @ S

Iszel joame e Mt

tets! funds Kot 13 2TUES T forepe

Cashflow from operations

¥zar: H bt

srerating costes 85T I785. 58

sepreciation AR Y 197015

irterest : 144,99 1345.22

graducticn costs S437.¢! EI5.4°

therect foregs %.271 §1.20 1 p
tote! saizs 31,2 8782.50 822,56
grcse incoas -2459.4¢ -923. 41 -156. 47
ret  Incoze ¢ -2459.4¢ -325. 4} -756.49
cash balance -2023.42 160,65 -95.79
ret cachilonm : -53%.43 1931.9: 181,91

Net Preseat Value  at: 12061 = -11554. 64
fnternal Rate of Return: 2.59 2

Retyrs on 2gsityi: -18.82 1
Petcor o egquityl: nct found

Index of Schedules grodized &y CONAR

Total initial snvesteent Cashiion Tadlies
Totai 1nvestaent during groductica Frojecte? Balance
Total production -2s's Net 1nccee statesent

wrking Capital requireaer’s Sourze of finance
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Annex XIII.10.2

SUMMARY SHEET FOR SENSITIVITY ANALYSIS II

(Malaysia)

reaNil ALIE -

&LATSIR

J3ITIEEE. 38
SENS.MNRD, - REDUCSD IWGESTMENT

Ivearlst o
TUrTESTY CORVRrSICR

i::t'&.“:::; Lul

CoMFRR 2.3 - FERS - Bees Vers:oa, BBCZ

cemsirgction. 1% vears of oroducttise
rates:
tereizn cucrenty ©oosit = 5670 gmitz aceoertiag currenty
toesi corresty !oemit s 10600 soits accoenting correacy
Wl @Al 60 Uss

Total initial investment <during constructicn phise
-
fixed  aseete: 38799.82 57,342 1 foreiga
carrest assets: 6.5 €030 1 foreiga
total  assets: 2%251.92 57843 I foreign

Source cf funds during

> -
constructics phass

gsuity & cracis: 8745, 60 2¢.0% I fore:gn
fereigs lcams 1378E.0

lctai loans 3585.8¢

tota!  funds 28085, 8 $9.6%2 % foreiga

Cashtlow from operations

Ye:im: § s i
coaratin ag [134 1 e i e 3BT
decreciation ¢ 159:.83 $961.83 63.83
intersst : 1320.4¢ $214.68 038,78
aroCuction costs Sigc. 43 8322.5! b44E.38
therecf foreign LI T e 54 % 31.54 %
total salze 3336.6% £8672.57 8672.09
gross incose @ -196€.09 -18¢.8! -9.51
set  inzose -1968.09 -13:.8¢ -3.51
cesh balance -$295.45 1050, 42 §75.8¢
ret cashilow ¢ S.04 2819, 16 261%.3
Net Present Value at: 15,0061 -10859.£8

Internal Rate of Return:
Retura an equityl:
returs on equityls

5.6% 1
-13.88 1
aot found

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

Index of Schedul es produces sy (LA

Total
Tota!
Total
Korking

initral investaeat
iavestoent during producticn
preduztion costs

Capital requiresents

Cachilon Tibles
Frojectes EBalance
Net 1ncose stategent
Scurce of finance
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Annex XIII.11.1

SUMMARY SHEET FOR SENSITIVITY ANALYSIS III
(Thailand)

<
-- (QMFRR .1 - FEAS - Diess Versios. B!3
. FORMIC 8CIE - THAILANED

25.8.8¢8, B

SENS.ARAL. - REDGCED VARIsSit €857¢

3 yearis! of cenctructios, iS vearc of praduction

Eurresty COSvErsiar rates:

toreigr curreacy © umit = 10048 enits accounting cerrency
lezal  currenty § it = 1,080 units azoounting curreacy

accsunting cerreacy: 0 65§

Total initial investment during construction phace
fixad assets: 3223508 £5.558 I foreign
current assets: 0.00 ¢.0%0 1 foreiga
tztal  assets: 32238.39 £5.853 1 foreign

Source of funds durin; coastruztien shase
eguity & grants: gsse. oo 15,995 % foreign

foreign lcans : 13718.39
iszal  loarz 3520.0%
tstal  Sundz s I143E.CC £6.%30 1 foreign
Cashflow from operations
Year: 1 z i
cpetaiing costs: 213,88 TILE I774,58
cerressstics 192,38 3982,28 162,28
interest : tals, 1 1473.72
prﬁ.u--um gosts 55%¢&. 02 7013, 04 £81%. 54
therect foreigs 5.8 % 42,06 7 £5.47 %
tete! sale: ¢ 131,25 8262.50 $262.50
gross iacaee -2854., 45 -1065.97 -B51.57
net  incose -2884, 4% -1065.97 -883.57
cash balance -1974. 4% 544,37 26,02
’ net cashilow -217.38 257243 257240

¢ Net Present Value at: 12,00 7 = ~13676.65
Internal Rate cf Return: 3.6¢
feturn on equityl: 4,371
Retir: on equity2: not found

e

Index of Schedules preoduces by (QNAF

Total in:tial investaent Cashlow Taht
Total investsent during producticn Projected Balan:e
Total productian costs Net incoze statesent

Norking Capital requiresents Jource of finance
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Annex XIII.11.2

SUMMARY SHEET FOR SENSITIVITY ANALYSIS III
(Malaysia) .

..... [0 1Y ;_: - EEAE - QUEZS JBYRYISE n-es

eSevesr mawkh.

MALRTSI 4

SEXS. 3HEL. - BEDUIED VARTASLE I8l

3 gzartst of copstreceien. IS wesre of pradecticz

surrescy coaversiem ratss:
fzreigm cerremcy 1 Wit s 1.283% aaics szoannrisg curreacs
<33 'I'!E“‘ sanits 1.Ge%C srizs s2szuating currensy
scesenties currescs: 3¢ pes

Total initial investment 3eriz; construction phess

fizad  assets: 1252084
suTTsRl 2sssts: oG
szl assets: 5885

Source of funds idcrizg camstrasiizc pies

m

grasts: 1560785 ¢o..30 & forsigm
Taags : 14858
Toars : $5:4.52
tynds : KR TR 25818 § foraisr
Cashflow from operations
: iag casts: :
: 14 HL. :
: st : :
sraducrian costs £394.88 {
taersci fareige 12,93 % L |
Tetel saiss ¢ 333.00 8872.0¢
gress ipzome IHN ] -25%.0: -8f.11
zer  iscose ¢ -2378.48 -i38. 5t -88.11
¢ass pelance -188.40 1234.%¢ 78¢.7¢
ast cashiiow §25.28 3812 J218.1% «
Noo Present Valus  az: 15.00 % = -13189.13 .
I::etna‘ fate of Betura: .07 %
stern on eguityl: RN N |
:uz- en equityd: asc found

Index of Schedules jrsiuced iy 22

Tocal ipivial invastasnt ©chfiee Tables
Toosl invescaent during produsting oo Balanse
Teral pradustion z2scs MeL sn.fE STA%ESENT
Warning Zapital requiresents S.urze of finan:

’
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Annex XIII.12.1

SUMMARY SHEET FOR SENSITIVITY ANALYSIS IV
(Thailand)

il

Reet

QUi H
ZE.!.!i
EEE.Ii7!Sf.’ZEE.YlE..aS /BIGEER SALES 22

'i“' LY

3 szarest of coastractien. 15 wsars of prodecticn
srraney -coversion rates:
Sorsigp surrancy !omelt = .55 anits
iccal  cerreecy §omait = 1.5837 a3its
assasrting curreacs: b {1

FEAS - Tamx versiio.

omepd ol -

zziountieg curretcy

a:::::un; curreacy

fixed  assdis: d3Ed 388 & i:z:z;:
TurTeat ESssels: DR £.862 & Zoreliss
tatzl aseste: 578853 e5.434 & forsisn
Source of funds Zuriz; cazsirooiien ghase

£ graass: €135.00 S0.U82 B fersisc
£ Ioans © 15443.38

i 1oazs ¢ Mie. 0

t farnds 25838.¢8 £7.03% & f2reige

- L
- £33
8t KRN W
i W
& 34 1

praductisn costs 511375 8a84.98 $233.kt
tteresf fereisn t14l e .07 = T
t2ral sales 1867.3¢8 7185.50 7195.6¢
aross incose @ -1873.9% §34.58 15¢.50
re income -1§73.%¢ 35.73 453.¢¢
cash balance -1158.12 1845.38 122480
ner cashflow 4800 131.07 d02.30
hze Present Vilue to 1000 %= -£359.02
Itercal Rate of Return:  7.95 &
Return or egujtyi: -1.62 %
detuen ap euicsl: not found

Index of SChedules sradyced by JONEAR

Tetal inirial frvestent fashiiow Tatles

..tal in7estzent during produssisn trajected Balance

Tatal preduction costs Nes incoge statement
I.rhan Capizal requirements S:urce of finaoce
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(Malaysia)
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SUMMARY SHEET FOR SENSITIVITY ANALYSIS IV
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Annex XIIT.13.1

SENSITIVITY OF IRR FOR SENSITIVITY ANALYSIS IV
(Thailand)

... initial investuent :
12 7

- CI%FRR 2,1 - FEAE - Jeac Versiar,
Sensitivity of IRR ; FORMIC ACID - THAILAND
internal rate of return i  SENS.ANAL.4 '
i
— sales pricels) ...___,--" '
14 ; . . operating cost(s) T ;

\

-28 -18 g 18 28

variation in
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Annex XIII.13.2

SENSITIVITY OF IRR FOR SENTIVITY ANALYSIS IV
(Malaysia)

A 3

-~ ECMFRS 2.1 - TERY - Dess Ver R
Semsitivity of IRR : FORMIC ACID - MALAYSIA
internal rate of return i SENSITIVITY ANALYSIS 4 ;
T

14 -
- |
g g _.-’"’ N !
' 12 5 _ _,-H"! i
i b e —~ :
oot Tt -

P18 | el .
' . __f-/- T —— X ;
B ¢ ~ — sales price(si™~.__ ;
: / .. operating cost(s) Tl
6L P initial investment ToNl
§ o i
R
T |
-28 -18 B 18 28 i
: variation in &

\
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Annex XIII.14.1
DEBT:RATIO CHART OF SENSITIVITY ANALYSIS V

(Thailand)
4
------ --- ----- -- COMPRR 2,% - FERD - Teas Versios
‘
: Bebt Service Ratic, by year . FORMIC ACID - THAILAND
: net cashf low/debt service @  SENS.AMAL.4
1
2.5
z.a, _’_'___,_,_4--‘—‘—’—'-—#_——1",:
-~ t
—~ —— !
-~ !
1.f A e f
| 1.8 5 __ base case E
%8.5‘, _sj '
8.8, !
-+ 12 3 4 §5 6 7 &8 9 18 11 12 13 4 5
b :8art wp year :
r
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Annex XIII.14.2

DEBT:SERVICE RATIO CHART OF SENSITIVITY ANALYSIS V
(Malaysia)
.
— CONFRR 2,0 - FPEAS - Deme Version 3
i Debt Service Ratio, by year | FORMIC ACID - MALAYSIA
net cashf low/debt service | SENSITIVITY ANALYSIS 4
3.8}
2.5; S
/-’__'__._’—‘_‘__‘_—__,d—'—'-._ﬂ- ‘.‘. ;—"!\\v_,_,——‘—'!
/ \\. J';’
[ 2-0» ":: \\"'- ."-/ v
__ base case Ry |
P15 g
9.5
8.8 :
;12 3 4 5 6 7 8 9 18 i1 12 13 M 15
Start up yeatr
‘
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Annex XIII.1S5.1

SUMMARY SHEET FOR SENSITIVITY ANALYSIS V
(Thailand)

--------------------------- - COERR 2.1 - FERS - Paz: Tersles, B2
FIRNTTOQCTE - TERTLAND
s HIE RTIN.
FAMAL + plus 12 gears ta= Boiilsy
3 gear:s! ¢f cepstrzcticn. 135 gsars of prodectic
seTreacy corsersisc rates:
farsizm cerraacs 1 utit = T.EE0T spive gsosemiing crrensy
Tacal torrescy iapit = 1.5¢05 wzits acconstiag survenss
32I0URLIRS SLTIELCT: 463 555

Total initial investment :&iris; ceostrocticn phass

fizzl  essets: 3i%é.es
¢orrent asssts: t.58
Total ossssts: 576885

Source of funds iurisg s:astrosiisc phass

egcits & grazis: £786.40
Zargizn I2aps 13458
%3 inas HH RN
ctal fnds i5080.02 £7.238 & farsigg

Llng lisis:

e 0t tar

sreduovian cusis §1e3.28

sherssi forais i ¥ 2.6 %

voval sgies 7165.0¢

grass incog: 16338 7885

set imege 32358 1.5

sash talasse 1833.08 1301
’ net cashficw 0.9 3364.60
’ Yoo Present Valve et 119t @ s -§201.42

Ircerezi Rate o7 Beturn: 5.3 &

Rerurn o5 equityi: 6.2 %

deturn on equityl: pat faurd

Index of Schedules jroiized oy JINfR?

Tocal dnitial javestsent sashiloe Tatizs
7o7al favestesnt during produstisn srojesnad Balanc:
Total productica cests Ket inzaze statesent

darrins Capital requiresencs Sourze =f Zinance
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Annex XIII.15.2

SUMMARY SHEET FOR SENSITIVITY ANALYSIS V
(Malaysia) .

--- -- - -~ som-ee--- INMERZ DD - PEED - Damzolersrcs,

TTeTS 1St | wrtiver:
TIANIT AT - MELAVITE L}
s : emac
[STR 8-Vt 4
SIWIT 3 plee °3 = s Ballia-
TRt 2 Cis o0 78378 3% LQl:illzm

R aclan  °2 cizps 2% epadeesiea

=2 SATBLIICTRILE. LT FEars O grosuIiicss
JSRTSTEIOE ragss:

cepas ae e 7 Lpmee o T AR~ - . anppee sm
siTale currsaly Iognit s g TIINATIR: STITEACT
Teasl - T . - < . - . -
133 erressy iomit s I.800% alts zooogmting corvem:T
anpeg - Jnn (<
2II2IETing larTEncT: 38 gss

Total initial investment :tris; sazsorosoiss riss:

Srema - - bt ] e -
Z1zel zgs2ls: i8lse i; ¥

N N : os .
SIrTEaT 3esEie: §.%% ¥
=ara3} ez 2262 3° H
TI%3r 3sssts: i82%%.3; &

Source of funds riag zzastrisiise piass

srazis: O i I3 £3044
tasns o e
izang : B E
Sunds 8088 30 $2.I%0 R fovziar

.
“g3: 38
Jeises
Teot i1
0% X1
reen g
cobve”
rare - - oy :-,a -~
$885.04 alei.el EENEN
Fapzips = 2z L
I farsin: 1 .20 st is $..30 8
seos . d .y [ 51 7=
totsl salss €5.% 24,68 ..
N vess s, e rans
sTi8s 12t et ) 123C.1% 1ot
K4 . RET ¥ . ex0e qe tresr 4»
LI £} T i 133,10 N
- - - . - - .'.—- . .,"; "'
2382 talapss AN aier. i S35 80
: - . *
L3 I3 . .n
ner cashflew 28828 233810 333607

- 4518 '

Index of Schedules jpriiussi by [2¥54?

Tooal initial ipvestmans Tashi.ee Tabiss
Total inTestzane during produicise Brofacead 3alsnce
Tatal prodizticn sosts Wt inziaz statssans
Forking fapical raguiresencs Saurze 2f firanzs
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Annex XIII.16.1

SUMMARY SHEET FOR SENSITIVITY ANALYSIS VI
(Thailand)

- Ieps YTzt

-
o
4

- - c—— L L.
[ ot

-
Ty te vy

*3 reme covne
<

PR R

zmcagmbies Covrenty

gerready

L34 = hal -ty g4 44 .
*ized  asEEte: 2ETRRLES 3 forewgr
. . s .
corrent geseice: PR ; 2 FavElgt
. g = - 3
tatal  aseets: 2579 - foreigs

feting gemsTrutiian ot

g77%. SR RT Lfereisn
1S445.07
Xic
R R ISR Joe H o
Cashfiow from operaticns
FERg- : M 0
5oEratlT; I3zt R JEELLT
€

319,67

G355 iRCOBE -1687. 8¢ E05. 24 HH -

net  incoce -1857.15 B A 432,50

cazh talance -1igt, 33 1350.485 11328
I re: zashilon @ 24,0 e 000,50
r Net Present Value a2t 12,00 3% = -I203. 44

Internal Fate of Return: 5.0 17

keturn or eguityl: -1.42 %

return an equitys: nst found

Index of Schedules gresiced by (I8

Tatal anitial investaent

Total ;nvastaent during prodecticn
Total produztion costs %
Nerving Casstal requirenents Ssure






