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SUMMARY 

A well established Cinchona Reforestration Project exists at 
Kaatoan, Lantapan, Bukidnon, Mindanao, Republic of the 
Philippines. 

The principle product of Cinchona is quinine which is not 
only ar • .c:ssential antimalarial drug but aJso widely used as 
a bittering agent in drinks and as a raw material for 
another important drug, quinidine. 

Although it has been determined that a sustained supply of 
some 450 metric tonnes of dry Cinchona bark could be 
provided for processing, the quality of the overall stand is 
too low for economic processing. 

A supply of some 100 metric tonnes of good quality Cinchona 
bark is thought to be available on a sustained basis by 
1990, but this is insufficient volume for economic 
processing. 

By 1993/4 a sustainable quantity of good quality Cinchona 
bark amounting to 160 metric tonnes per annum, should be 
available an~ this would be sufficient to maintain a 
profitable processin':J operation. At this time the "W~alth 
of Kaatoan" could begin t~ be realised. 

It is recommended that only planting of high quality 
cinchona should be m;;tde in the future and subsequently the 
use of meristem tissue culture of plants be considered. An 
analytical survey of quality and quantity of bark should be 
initiated to confirm the potential and to attract investors 
in a processing oper3tion. 
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GLOSSARY AND GENERA!. INFORMATION 

TP.e following are terms a~d abbreviations encountered in 
the field of Cinchona and quinine processing. Some, but 
not all, will be encountered in the text. Formulae, 
molecular weights and conversion factors are also listed. 

TAA 

QA1\ 

c0AA 

cNAA 

QDAA 

QN 

QD 

SQ2 

SQ7 

SQ2 

Formula Mal.Wt • 

= total alkaloid 
anhydrous 

= quinine alkaloid 
anhydrous C20H24N202 324 

= cinchonidine 
alkaloid 
anhydrons C19H22N20 294 

= cinchonidine 
alkaloid 
anhydrous C19H22N20 294 

= quinidine alkaloid 
anydrous C20H24N202 324 

= quinine 
(abbreviation) 

= quinidine 
(abbreviation) 

= quinine sulphate 
dihydrate (C20H24N202)2H2S04.2H20 783 

= quinine sulphate 
heptahydrate 2 (C20H24N202)2H2S04· 7g20 873 

is the nomenclature ~hich represents quinine sulphate 
dihydrate (alternative QNso4 ) the form in which 
quinine appears in current pharmacopoeias and in which 
it is sold. It is also used to describe or define the 
content of quinine in bark. 

is the form previously used to describe the content ir. 
bark and also the form in which quinine su.Lo:.i1ate was 
formerly sold. It is rarely used today, although the 
Indonesians do still use it to describe Lark content 
as may some older traders. 

Quinine ~nd quinidine are optical isomers as also are 
cinchonine and cinchonidine. 
Quinine and cinchonidine have similar optical orientation. 
Quinidine and cinchonine have similar optical orientation. 

Conversion factor~ 

SQ7 = 1.1151 x SQ. 
SQ2 ~ 1.2067 x QAX 
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Marketed forms of quinine 

Common 
abbreviation 

Quinine alkaloid 
Quinine sulphate 
Quinine bisulphate 
Quinine hydrochloride 
Quinine dihydrochloride 
Quinine ethylcarbonate 

N 
- ~so 
- ~BS~4 
~HCl. 

- Q DHCl. 
- QEC 

Formula 

* These products not listed in current Pharmacopoeias, but 
were in former NF (National Formulary, USA). 
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1. 

1.1 

EXECUTXVE SUIOIARY 

Project 

This pre-feasibility study was initiated by the Department 
of Health, Government of the Philippines as a result of 
recommendations made in the report of the "Develop~ent Study 
of the Philippine Pharmaceutical Industry" carried out in 
1988 by UNIDO experts, and funded by UNDP und~r 
DP/PHl/87/019. 

This study has been funded under the umbrella of the same 
project, whEtre funds of up to US $50,000 were available. 

1.2 Project orientation 

The project is raw material orientated, there having been in 
existence since 1929 an experimental forestry project 
entitled "Cinchona Reforestation Project of the 
Philippines". 

The health aspect was also a factor of 
quinine isolated from Cinchona bark is 
anti-malarial drug and malaria is 
Philippines. 

~.2.1 Market orientation 

consideration as 
a most important 
endemic in the 

The project, in spite of a need for quinine as an anti­
malarial, can only be considered as export orientated. 

The consumption of quinine in the Philippines is almost 
entirely as an anti-malarial, but the quantity scheduled for 
current use is only in the order of 300kgs per annum. Even 
if more extensively used, iemand would be unlikely to exceed 
750kgs per annum, and this would not be sufficient to 
support a viable project, nor would there by any significant 
saving of foreign exchange. Demand is controlled by 
physicians as quinine is only administered under hospital 
conditions, on account of possible side affects, and should 
only be used for severe attacks. 

Whereas the world market for quinine as an anti-malarial is 
only in the order of lOMT and for all medicinal uses less 
than 50MT, large markets exist for use in tonic and soft 
drinks (200MT or 40% market) and as a raw material for 
production of quinidine, a heart drug (250MT or 50% market). 

1.2.2_ Project background 

Establishment of growth of Cinchona in the Philippines was 
achieved in 1929 with an official Government Policy to set 
up an on-going project. This was initially envisaged to 
provide quinine as an anti-malarial drug to combat the 
seriousness of this e~demic disease prevalent in the 
Philippines. 
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In fact, since its inception only during the Second World 
War was this benefit realised. At that time lives of many 
Filipino guerrillas and American forces were preserved by 
utilising the Cinchona from Kaatoan. Otherwise only 
infrequent harvestings in 1951 (71MT), 1956 (173MT), 1966/67 
(781MTi and 1971/72(40MT) were recorded. These harvestings 
were presumably sold in the world market to quinine 
producers, but no clear r~cords of sales were generally 
available. 

The information which is most lacking is the level of 
quinine contents in the barks, and this is the most 
impor~ant feature. Only one reliable set of analyses for 
Cinchona ledgeriana could be located for the 1971 harvest. 
At that time the average quality of this specie at 7.34\ SQ2 
was quite acceptable. 

What is needed is regular annual harvesting and preferably 
processing in the Philippines, provided the quality, 
quantity and continuity of supply can warrant it. This must 
also be supported by a continuous planting programme to 
maintain supplies and quality. 

Such a production could be a first most important step in 
the initiation of a truly basic p~armaceutical chemical 
industry in the Philippines. 

In view of the experience of the Reforestration project team 
in rearing Cinchona, and that one of the most important 
factors in persuading investors to set up a Cinchona 
processing factory would be the reliability and security of 
supply of raw material, it would appear most attractive to 
consider an integr3ted unit for .both processing and gr-~ing 
Cinchona. Such an integrated unit also benefits from some 
ecor0mic advantages, such as being able to hold lower 
Cir ;hona bark stocks (the best storage is on the living tree 
until such time as needed for processing, for although in a 
mature tree the level of quinine content may have reached a 
maximum, the weight growth increases). Also pre-analysis of 
bark prior to extraction may be eliminated. 

It is not considered particularly desirable to hand over the 
growing of Cinchona to p~ivate planters, because of lack of 
experience, if improved and sustained high quality 
plantations are to be established. 

One aspect which must be considered is prov1s1on of better 
access to the forest areas. Proposals for this have already 
been submitted by DENR. 

1.3 Market and plant capacity 

Capacity has to be determined, certainly for the first 
seven/eight years by the level of sustainable availability 
of the Cinchona bark raw material. This has been determined 
from facts available by computer analysis at between 450-
540MT per annum after a first year crop of 300MT. This 
initial lower level is acceptable as the first year 
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production level is set low to allow for training and 
gaining experience. 

Throughput of Cinchona bark is the base-line to determine 
production capacity, but is only one aspect of production. 
The quality of the Cinchona bark governs the output of 
quinine salts. 

The total current market for quinine is in the order of 
SOOMT per annum with a possible average growth rate of 2-3\ 
per annum due to the increasing markets for soft drinks and 
raw material for quinidine production. 

The sales level to be realised from a throughput of 450-
540MT Cinchona bark per annum would have to be a minimum of 
19-23MT per annum (corresponding to 5% SQ2 content) for 
below this level profitability would be very low. 

This sales level represents about 3.8-4.6% of the world 
market, and is a level at which sales could be readily 
achieved without any serious resistance from existing 
competitors. The major market (60%) is in the USA, Europe 
(23%) and the Rest of the World (17%). The largest markets 
for quinine as an anti-malarial exist in Vietnam, Laos and 
Africa. 

The price of quinine throughout the years has tended to 
follow cyclical patterns and has reached very high levels in 
the past (mid 1960's and mid 1970's) due to a combination of 
increased demand and shortage of raw material. The price 
currently stands in the range US $70-$80 per kilogram and is 
in a mild trough situation. No severe price changes, as in 
the past, are anticipated bqt a gentle increase is possible 
to a high of US$90-$100 per kilo)ram during the next 10 
years. For evaluation purposes, a constant US $70 per 
kilogram has been useG. 

Based on availability a production programme has been 
proposed:-

Year 1: 

Years 2 to 5: 

300MT based partly on availability but also 
to facilitate commissioning, training and 
familiarisation with production and shift 
working. 

450MT determined 
Cinchona bark. 

by availability of 

Years 6 onwards: 540MT, the higher level being possible by 
the build up of stock of branch bark. This 
level will be subject to acceptance of 3-
shift working which is necessary above a 
level of 480MT per annum. 

During the processing programme it is also necessary to 
carry out planting programmes and in order to produce a high 
quality stand in a reasonable time, it is suggested that 
meristem tissue culture should be employed. This technique 
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would develop high quality trees and these would both 
increase output without any increase in plant capacity and 
also significantly increase profitability. 

It is proposed that the domestic conversion of quinine to 
quinidine should not be considered until any quinine 
production was well established and that such production 
might in any case be appropriate for a multi-purpose 
chemical plant. 

1.4 Material and inputs 

Apart from the main raw material, Cinchona bark, all other 
chemicals used are currently available in the Philippines, 
although most are imported. Exceptions are sulphuric acid 
and lime where locally produced materials should be 
acceptable. 

Although there is some local manufacture of hydrochloric 
acid, the quality at present could not be acceptable. 

It has been suggested that the use of bunker fuel for firing 
the steam generator might be economically replaced by wood 
fuel which is a by-product of the Cinchona tree. 

Spent mare (extracted wood) could also possibly be 
considered as fuel and would regenerate lime which could 
probably replace fresh lime. These two considerations need 
checking practically and have not been used in financial 
analyses. Alternatively, the waste mare can be used for 
land in-filling and can be useful for breaking down clay 
soils. 

The main by-product from the isolation of pure quinine salts 
could be a cheap source of Cinchona alkaloids, which might 
be acceptable as a cheap and effective anti-malarial. 

1.4.1 Material inputs 

Most supplies, with the exception of lime, 
shipped to Cagayan de Oro City, Mindanao, 
by local transport to the processing plant. 

will need to be 
and be delivered 

Material inputs are based on throughput of Cinchona bark and 
also the quality of Cinchona bark. Assuming a 5% SQ2 
content, the following main inputs would apply based on 
lOOOkgs Cinchona bark. 

Toluene 
Lime 
Sodium hydroxide 
Sulphuric acid tech 
Sulphuric acid pure 
Ammonia 
Hydrochloric acid 
Carbon 
Dicalite 
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45 LTS 
300 KGS 

87.50 KGS 
30.00 LTS 

3.75 LTS 
9.15 LTS 
9.10 LTS 
9.25 KGS 
6.50 KGS 
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1.4.2 Utilities requirements are not high and will be 
at the selected site (although the site might not 
be serviced). 

available 
actually 

At the highest proposed throughput (540MT p.a.) the 
following installations and consumptions will apply. 

Electricity: single and 3 phase supplies. 
Installed capacity l00-125A"VA 
Annual consumption 53,040KWH 

Fuel: Bunker fuel 162,000LTS 
(for 2500KG/HR boiler; 120 psi) 

Gas: Calor gas for laboratory as required 

Water: Usag~ (cooling) 
(process) 

Actual Consumption 

1.5 Location and site 

32,400 m3 

1,862 m3 

5,102 m3 

The site should be relatively close to the plantation area 
to minimise transport costs, but must also be served by a 
satisfactory infrastructure including labour availability 
and service provisions. It has been proposed that a site at 
Malaybalay, the Provincial Capital, which is some 37Km from 
the Kaatoan plantation would be most suitable. A precise 
site was not selected but as an area of only one hectare is 
required several would be available. 

1.6 Project Engineering 

1.6.1 The factory unit would comprise three buildings 

(1) a raw material store 
(2) the processing area and integral utilities 
(3) offices and laboratories for chemical analysis and 

tissue culture work. 

The total covered ar~a totals 980m2 , the processing area 
comprising some 576m • The buildings should be free 
standing and plant supported on its own structures. The 
g=inding and extraction sections would have three floors, 
the remainder single storey. The only special requirements 
are a small flameproof area for the extraction section where 
inflammable solvent is used, and drainage for the other wet 
processing areas. Chemical resistant floors are needed in 
the wet process areas. 

Site works would include servicing with electricity and 
water, drainage, effluent tank and hard standing for a 
cooling tower and storage. An underground tank should be 
sunk for storage of inflammable solvent. The one hectare 
site would be served with internal service roads and fenced. 
A nu~sery area for growing Cinchona plants would occupy some 
768m of the site. 
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1.6.2 Technology 

Processes selected are ones which have been well tried and 
proven comprising:-

1. Pre-treatment of dried bark by ailling to close limits, 
alkalising and screw conveying to extractors. 

2. Extraction by hot solvent in Soxhlet type batch 
extractor, capacity 6SOMT p.a. 

3. Alkaloid isolation by acid extraction batchwise. 
4. Primary separation by pH adjustment, detaiied procedures 

sometimes variable with bark quality. 
5. Salts formation for sulphate and hydrochloride has been 

proposed from 95-98\ pure quinine bisulphate. The 
proportions of salts can be altered widely. 

6. Air drying and sifting for ~3ckaging in bulk. 

Technology is 
particularly 
developments 
available. 

available, bu~ from very limited sources, 
with comnerci~l experience. Leads to 

for possible economic improvements are also 

1.6.3 Equipment list 

Some non-pressure tanks, vessels and cyclones could be 
fabricated in the Philippines, but •ost major items would 
need to be imported. 

For main equipment items foreign costs are 
about 92% and local 8%. For installation 
services, the foreign element is estimated 
local 38.3%. For installed plant: foreign 
22.3%. 

estimated at 
of plant and 
at 61. 7\ and 
77.7\, local 

Principal items 

Mill and feed 
Mixer and conveyor 
Extractor 
Condensers 
Contractor 
Agitated tanks and pumps 
Storage tanks and pumps 
Conveyors and trucks 
Reactors, agitated 
Pans, agitated 
Filters, vacuum 
Filter presses 
Crystallisation bowls 
Air driers 
Sieve 
Boiler, steam 
Cooling tower 
Chilled water unit 
Electrical panel 
Spares (2 years) 
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500kgs/hr 
4cu.m and 7,500kgs/hr 
Jcu.m 

3cu.m 
1-2cu.m 
l-5cu.m 
7,500kgs/hr 
various 
various 

2,500kgs/hr 

5 Tonnes 
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1.6.4 Civil Engineering 

When specific sites are considered, it will be necessary to 
survey the ground to determine what foundations are needed 
or if a raft structure is more appropriate. Consideration 
aust be given to access and availability of tying into local 
services of electricity, water, telecoamunications and 
drainage/sewerage as appropriate. A level terrain should be 
selected and will be serviced with roads. No special 
building requireaents are needed, free standing structures 
with light roofing being satisfactory. Consideration has to 
be taken of the special f laaeproof area and its adequate 
isolation fro• adjoining areas. Floor specifications need 
close attention froa points of view of cheaical resistance 
and drainage in wet processing areas and loading for any 
heavy equipaent. Reinforced concrete and steel are ~uitable 
construction materials. Special attention should be given 
to provision of well proportioned entry points (for easy 
equipment entry). 

Some co-ordination of equipment installation and civil 
works, particularly in the extraction and mixing section, 
may be necessary where it may be most satisfactory to 
install large units through the roof. 

B¥ilding costs have been based at ~his stage on appropriate 
m rates for the types of units. 

Site development 1 hectare 

Buildings: 

A. Production/processing are~ 576m2 comprising: 
1. Grinding and mixing 36m2 3 floors Height 13m 
2. Flameproof/extraction 60m2 3 floors Height lOm 
3. Other processing and 

utility rooms 480m2 1 floor Height 4.5m 
B. Off ice and laboratory 360m2 1 floor Height 3m 
c. Bark and raw material 

10Bm2 store 1 floor Height 4m 

1.7 Plant Organisation and Overhead Costs 

Cost centres are proposed for: 

1. Planting programme expenses (as site development; 
comprising raw materials (chemicals), utility costs 
(electricity and heating), disposables and labour (with 
surcharges), including laboratory (tissue culture). 

2. Factory or production expenses comprising, for the 
integrated unit, raw material harvesting costs, chemical 
additives and solvents, labour (with surcharges) and works 
overhead expenses. The overhead costs cover such items as 
supervision, maintenance labour and materials, fuel oil (or 
a!ternative) utilities costs, laboratory salaries and 
expenses (chemical) and general manufacturing expenses 
(which for this operation include costs relating to sales 
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and distribution in form of packaging, transport and 
insurance). Plant depreciation is also included. 

3. Administraticn overheads which are deemed to cover any 
directors/general manager and off ice salaries, building 
aaintenance and depreciation, rates, insurance, vehicle 
expenses, post, telephone, stationery, audit, financial 
charges and legal and professional fees. 

4. Marketing expenses are covered in the form of co111JRission 
on sales. 

Such a !>asic structure should be satisfactory for this 
relatively simple organisation. 

1.8 Manpower 

For the processing factory manpower requirements are 
summarised below. 

Labour - comprising unskilled labourers, skilled operators, 
mechanics and maintenance workers, driver and security 
guards will total from 20-24. Including tissue culture, the 
numbers at the factory would rise to 28-32 on engagement of 
planters. The plantation labour force should remain as at 
present but additional casual labour for harvesting, 
concentrated over a 3 month period will be additional. 

Labour will be engaged locally. 

Staff - comprising technical, management and office staff. 

Senior staff should be technicallY.orientated in disciplines 
of chemistry, engineering or chemical engineering. 

Technical staff will be required for analysis and assisting 
in process control and for tissue culture work. 

Off ice staff wil. comprise secretarial, clerking and 
warehouse. 

All staff should be engagable locally in Malaybalay, or 
perhaps Cagayan de Oro City for the more technically 
qualified. Total staff will number 8 for processing and 11 
including tissue culture. 

Training 

Most training will be done "on-site", both "off-the-job" and 
"on-the-job". 

Most initial training will be done by foreign expatriate 
experts, but later Filipino managerial and technical staff 
will also '.· 1·mtribute. 

Certain ~enior personnel will be employed during the pre­
produr ion periods. Training will probably all be executed 
withi~ the Philippines. 
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There is little likelihood of the availability of 
7ob" training at any operating extraction and 
i:Jlants overseas. 

Foreign expatriate 

"on-the­
ref inery 

Foreign 
erection 
price. 

expatriate assistance during construction and 
will be required and is included in the contract 

Additionally foreign expatriate presence for training and 
commissioning assistance is also included. 

Costs 

Labour and salary expenses will be allocated to appropriate 
costs centres. 

The totals estimated (including surcharges) are: 

Production labour (direct) 
Works overheads (labour) 
Administration (labour) 

P456,89lp.a. 
P643,223p.a. 
P210,18C'p.a. 

Pre-production labour expenses comprise P135,067 for local 
labour and US $19,00~ (including expenses) for foreign 
training expatriate. 

Salary levels have taken into account the recent (July 1989) 
wage increases. 

1.9 Implementation scheduling 

Implementation periods are given relative to the 
award of contract. 
Buildings erected, site works complete 
Plant erected and installation complete 
Commissioning and test runs 
Complete handover 
Main training to commence at 

1.10 Financial and economic evaluation 

time of 

11 months 
17 months 
18 months 
20 months 
13 months 

Four scenarios were examined in the financial and economic 
analyses, the scenarios differing in terms of the quality of 
the bark, the mode of operation (integrated vs processing 
alone) and the scale of operation. The UNIDO Computer Model 
for Feasibility Analysis and Reports (COMFAR) has been used 
to conduct the cash flow analyses. 

The first scenario was base1 on the first set of bark 
analyses performed on the small sample of harvested barks 
and averaging only 3% SQ2 . Annual throughputs varied from 
300MT (year 1), 450MT (years 2-5) and the including branch 
bark 540MT for the remaining years. An integrated operation 
was considered and the establishment of a high quality 
Cinchona stand for the future included. 
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Partial ~nef it would be realised by year 8 when the average 
bark content would have increased to 6.5\ SQ2 but full 
benefit would not be realised until year 16 which is outside 
of the analysis. An input of 9\ SQ2 would be expected at 
this time. 

The second scenario 
initial content of 
assumed pending the 
mature living trees. 

is similar to the first except that 
5\ SQ2 is assumed. This level 
second analysis being performed 

an 
was 
of 

The third and fourth scenarios examined the cases where a 
processing unit operates independently of the plantation and 
Cinchona bark raw material is purchased at proposed world 
market prices. As a 3% SQ2 content could not be profitable 
a constant 5\ SQ2 content without improvement was 
considered. 

In the third scenario, after an initial annual input of 
300MT, a throughput of 450MT was assumed throughout the life 
of the analysis. 

In the fourth 
increased after 
branch bark. 

scenario the throughput was assumed to 
year 5 to 540MT corresponding to use 

be 
of 

Inputs applied correspond to: 

Total investment costs 

La!'ld 
Site prep & development 
Structure & civil engineering 

Foreign 
us $ 

Auxiliary and services 668,800 
Incorporated fixed assets 109,500 
Technology, plant, 

machinery, equipment 
installed 1,021,694 

Pre-production capital 
costs 40.8u0 

Total initial investment 
costs 

current investment 

Working capital (year 1) 
Site development (forestry) 

Total investment costs 

Project financing <assumed) 

1,840,794 

20,752 
171.319 

2,032,865 

Local 
US$ 

25,300 
50,690 

203,170 
374,000 

154,995 

25.296 

833,451 

62,765 
73.423 

9,570,263 

Total 
US$ 

25,300 
50,690 

203,170 
1,042,800 

109,500 

1,176,689 

66.096 

2,674,245 

83,517 
244.742 

3,002,504 

No detailed financing package has been proposed and it has 
been assumed that funds will be supplied in the form of 
ordinary equity and bank overdraft for working capital. 
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Total production costs (at 450MT annual capacity) 

3%SQ~ 
us 5%SQ~ 

us 
Factory costs 284,726 321,487 
Administration overheads 88,000 88,000 
Sales and distribution 26.000 12.000 
Operating costs 398,726 481,487 
+ Depreciation 295.668 295.668 
Total 694,394 777,155 

Foreign 43.638% 46,217% 

Labour (total) 61,000 61,000 

output SQ2 6,980kgs 19,125kgs 

1.10.1 Recent assessment 

Evaluations, although not in depth, have been made on the 
basis of using only C. ledgeriana bark of good quality. 

These investig~~ions indicated that a level of 
tonnes of bark at 6.8% SQ2 are needed to 
potentially interesting project. 

160 metric 
provide a 

Although th~s is not currently available consistent supply 
at this level could be available from 1993/4 upwards. 
Processing at this level, assuming current costs, could 
provide a rate of return on equity of 15%, and 13.2% on 
investment for an integrated µnit, and rising fairly rapidly 
with any increase in throughput or quality. A rate of 
return with SER adjustment has not been determined, but 
would inevitably be at a high level due to the export 
orientation. Such a project is quite small needing an 
investment in the order of us $2m, of which 30% would be 
local. net annual foreign exchange benefit would aMount to 
us $647,000-672,000 with annual local purchases of P300,000. 
Direct labour utilisation would only start at 24, but some 
increased numbers would be possibly needed at the plantation 
and regular seasonal work would be created for some 100/120 
local workers. 

1.11 CONCLUSIONS 

1.11.1 Initial evaluations indicate the need for a minimal 
supply of 450 metric tonnes of Cinchona bark per annum of 5% 
SQ content processed in an integrated unit before any 
potentially interesting proposition can be put forward. 

Although the quantity is available it is of lower quality 
than necessary. 
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1.11.2 Consideration of a small operation suggests that 160 
metric tonnes of bark per annum, h3vjng a 6.8\ SQ2 content, 
i~ necessary as a minim~m for further consideration. This 
quantity is not realisable by 1990. 

1.11. 3 D~laying any harv•asting and processing '1ntil at least 
1993/4 could result in the provision of a sustained supply 
of 160 metric tonnes bark per annum at 6.8\ SQi c. 
Ledgeriana bark. It is possible some small additional 
quantity of other acceptable bark from some other species 
might also be located to further improve the situation. A 
possibility of implementation could then be seen. Such 
timing also allows for zystematic assessment and 
development. 

1.12 RECOMMENDATIONS 

1. Planting of all Cinchona species other than C. Ledgeriana 
could be stopped immediately. 

2. 

Maximum seed collection and propagation from c. 
should be aimed at to plant out, if possible 
1990, an area of 240 hectares at 2m x 2m spacing. 

ledgeriana 
commencing 

Planting should preferably be made at an elevation of 1500m 
probably in the proposed new planting area. 

It is necessary to perform a reasonably extensive analysis 
of the stands to support the validity of the potential 
supply and quality of Cinchona bark. The main concentration 
should be on c. Ledgeriana but a more limited analysis of 
other species, with the exception of C. Succirubra and C. 
~alisaya, being included. 

3. Chemical analysis for this purpose should be carried out by 
the fluorimetric method. This could either be organised by 
employing the services of PIPAC whose charges for 400 
samples would probabiy amount to abcut US $3000. The only 
advantage of this is that this facility is already 
available. The alternative would be to consider setting up 
a laboratory, preferably in Bukidnon and prob3bly in 
Malaybalay. 

4. During the screening study the c. Ledgeriana trees should 
also have their growth characteristics recorded in order to 
isolate poter.tial source materials fo~ tissue culture work. 
The sampling ~nd recording should be organised by DENR 
personnel after ~ppropriate training. 

5. Work should be coffimenced on learning the techniques of 
meristem tissue culture for propagation of Cinchona. 

Although some initial work 
laboratories it would be 
Malaybalay and preferably 
analysis unit. 
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6. Agencies should be approached for funding of this project 
which can be considered of definiLe development orientation 
and in view of the fact that chemical analysi~ is an 
integral part, funding of this should be included. Trai~ing 
assistance funding could also be sought. 

7. Agronomic research under the Cinchona Reforestration Project 
should also be pursued with ~articular reference to effects 
of fertilisers and minerals with assessment of achievements 
including chemical analysis. 

8. With the support of a satisfactory assessment of the 
potential quantity and quality of Cinchona at Kaatoan facts 
can be presenteG to potential investors. This might be cone 
even at this stag~ with the hope that the investor might be 
sufficiently interested in fund~ng the necessary preliminary 
evaluation. 

Technical assistance 

Assistance could be supplied in all aspects from technical 
assistance in drawing up work programmes, equipping, 
analytical methods, training assistance, analysis of 
results, technology transfer, project engineering or turnkey 
operation. 
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2. Proiect Bac~qround and History 

2.1 Project Sponsors 

This pre-feasibility study is being financed by the United 
Nations Development Programme (UNDP) under funding from 
project DP/PHI/87/019 Philippine Pharmaceutical 
Develop~ent Study 

2.2 Project History 

This report entitled a "Pre-feasibility study on the 
Utilisation of Cinchona" has oriqinated from the Philippine 
Government Health Policy and the request from the Government 
of the Philippi~es for a UNIDO study entitled "Philippine 
Pharmacutical Development Study". 

As a result, an extensive technical assistance study was 
carried out by the United Nations Industrial Development 
Organisation (UNI DO) employing International Experts 
together with National Experts. The study was carried out 
during 1988 being funded by UNDP as project DP/PHI/87/019. 

As a result of proposals in the report and 
propounded at a Validation meeting of 
Internatlcnal Experts held at UNIDO Headquarters 
Austria on 27-28 October 1988 the recommendation 
feasibility on the utilisation of Cinchona was 

especially 
independent 
in Vienna, 

for a pre­
endorsed. 

A project document was subsequently prepared and submitted 
for UNIDF financing and funding was allocated up to 
US$50,000 under DP/PHI/87/019. 

2.3 Costs of Previous Studies 

Costs of previous studies and investigations already 
performed cannot be identified, comprising only a very small 
element of the original project. 

2.4 Other Investment 

The principle investments which have, in fact, already been 
made with relationship to this Cinchona project are those 
invested in the Philippine Cinchona Reforestation Project 
initiated in 1929 and now under the management of the Forest 
Management Bureau of the Department of Environment and 
National Resources. 

The total investment and returns could not be evaluated over 
the long period of the project. 

2.5 The Proje~J; 

The ultimate object of the study is to evaluate the 
feasibility and economics of installation of a ~r~cessing 
plant in the Philippines for the isolation of quinine and 
o~her Cinchona alkaloids from the bark of the Cinchona tree. 

14 
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Such an ultimate production has to be divided into several 
parts. 

The first step consists of the plantation work, divided into 
nursery production of young plants followed by the field 
work in which the young plants are grown to harvesting 
maturity. This is then followed by harvesting which can be 
performed after 7 years growth although an older age may be 
more economical overall. Harvesting consists of cutting the 
tree, stripping off bark and drying it. The future supply of 
trees may be satisfied partly by coppicing cut trees (i.e. 
allowing to throw out shoots) and partly by fresh plantings 
of seedlings. 

The plantation side may be either a separate or integral 
part of the whole Cinchona processing concept. What needs to 
be considered is the level of availability of supply of 
Cinchona and continuity of supply as these govern the size 
of chemical production plant which can be sustained. 
Appropriate planting programmes have to be specified for the 
future continuity or increase of production. 

The second 
processing 
location. 
plantation 

step is the actual specifying of the chemical 
or extraction and refining plant and its 

This is unlikely to be situated in the actual 
area but closest proximity is desirable. 

Finally, the financial and economic aspects of production 
have to be considered. Apart from considerations of 
infrastructure, labour, prices and availability of 
chemicals, the most critical aspect is the quality of the 
feed stock Cinchona bark an~ especially its level of quinine 
content. 

The throughput of the production unit is determined by the 
volume of Cinchona bark available, whereas the profitability 
and output of quinine salts is governed by the quality of 
the bark. 

2.5.1 Cinchona - Historical 

The Cinchona tree is indigenous to certain areas of South 
America, especially the Andes and the surrounding countries 
of Columbia, Equador, Peru and Bolivia. It grows usually at 
altitudes of about 1200 meters to 2150 meters above sea 
level. The nctural distribution of the major species, out of 
about 40, is recorded as 

Bolivia - c. Calisaya 
- c. Ledgeriana 

Columbia- c. Lancifolia 
Equador - C. Off icinalis 
Peru - C. Off icinalis 

- C. Succirubra 
- c. Micrantha 
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Various Hybrids have subsequently been developed especially 
from c. Off icinalis or c. succirubra with c. Calisaya or c. 
Ledgeriana. one such is the hybrid c. Robust~ Howard ( a 
hybrid of c. Off icinalis with c. Succirubra) which having a 
higher cinchonidine content than quinine was first mentioned 
in a Pharmacopoeia as a suitable source of Totaquina. 

The Cinchona tree was later artificially introduced into 
many co~ntries, essentially subtropical. The main supplies 
were established by the Dutch in Java and they were 
fortunate in processing seeds from Bolivia which produced 
trees with relatively high quinine contents. In the second 
half of the nineteenth century others were established in 
India and Ceylon from which India emerged as a producer. In 
the late 1~20's experimental plantations were established in 
the Philippines, the Belgian Congo, Soviet Russia and 
Tanganika (Tanzania), while in the 1930's cultivation was 
established in Guatemala. By the beginning of the second 
World War well over 90% of the worlds supply came from 
Indonesia and the disadvantage in war periods of relying on 
a single ~ource of supply for an essential commodity became 
evident when Java was invaded by the Japanese in 1942. At 
this time Indian output reached its peak. 

Activity in the 1940's was intensified in Central and South 
America and pioneering plantations were set up in Costa Rica 
by Merck & Co. who had established the Guatemalan 
plantations. 

During the Japanese occupation of Indonesia lacge scale 
felling of the Cinchona plantations took place without any 
replanting and the decline continued further into the 1950's 
particularly after the expropriation of the Dutch owned 
plantation. Zaire then emerged as an important supplier of 
bark with smaller contributions from Guatemala and some 
other south America Countries. 

In the early 1960's a sudden resurgence in the use of 
quinine as an antimalarial by the us Army in Vietnam 
encouraged the setting up of plantations in Kenya and 
extension of activities in Tanzania. Currently the 
Indonesians have re-established the supplies in their 
plantations and are again becoming forerunners in the supply 
of Cinchona alkaloids. 

2.5.1.1 Cinchona Production in the Philippines 

The earliest attempted introduction of Cinchona into the 
Philippines was made in 1893 by the Spaniards on Mt. 
Banahaw, Quezon and Munay, Antipolo, Rizal but no indication 
of success was recorded. 
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The Bureau of Forestry plantings in 1912 
Province and Los Banos, Laguna also failed 
made with seeds of Cinchona Ledgeriana 
missionary institution "Igorot Exchange" 
Province. 

in Baguio, Mt. 
as did plantings 
obtained by a 

at Sagada, Mt. 

From 1922 Arthur F. Fischer, Director of Forestry determined 
to establish Cinchona plantations in the Philippines and 
initiated several trials in lower regions of Bukidnon. More 
serious cultivation started after the Philippine Legislature 
passed ~ Reforestation Act (Act No. 3283) in 1926 which was 
approved by the President of USA on Feb. 10, 1927. Sites 
selected earlier in Bukidnon did not thrive and others were 
planted at Lantapan, Alanib, Mirayon and Kaatoan using seeds 
of .c. Ledgeriana, c. Succirubra and c. Sp. Hybrid obtained 
from Java. Of all the sites only Kaatoan ultimately produced 
good results. 

The Cinchona Reforestation project was established in 1929, 
administered at that time by the now defunct Bureau of 
Forestry, and is located on the Southern slopes of the 
highest landmark in Central Mindanao, Mt Kitanglad. It is 
situated in a rugged mountainous barrio of Kaatoan, 
Municipality of Lantapan, Bukidnon at an altitude of from 
1000 meters to 1500 meters and currently covering some 1994 
hectares. 

In April 1942, after the fall of Bataan to the Japanese, 
Colo~el F. Fischer left Bukidnon for Australia taking 10 
liters of seeds from promising trees. These subsequently 
produced some 2.5 million seedlings when planted in the 
American Cinchona Plantation in Costa Rica where Fischer had 
become an executive Officer. It has been claimed that trees 
having a total alkaloid content of 18% have been observed 
indicating the potential of seeds from Bukidnon at the time. 

Records have been located for continued planting programmes 
from 1969 through to 1988 although the areas prior to 1981 
are not defined. 

Several harvestings have sporadically been made since 
inception of the plantation. The first recorded prior to 
1941 comprised some 23,000 kgs bark originating from early 
Kaatoan plantings and also from plantings in the areas of 
Impalutar. Various harvestings were collected between 1941 
and June 1945 amounting to a total of 54,880 kgs. Almost all 
of this material derived from salvage of trees rogued out 
due to disease or signs of serious physical injury. Of this 
54,880 kgs some 36,522 kgs were taken by the USAFIP between 
1942 and 1944 and 15,000 kgs of this shipped to Australia by 
submarine. The remainder was distribu~ed to guerilla forces 
in Mindanao and some parts of Visayas and Luzon. Other 
quantities were taken in 1942 by USAFFE, in 1943 by the 
provincial Government of Free Bukidnon, in 1945 by a 
Commander Parsons and the balance during the occupation by 
the Japanese. 
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Up to this time no regular harvesting has been done on 
selected and well matured trees. 

Records have been located of shipments of 71,707 Kgs from 
1951 harvesting and further 173.711 Kgs from 1956 
harvesting. 

The next harvest, carried out in 1966/67 was substantial 
amounting to 781,000 Kgs of which 725,000 Kgs was reputed to 
be shipped to Europe. The fate of the 56,000 Kgs balance was 
not clear. 

In 1971 a further 40,000 kgs was sold for shipment to the 
UK. This was the only material for which a chemical analysis 
could be located. 

currently a small stock of dried Cinchona bark is held in 
the store at a Kaatoan having been collected from a few 
diseased trees. Samples have been taken for analysis. 

The Cinchona Reforestation Programme is now administered by 
the Department of and Environment and National Resources 
(DENR) and regular plantings are being maintained. 

2.5.1.2 current Situation and Impressions 

The plantation area at Kaatoan was visited for a period of 
four days on three of which extensive treks were made 
through the plantation areas. A comprehensive and good 
impression of the different areas, plantation locations and 
ages of trees were observed as well as the nursery bed 
management. 

In general the Cinchona is grown under a canopy of Albizia 
Falcataria of varying densitie~. 

The Cinchona, as could be expected undP,r sucla conditions, 
was found to be variable but very many trees of excellent 
growth were observed both in terms of girth and height. 
Areas where variation of growth could be observed would, in 
part, be due to replanting programmes and also to varying 
degrees of cover. The lower level plantation areas at about 
1000 meters are at the minimum height above sea level 
suitable for growing Cinchona. Good growth and fertility (as 
observed by the existence of an abundance of self seeded 
plants) could be observed in the areas sited at 1500 meters. 
This could be of great significance for the future as it is 
proposed to extend the planting area by some 8,600 hectares 
which are all essentially sited at 1500 meters in the same 
vicinity of the particularly fertile area. 

The general plantation management was observed to 
professional with planted areas clearly defined. 
the management of the seed beds was impressive. 
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There was evidence of cross breeding of some species which 
can be expected where clear segregation has not been applied 
and in view of the fact that the Cinchona tree is an 
outbreeder. 

The method of planting out seedlings into the field was 
different to techniques normally applied. The uprooted 
seedlings have their roots trimmed and can then be dibbled 
into the ground at a high planting rate which seems to be 
successful in the Philippines. The reason for trilDDling the 
roots is not clear and most planters pref er to transfer 
seedlings together with the soil and without root 
disturbance. The original harvesting technique of uprooting 
the whole tree, which is not a preferred method as re­
planting from seed must be applied for replacement, has now 
been discontinued. The practise of coppicing has now been 
applied. It should be realised that the survival rate from 
such propagation does successively result in a lower 
survival rate and normally only two copp1c1ngs can be 
applied after which the tree should be uprooted. 

Programmes of the DENR to investigate and improve the 
quality and species of Cinchona have been well organised and 
planned but the emphasis throughout has been to improve bark 
yield and no information has been gained on the content of 
quinine in the bark due to lack of knowledge and facilities 
for analysis. 

In fact three aspects have to be taken into account in 
developing the most desirable Cinchona tree: 

1.) Quinine Content - The higher the 
economical to 
valuable 

content, 
process 

the more 
and more 

2.) Bark weight per tree - Coupled with high quinine Content 
improves the plantation return 

J.) Disease free species - Though disease is not a serious 
problem it can be always threaten a 
tree 

In view of the fact that much cross-pollination may have 
already taken place an extensive programme of analysis of 
Cinchona trees could be desirable and consideration for the 
future might be given to the application of tissue culture 
for propagation of high quality plants. 
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2.5.2 Composition and Use of Cinchona Alkaloids - Historical 

Cinchona bark contains soae 25 alkaloids of which only 
quinine and quiniaine are of any significant co .. ercial 
value. Quality of these products is closely controlled by 
Pharmacopoeia Standards but they always contain Sllilll 
aaounts of their corresponding dihydro-derivatives. 

The other alkaloids occurring at significant level in 
Cinchona barks are cinchonidine and cinchonine. These are 
only rarely isolated by manufacturers in pure fora and have 
little colllllercial value. Cinchonidine is the coaponent which 
makes the isolation of pure quinine a complicated process. 
All other minor alkaloids are readily removable fro• the 
aajor components to an acceptable level. 

Quinine was isJlated in 1820 by Pelletier and Caventou and 
they showed that the alkaloids of Cinchona were responsible 
for its febrifuge (ability to depress fever) activity. The 
structure was not established until 1918 by Rabe. 

Confirmation of tt.e structure was proved when quinine wa~ 
chemically synthesised by Woodward and Doering in 1945. 
Later syntheses were publis~ed by Uskokovic and Gutzwiller 
of Hoffman la Roche in 1970 and a later partial synthesis 
in 1973. 4 Several other syntheses have al~o been published 
but it is certain that none will ever have any commercial 
significance. 

Medicinally, Cinchona alkaloids have formed one of the most 
i~portant groups of compounds derived from plants. 

They have been administered 
tincture, alkaloids mixture, 
alkaloids usually as salts 
pharmacopoeia standards. 

in the form of 
and isolated, 

conforming to the 

extract, 
purified 

latest 

The drug was administered in the form of decoction of 
powdered Cinchona bark until alkaloids in it were first 
isolated in 1820. Soon after the discovery of quinine the 
sulphate of the alkaloid began to be used and use of the 
decoction and ti~cture largely fell out of fashion. 
Initially plantings in the Far East were made with C. 
Succirubra and the total alkaloids of the bark were used 
under the name "Quinetum". With the development in India of 
Cinchona hybrids for improvement of quinine content the 
Quinetum was gradually replaced by "Cinchona Febrifuge" 
which ~onsisted on residual alkaloids left after removal of 
quinine • This product, variable ~n composition was used as 
a cheap drug for malaria treatment • The Malaria Commission 
of the League of Nations (1931) redefined "Quinetum" as a 
mixture of equal parts quinine, cinchonine and cinchonidine 
and introduced a new product "Totaquina" which was defined 
in the British Pharmacopoeia 1932 and the us Pharmacopoeia 
XIII. 'Jo.1·; ni.oduct was dcfinc<i as '"'.<mt.-.ining ri minil"lum of 
70\ crystallizable alkaloids not less than 15\ of which was 
quinine. 
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For aedicinal use the most important application, 
particularly of quinine, is as an anti-malarial although 
there is ~o•e increase in use in analgesic preparations for 
the treataent of colllllon colds, cough, influenza, varicose 
veins other fevers and night cramps. Although claims have 
been made for such, quinine cannot be classed as a true 
abortif actant being unreliable and potentially toxic to 
aothers and foetus. Use as a contraceptive is also 
unreliable. 

Additionally very substantial quantities are used 
particularly in more developed countries, in the •anufacture 
of tonic and soft dr~nks. Both the hydrochloride and 
sulphate are quoted in the Food Cheaicals Cod.ex. 

Salts of quinine have also been added to anti-smoking 
tablets, hair oils, sunburn lotions, moth repellants, 
insecticides. It is also used vulcanisation accelerators in 
the rubber industry, in polaroid lenses and pickling agents 
in the metal industry. 

The final, increasing, use of quinine is as the source 
material for chemical conversion to quinidine. Quinidine 
exists naturally as one of the Cinchona alkaloids but its 
content is generally low and i~olation from Cinchona is not 
particularly economically attractive. Virtually all 
quinidine is produced synthetically. 

Quinidine is used for Cardiac ailments, particularly 
auricular fibrillation, paroyYsmal tachycardia and various 
arrthythmias following Coronary thrombosis. Also, by virtue 
of its effects on skeletal muscle quinidine has been found 
useful in some cases of intractable hiccough and, because of 
its atropine like effects, can prevent cardiac standstill in 
hyperactive carotid sinus reflexes. 

Totaquina was manufactured in Ta;.zania and, by a rather 
unusual procedure, in Russia. Here Cinchona was grown as a 
biennial crop, the young plants being harvested in the 
second year of growth and worked up for total alkaloids. An 
average yield of 1.25\ totaquina was achieved and the 
product known locally as "Sovchinet". 

Many papers were written on the use of mixtures of Cinchona 
alkaloids as an anti-malarial including extensive research 
performed in the Philippines7 by Dr. J. Maranan of the 
Bureau of Health and Prison~. Extensive clinical studies of 
Totaquina on malaria cases proved the preparation to be just 
as effective as quinine sulphate. Interestingly, even at 
that time, it was believed that the other alkaloids 
counteracted the adverse effect quinine might have on the 
heart. Very recently papers have been published on a re­
investigation of mixtures of Cinchona alkaloids for use 
against Planmodium Falcipatrium paBticularly where it is 
becoming less susceptible to quinine 
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Nowadays little demand exists for crude mixtures of Cinchona 
alkaloids and quinine manufacturers are now aostly 
interested in the isolation of the maximWR amount of pure 
quinine from Cinchona bark. Nevertheless in the context of 
the Philippines,the position and possible utilisation of 
Cinchona alkaloid mixture will be examined. 

----------------1 Rabe P. Kinder k Be 51 466 (1918) 
2 Woodward R.B. c. Doering W.E. J.A.c.s, 67 860 (1945) 
3 Uskokovic MR and Gutzwiller J J.A.C.S. 92 203 (1910) 
4 Uskokov~c MR et al Melv. Chim Acta 56 1485 & 1494 (1973) 
5 Gage: Trans Roy Soc. Trop Med & Hyg 1925 18 348 
6 Howard & Henry: Quart J. Pharm 1930 d 238 
1 Maranan, Perez and Russell: Philippines J. Sci 1935 56 229 
8 P. Druihe et al: Anti-microbial agent 

and chemotheraphy Feb 1988 p 250-254 
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2.s.2.1 current situation and consideraticn 

Quinine manufacturers are mostly interested in the isolation 
of the maximum amount of pure quinine from Cinchona bark as 
it co1111ands a reasonable price. Also, in contrast to the 
early days of use of Cinchona alkaloid~ as antiaalarials, 
nowadays such crude materials no longer feature in modern 
phanaacopoeias and the only use is in products such as 
Vermouth. 

One cf the first considerations when investigating 
utilisation of Cinchona grown in the Philippines was whether 
it would be appropriate to produce a crude mixture of 
alkaloids at a low price to satisfy the needs of poor, 
malaria suffering, population of the Philippines. As such 
this could not ~ an economical production of interest to 
private investors. 

Such a meritorious wish might still be realised for when 
processing Cinchona bark to isolate pure quinine, mixtures 
of residual alkaloids composing quinine, cinchonidine, 
cinchonine and quinidine are also be produced. To process 
such further to remove the low quantities of quinine present 
is tedious and expensive. This residual mixture could be a 
source of a cheap but effective, antimalarial product for 
domestic use. Sufficient material would probably be 
produced to completely satisfy any need in the Philippines. 

Quinine is still such an important drug that it should only 
be used for severe cases and not indiscriminately for fear 
of development of resistance as has been recorded, 
particularly in Thailand. 

Using a similar dosage to that of pure quinine in terms of 
Cinchnna alkaloids one metric ton of such alkaloids could be 
sufficient to treat about 18,500 cases. 

According to discussion with the Head of the Malaria Control 
Frogramme some 150,000 cases of malaria arc forecast for 
1989 (260 per 100,000 population). The usual ratio of 
ra~ical to presumptive cases is about 1:10 which would 
~ndicate some 13,636 cases could be suitable for treatment 
with quinine. A normal single regimen of tablets consists of 
60 tablets x 0.3 9 alkaloids = 18 g. As three attacks is 
the average a total treatment dose per case would be 3 x 18 
g = 54 g. For 13,636 cases a tota1 of 736 kg would be 
needed. 

The acceptance of t~e use of such a crude mixture would have 
to be established but certainly ~n adequate supply could be 
produced and, indeed an excess of some tons over a years 
pr:xluction at any reasonable rate. An export market might 
just be possible to other endemic areas in Asia where 
consumptions of quinine as an anti-malarial are much higher 
than the Philippines. Such areas are particularly Vietnam 
whose focecast consumption of quinine for 1989 was estimated 
at 3.3 MT and Laos where 3.6 kg was the estimated 
consumption in 1989. 
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2.6 Project Papers on Utilisation of Cinchona 

2. 

J. 

Three separate Project proposals have been prepared 
recently relating to the utilisation of Cinchona grown at 
Kaatoan. 

Project proposal 

Proposal for Financial Assistance 
of a Health Research Project 

Project title: Production and 
Processing of Cinchona Barks 
and Other Medicinal Plants for 
the Manufacture of Quinine 

Processing and Manufacturing 
Laboratory for Quinine and 
Cinchona and Other Herbal 
Medicines 

Agency 

Department of Industrial 
Pharmacy, College of 
Pharmacy, UP Manila 

Originator, Prof. L.B. 
Gutierrez 
Chairman 

Eco Systems R & D Sector of 
DENR X, cagayan de Oro City 
in association with: 
1) DOH Region X, Cagayan 
2) Cinchona Reforestration 

Project, Lantapan, 
Bukidnon 

Originator: Dr.M.L. Generalao 

Regional Health Office No. 10, 
Carmen, Cagayan de Oro City 

Originator: Dr. C.R. Tan, Jr. 

Project 1. relates to isolation of Cinchona alkaloids and 
separation of quinine and does include for determination of 
quinine yields in differing species with a view to 
selection. It is, perhaps, not appreciated that for 
commercial utilisation that such selection must also be 
coupled with tree growth in respect of yield and also 
resistance to disease. 

Although the basic method suggested for extraction is 
reasonably valid control factors have to be observed. The 
isolation of "pure" quinine by the proposed method is not to 
be recommended for it is tedious and does not necessarily 
lead to pharmacopoeia standard of quinine quality. 
Different total alkaloid contents will lead to different 
quality products except by repeated purifications whereby 
yields would not be acceptable. 

Analytical methods are available which will give the 
necessary information and also provide adequate information 
on the presence, identification and levels of other Cinchona 
alkaloids with out having to repeat past work on individual 
isolation and characterisation. 
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In fact quinine alkaloid itself is not included in the 
~harmacopoedias only sal~s, and the proposal to formulate 
alkaloid is not clear. 

In view of the fact that products from varying barks, if 
isolated in acceptable yields, would not be consistent then 
any dosage and clinical testing of such would contain 
variables that would in effect invalidate results. However, 
provided analytical standards and ranges were set, the 
different purities could be tested. 

If the intention, as the proposal suggests, is to only 
clinically test quinine of Pharmacopoeia standard it is 
suggested that such work has been extensively covered and 
proven and does not need to be repeated. The investigation 
of varying dosage forms has also undoubtedly been 
extensively covered. 

The proposal does not include for the necessary follow up of 
isolation and purification on larger scale where different 
conditions need to be applied. 

Proposals 2 and 3 are really exactly the same 
undoubtedly submitted to different panels. 
dealt with together. 

proposals 
They may 

but 
be 

Although the submission by the Regional Health Office No. 10 
includes for processing of other herbal medicines other than 
Cinchona the proposal programme really only covers Cinchona. 

The idea of a collaboration between DENR and RHO is laudable 
for both forestry and processing need to be blended for any 
commercial operation. 

The proposals cover the 'other side of the coin' in the 
philosophy of use of the Cinchona alkaloids if the proposal 
is ~ocrectly understood. The proposal is to harvest and dry 
Cinchona bark, mill, granulate and compact into tablets. 

It is suggested that wha~ has not been taken into account is 
that for effective treatment the level of Cinchona alkaloids 
(if not quinine) should be in the order of that employed 
using pure quinine. Tablets, for fully effective use, would 
therefore have to be in the order of a minimum 14 times the 
size of normal tablets. 

It was stated in the project paper that Bukidnon Cinchona 
trees yield "high alkaloid content or high grade sulphate 
content." Insufficient analyses could be located to really 
support this statement. 

A processing plant of capacity 171 metric tonnes Cinchona 
bark was proposed but with no rationale. 
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Such a quantity of bark would contain in the order of 12 
metric tonnes total alkaloids. This could (assuming the 
do~e level of total Cinchona alkaloids being the same as 
quinine at 300 mgs per tablet), supply sufficient anti­
malari~l to treat 222,222 cases (each assuming to average 3 
attacks per year). Such a figure is in excess of the 1989 
forecast of 150,000 cases for the Philippines and probably 
only 10\ of these should qualify as radical cases needing 
treatment with quinine alkaloids. 

On the basis of the size of tablet alone it is respectfully 
suggested that this is not an appropriate appro3ch. 

An intermediate approach might be more appropriate of 
considering the use of a total extracted alkaloid mixture. 
This is in effect used to be the form of many early 
preparations for malaria treatment. !n view of recent work 
such might well be more effective than pure quinine alone. 
Much work was performed on clinical testing of such products 
in the Philip:?ines by a Dr. Joaquin Maranon in the 1930'~ 
and reported fully on "The Philippines Journal of Science". 

Whether such mixtures would be accepted nowadays would need 
to be considered, and since the potential output available 
is considerably in excess of domestic Filipino needs, export 
potential would also need to be considered. Consequently 
acceptance of use would not only be a concern of the 
Philippines Bureau of Food and Drug but would also require 
acceptance by other government authorities and WHO. 

Small scale production for Philippine consumption only would 
not be a commercial venture. 

Full scale commercial production suffers from the marketing 
problems mentioned above for there is no essential current 
market for totaquina or total alkaloid extracts unless of 
very hil)h quinine r.ontent. 

Also with respect to the use of quinine itself as an anti­
malarial the forecast consumption for the whole world (WHO), 
is only 9 metric tonnes. 

A processing plant for producing this whole world 
consumption in terms of total alkaloids would only need to 
extract 128 MT Cinchona bark a year and could not be 
feasible eve.1 taking into account all investment costs of 
growing bark were written off and the bark supplied freP,. 

Conclusions 

None of the proposals as presented can be considered 
worthwhile for f~nding. If there is a possibility of the 
processing of cinchona in the Philippines, then one aspect 
of proposal 1 would be essential. This refers to the 
screening of the Cinchona trees for quality. 
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It is suggested that this would be best achieved by 
utilising facilities already existing, rather than buying 
new equipment. Two options could be considered: 

(1) analysis could be performed in the UK, but this 
suffers from the disadvantage of distance and cost of 
analysis (possibly in the order of US $100 per sample.) 

(2) analysis could be performed in the Philippines by PIPAC 
in Manila, who, it has been established, have appropriate 
equipment available to perform any analyses decided upoa 
involving either fluorimetr:.' or HPLC. Indicative costs were 
obtained and for fluorimetric analysis, t~e cost could be in 
the order of P62,000 for 400 samples taking 1 month or 
P60,000 (+ cost of column) by HPLC analysis for 200 samples 
in 1 month. Assistance could be given to PIPAC with respect 
to methods and reference samples. 

It is suggested that this second alternative is the 
preferred solution. 

A detailed programme would need to be set up for selection 
of trees to be analysed so that an overall and meaningful 
assessment of the plantation was realised. Something in the 
order of 500-600 analy5es could be sufficient. 
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3. Market Analysis 

3.1 Market Situation 

For the past 40 years the World demand for ~uinine has 
fluctuated between 375-500 tonnes per annum and bark 
processed from 5,000-10,000 MT per annum. However the use 
of quinine has changed. Whereas there has been some 
reduction at times in the use as an anti-malarial,and usage 
is currently probably somewhat less than 10,000 Kgs per 
annum according to WHO reports, the consumption by the tonic 
and soft drinks industry (particularly in developed 
countries) has increased steadily. The largest, and 
increasing proportion, now well over 50%, is used for 
chemical conversion to quinidine. This market is still 
expanding. Factors which are likely to bring about further 
growth are (1) the possibility of increase in soft drink 
franchises in currently underdeveloped countries as their 
economies improve a~d (2) a widening in the prescribing 
practices for quinidine. Although sales are considerable 
they are largely confined to the United States and 
Australi3. Quir.ine is also likely to maintain an important 
position as an anti-malarial either alone or in combination 
with other agents and consumption may even increase 
marginally for some time if this practise of combination 
drugs is extended. 

Soft drinks and mixer drinks market 

This market is becoming very dominated by the organisation 
of Cadbury-Schwappes plc which currently consumes about 25% 
(50 m.t.) of quinine used in soft and mixer drinks. The 
best known product is Indian Tonic water, followed by Bitter 
Lemon. These are marketed in both the original formulation 
and also in Slim-line versions which are becoming 
increasingly popular. Although initially quinine was 
excluded from Soda-stream concentrates, the alkaloid has now 
been added as the original concentrate was not acceptable to 
the public. Cadbury-Schweppes plc operate under a variety 
of associate Companies in different countries through joint 
ventures or simply purchase of smaller operations. In the 
United Kingdom, operations are run by Coca-Cola & Schweppes 
Beverages Limited and Sodastream Limited; in North America 
by Cadbury Schweppes Holdiny and the acquired Canada Dry. 
Operations are split into geographical areas of United 
Kingdom, European Continent, North America and 
International. This latter covers 80 countries currently 
including Australia, new Zealand, South Africa, Kenya, 
Ghana, Zambia and Malaysia where operating companies exist. 

Statistics are difficult to obtain or abstract in this field 
and as Cadbury-Schweppes are the major customer and user of 
quinine for drinks information obtained from them may only 
be used as a guideline to present and future trends. Apart 
from the total annual consumption of quinine hydrochloride 
which has been quoted currently at 50 m.t. per annum, no 
meaningful quantitative figures are available. 
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General trends in the soft drinks field world-wide can be 
listed. These represent the market of soft drinks in total 
and not specifically drinks containing quinine, although 
these have been mentioned as mark~t leaders in terms of 
percentage growth in several cases. 

The following figures mentioned relate particularly to trade 
during 1988. 

In the United Kingdom, sa:es of tonic water alone grew by 
5 per cent in volume. In Europe, sales increased by 9 per 
cent and Slim-line tonic was introduced at this time in both 
Spain and France. Substantial increases were recorded in 
the United States of America. In the International market, 
special mention has been made of Japan where sales in 
general have increased more than 100 per cent during the 
period 1984/1988 while steady growth is recorded in Latin 
America. Steady growth is also being seen in Australia. 

In view of the difficulty in abstracting detailed figures, 
what is considered to be a very conservative estimate of 
growth in this area has been proposed at 3 per cent, 
maintained for at least four years, and then reduced for 
evaluation purposes to 1.2 per cent, although the higher 
level might well be maintained as new markets also are 
developed. 

3.1.1 Future Growth 

As previously indicated, the market for qu1n1ne (although 
still considered an important and essential drug) as an 
anti-malarial accounts for only about 2% of production. The 
total use for all medicinal purposes, including cold and 
particularly night cramp preparations, is believed to be 
only in the order of 10% maximum. 

There is no reason to expect any significant growth in this 
area, even if combination therapy of quinine and antibiotics 
is more extensively used. The total consumption for medical 
use is expected to remain static for the foreseeable future. 

Although the tonic and soft drinks area can be seasonal and 
effected by climatic conditions and trends, there is likely 
to be a moderate growth rate continuing over the next 
fifteen years and beyond. Although there is an apparent 
large potential growth by granting of franchises in 
currently lesser developed countries, such potential may, in 
fact, be limited for in such countries there often does not 
appear to be such a pronounced taste for more bitter drinks 
as exists in the more developed Western Countries. There 
is, howev£r, some consumption in Eastern Mediterranean areas 
and this might gradually spread in time eastwards through 
the Near East and Arab countries. 

The large~ consumptions may be more related, however, to 
population increases in existing markets and aggressive 
marketing. 
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A continuing average current growth rate of 3.0\ per annum 
is considered realistic as a mean for 4 years, then reducing 
to 1.2\. 

A positive growth rate is forecast for the use of quinine as 
the raw material for the production of quinidine, the drug 
used for heart conditions. 

Growth rate over recent years has averaged about 3.5\ per 
annum for quinidine (which corresponds to a rate of 4.13\ in 
terms of quinine) following a rather higher average over 
1976-82 of 4.8\ per annum. It is thought that this rate may 
reduce to a conservative 1.0\ per annum (in terms of 
quinine) and remain at this level for the next fifteen 
years. 

The individual and combined growth rates 
graphically and indicate that total consumption 
could rise to 655MT by year 2005, comprising 
quinidine, 260MT for soft drinks, and 
pharmaceutical use.(figure 1) 

are shown 
of quinine 

345MT for 
50MT for 

The consumptions and forecasts are based on abstracted 
figures from statistics and opinions of dealers in the 
markets. Manufacturers' information is not readily 
available. 

Growth rates are not likely to be constant, but subject to 
annual fluctuations. 

3.1.2 Influence of Indonesian supplies and policy 

As mentioned earlier, there is intelligence that the 
Indonesian company, Kimia Farma, are wishing to install new 
production facilities for the production of 150 m.t. SQ2 • Of 
this it is planned to domestically consume 50 m.t. for 
conversion to quinidine and salts in a new plant, leaving 
the remaining 100 m.t. for sale as quinine and salts. The 
current production level is believed to be about 130 m.t. 
and the investment is considered to be a necessity for 
replacing old plant and domestic utilisation of quinine for 
quinidine production rather than any substantial expansion 
programme. 

The level of production has no doubt partly been determined 
by the availability in the future of adequacy of supplied of 
cinchona bark. Their currently cultivated hectarage covers 
about 2,500 hectares supplemented by small supplies by low 
testing bark from small holders. 

If this new unit is installed, as indeed seems a necessity 
as far as some units are concerned within the next 5/8 
years, the production cost in Indonesia must rise for some 
years until new plant is depreciated, although some cost 
improvements by better organisation and possible purchase of 
technology are no doubt contemplated. 
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Indonesia will always be a strong competitor i~ the field of 
quinine because of their history and experience and more 
newly developed contacts with customers. Nonetheless, even 
with a new production unit, as plans are not especially to 
increase production but to improve and diversity, they 
cannot be considered to be any greater threat as a 
competitor than at the present time. 

31 



'! .•. I 

Soo 

Z.5o 

H•~TOA.IC.4~ l"-&NbC AND F\ITU"-E T«.~NbS ES1'"1MATES 

FoR Qua fill .. £ CoNsu~Plot.J. 

A "'n"h o al 
C<>"l'\SV'n ... \i ...... 

M.T 

-----

-~ -- -~-. 
-~ .. --

---·--· -­_, 

Gh,,·,Y\~ ... -. ~ .. r 41 .. ;.._;.J '"'.. - __ • 

----- ---.. ------------
~ ... ;"\,;.• - .c:or ... J~~ ... \.,. 
~ r ------- --.... -- ~ ... -.---------

o~.---. ..---.,. .......... .., ........ ,... .............. ---. ..--'!' • ...,..---.---• ..----.--..... ..---..---..... --

.,-=ts- 't~ ·,.~ ·., ··~ 1:c1&s .,. • • ., P• .,lo l!it\C '~ -,, 2••• 'o"> '20 S Ya.q,~. 

F~gure 1 

32 



3.2 Market Prices 

3.2.1 current 

Quinine and Quinidine prices are usually quoted in US $. 

Prices do vary in different markets. Prices paid in the USA 
are generally the highest and are currently quoted (cif) at 
$82 per kilogram for quinine sulphate and $84 per kilogram 
for quinine hydrochloride. These prices are exactly the 
same as one year ago. Quinidine sulphate was reported as 
high as $140 per kilogram early this year, 1989, but 
probably related to small purchases for this is really too 
high. The appropriate price should be about $115-120 and a 
private communication confirms this as the correct level. 
No current prices could be obtained for quinidine gluconate 
which is a premium product. 

The European domestic market is currently buying quinine 
sulphate at $77 per kilogram (cif). The Indonesians are 
currently offering quinine sulphate (BP88) at $68 per 
kilogram (f.o.b.) and quinin~ hydrochloride at $71 per 
kilogram. They are very aggressive in selling and have 
captured recently the bulk of the Schweppes market, where 
centralised buying from the USA now operates. This may 
cause some reaction from the European manufacturers who 
formerly largely satisfied this market, and might create 
some temporary price instability. 

3.2.2 Past prices and future forecasts 

Historical prices for quinine salts have been obtained from 
reports in the Chemical Marketing Reporter and, although 
these relate only to US prices, they serve to give an 
overall picture of variation through the years. It is 
difficult to collate prices over the years from other 
countries. 
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Figure 2 
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The graph {figure 2) presents the general trend in prices. 
It has tended to ht! a historical fact that quinine prices 
pass through peak prices over, roughly, a seven year 
period, followed by troughs. Previous to the 20 year 
period reported, a previous nigh occurred in 1964/65 at 
about $130 per kilogram, and fell by 1968 to a relatively 
stable price of $50 with revival being observed in 1973. 
The peak prices probably correspond to relative shortage of 
bark. However, although a 7-cycle is apparent, there does 
not seem to be a certain correlation with the fact that it 
takes 7 years for the Cinchona trees to mature. Prices 
peaked again in 1984 and have declined marginally since, 
producing d shallow trough. 

It is expected that peaks and troughs may well be observed 
over the coming years, but much less pronounced. An 
average price of $70 per kilogram has been taken as the 
gross selling price for the evaluation and assurued constant 
for 15 years. 

It is expected that a trough price will persist for another 
3/4 years, after which a modest rise towards $90/$100 might 
be observed. These forecasts are simply based on 
historical facts and experience in the industry. 

The projected future price prediction is depicted in figure 
3. 

35 



-II> g 
~ 
GO 
i:n 
T"" -
c.. 

0 
Cl) 

~ 

z 
0 

§ 
a: 
~ 

LLI 
u -a: 
~ 

• • : :;, 

36 

Figure 3 

I ,. 
• -
> 



3.2.2.1 Philippine Importations and Prices 

An analysis has been made for importations of quinine into 
the Philippines during the present decade. The price paid 
in 1989 is difficult to understand for, even considering 
the small quantity, it is way above the general market 
price. 

Philippine purchases have been made from Germany, Hong 
Kong, Indonesia and Sirgapore. 

Year 1981 1982 1983 1984 1985 1986 1987 1989 
(3 mths) 

Quantity(kg) 478 758 472 460 250 70 450 10 

Price(fob) 
'000's$ 38 63 32 32 20 5 34 1.47 

Ave price 79.5 83.1 67.8 69.6 80.0 71.4 76.1 147.0 

3.2.3 Duty 

In the main European and American markets no import duty is 
currently applied. India, and presumably Indonesia, do 
impose import duties for ~rotection of their industry. 

).3 Market Supply 

Although there is probably sufficient capacity amongst 
current manufacturers (so far as extraction capacity is 
concerned) to meet the demand it is known that some plants 
are now very old and are really needing to be refurbi~hed. 
Although Indonesia and Zaire are believed to have maintained 
their Cinchona plantations there are indications that some 
of the others in parts of Africa were cut severely in 
1980/81 and not replanted • Maintenance of plantations in 
India is also believed to be restricted. 

The market place is satisfied by two kinds of producer, 
the fully producing countries and (2) those producing 
imported Cinchona bark. The market is completed by 
entirely importing countries. 

(1) 
from 
the 

The approximate market proportions are 
USA 
Europe 
Rest of the World 

60% (300 MT p.a.) 
23% (115 MT p.a.) 
17% ( 85 MT p.a.) 
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These cannot be precise, nor do they necessarily indicate 
drug consumption. In Europe much quinine is converted to 
quinidine and exported. Kost of the quinine used by the 
Schweppes organisation is now centrally purchased through 
the USA. Much of this, however, probably does not feature 
in the US imports as it will usually be shipped dire~tly by 
the supplier to the end user in various countries, and be 
recorded in import statistics of the recipient country. 
With respect to the USA market, consumption has been taken 
as the composite of quinine and quinidine. The actual 
weight ratios are in the order 33\ quinine and 66\ is 
quinidine. For each kilogram of quinidine approximately 
l.18kg quinine is needed. The European market comprises 
mainly quinine in terms of imports, but both quinine and 
quinidine as exports. 

Demands for importation of qu1n1ne into China have dropped 
considerably since the mid/late 1970's, probably mainly due 
to the use currently by the Chinese of an alternative 
natural anti-malarial isolated from Artemesia annua and 
known by the local name Qinghaosu. This has not made any 
impact outside of China as the formulation is not yet very 
satisfactory. It has to be administered by injection and as 
the preparation usually contains some suspended matters, 
this can be rather painful. 

Quinine and quinidine are marketed in sPveral salt forms 
and smaller quantities of free alkaloids. Alkaloids are 
usually used for in situ preparation of salts while 
formulating, although some producers use quinine alkaloid as 
starting material for synthesis of quinidine. 

The most common salts of quinine are the sulphate 
(dihydrate) and the hydrochloride. The former may be a 
starting material for quinidine synthesis or for tabletting 
as an anti-malarial, or compounding into cold or analgesic 
preparations. The hydrochloride is the form mostly used in 
the tonic and soft drinks industries. Other salts such as 
bisulphate may be used by some companies (eg Astra, Sweden) 
to satisfy a specific formulation. The dihydrochloride has 
become more increasingly used as an anti-malarial being 
suitable for injection by which route response is more 
rapid. 

In the case of quinidine the range of salts is more 
restricted, being principally the sulphate for tablets or 
gluconate for injection. This latter product commands a 
premium price. A small quantity of quinidine alkaloid is 
marketed as such and a Swedish company use quinidine 
bisulphate. 
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3.3.1 Producing Countries 

cinchona bark is commercially grown in a number of countries 
in Africa, Asia, Central and South America. The principal 
producers are Indonesia and Zaire although others of 
significance have included Tanzania, Kenya, Burundi, India, 
Guatemala, Peru, Ecuador, Bolivia, Rwanda, Sri Lanka, 
Columbia and Costa Rica. Of these countries, only in 
Indonesia and India is Cinchona fully processed to finished 
quinine salts to any substantial extent. Very small 
productions have been reported in South American countries, 
namely Bolivia, Equador and Columbia but there is no present 
intelligence on the current situation. 

In Zaire 
alkaloid 
refining. 

the Cinchona 
extract which 

bark is extracted 
is then shipped 

to produce 
to Germany 

an 
for 

Production in India, at plants both in West Bengal and 
Madras (Tamil Nadu), is operating at low capacity and the 
plants are very old. India produces only quinine salts (and 
some natural quinidine). Available capacity at West Bengal 
is reported to be 25 MT per annum and at Tamil Nadu at 10 MT 
per annum. 

Indonesia started Cinchona operations in 1898 and installed 
the present extractors in 1940, further improving facilities 
in 1975 with the introduction of centrifuges. The plant, 
operated by Kimia Farma, is largely requiring re-tooling and 
active consideration has been given to doing this over the 
past few years. This is likely to increase the costs 
substantially. Subsequent to the reduction in production 
after the war and in subsequent years due to the lack of 
restocking plantations Indonesia are once again the 
forerunners in quinine production and their marketing is 
very aggressive. Indonesia do not produce quinidine but 
again are investigating the possibility of doing so on a 
substantial scale. Indonesian plans are to produce some 150 
MT of SQ2 and introduce quinidine production at a level of 
50 MT per annum. 

The recent tendency for obvious economic reasons, has been 
for producers to consider setting up production facilities 
in the region where the source of Cinchona is grown. Lake 
and Cruickshank Ltd in 1981 had planned to transfer its 
extraction unit to Kenya but, due to political reasons 
rather than economic ones, shut down all operations. 
Subsequently, Isochem of France. attempted to set up 
extraction facilities in Rwanda but the project never 
became operational. 
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3.3.2 Import Producing 

The few remaining significant quinine producers are situated 
in Europe, in West Germany and Holland. 

ACF (Amstedamische Chemiefarma N.V.) of Holland and 
Boehringer Mannheim of Germany are the largest European 
manufacturers although Boehringer extract largely at a plant 
in Bukavu in Zaire and only import bark of highest quinine 
content for extraction in Germany. ACF have capacity to 
produce about 100 MT and Boehringer Mannheim about 125 MT 
per annum of quinine salts. 

Boehringer Mannheim also produce quinidine whereas ACF are 
only believed to do so through a subsidiary company. 

Buchler of Ausweig, Germany are a smaller, but active 
producer, having a capacity of SOT quinine per year. They 
probably have the most modern plant for quinine processing 
having re-tooled refinery operations in 1985 and extraction 
recently. 

Other former producers who principally operated on a custom 
production basis, such as Isochem, (France) Plantex, 
(Israel) and Omnichem, (Belgium) are no longer believed to 
operate to any significant degree. 

3.3.3 Principal producers 

India 

Indonesia 

Holland 

W. Germany 

West Bengal Cinchona, Darjeeling 
Tamil Nadir, Madras 

Kimia Farma P.T. 
P.O. Box 12 
Bandung 

Amstedamische Chemifabrik, N.V. 
P.O. Box 5 
Maarsen 

Boehringer ~annhcim GmbH. 
Dandhofer Strasse 116 
6800 Mannheim 31 

Buchler GmbH & co. 
P.O. Box 1829 
3300 Braunsweig 
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3.4 Marketing and Distribution 

3.4.1 Domestic Market 

The market in the Philippines for quinine is very limited 
and confined essentially to the pharmaceutical industry. 
The main customer is likely to be the Department of Health 
requiring quinine for the Anti-Malaria Programme. The bulk 
of quinine still appears to be used in tablet form as 
quinine sulphate, and only small quantities as injectable 
quinine dihydrochloride. The demand will probably remain 
relatively steady for this purpose at 300-450kgs per annum, 
but there might be a change trom sulphate to 
dihydrochloride. Although only manufacture of sulphate and 
hydrochloride has been proposed, the dihydrochloride in 
small quantities could be produced. However, it might not 
be possible or economic to procure custom formulation of 
this material as the number of units would be small. At 
present only about 13,000 vials are being used annually. 
With a domestic manufacture of quinine, it is possible that 
sorue of the local pharmaceutical houses might consider use 
of quinine in other pharmaceutical preparations other than 
anti-malarials, although no specific preparations appear to 
be used. For this, use could only be expected in the low 
hundreds of kilograms. 

Use as a bittering agent in ~he Philippines was not located 
and it is not pos~ible to forecast any real consumption in 
this area. 

Distribution within the Philippines presents no problems, 
since the material would be supplied in bulk as at present 
to one main customer, the D.O.H. They would then tender 
for formulation and the distribution would be the 
responsibility of the D.O.H. 

If other pharmaceutical hou~es ~hould become customers, 
bulk distribution only to Ma, .la by air shipment would be 
involved. 

3.4.2 Export Market 

The market for use of quinine in pharmaceutical products is 
world wide. The principal market is in the USA followed by 
Europe. With respect to the anti-malarial market, which is 
probably only 2% of the total world market, the bulk is 
consumed in developing countries. Principal consumers and 
ma:ket size are tabulated below. 
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Anti-malarial use 

Region 

African 

Eastern 
Mediterranean 

South East 
Asia 

Western 
Pacific 

Principal 
Users 

Angola, 
Burkano Faso 
Rwanda 
Comoros 

Pakistan 

India 

Vietnam 
Laos 

Volume p.a. 

lOOOkgs 

JOOkgs 

180kgs (all domestic) 

3,300kgs 
3,600kgs 

In this area the most interesting must be the Western 
Pacific markets of Vietnam and Laos. Attempts could be 
made to penetrate these markets but otr~iously strong 
competition must exist from Indonesia. It was not 
established whether Vietnam or Laos import bulk quinine 
salts or formulated products. If the latter applies, the 
market could probably be penetrated more readily by 
utilising capacity at the Philippine pharmaceutical houses 
and at the same time atta~hing greater added value. 

In the case of the food and drinks outlets, the most 
significant purchaser is Schweppes and now that most is 
purchased through the Central office in the USA this would 
be a very difficult market to penetrate, although it 
appears Indonesia has managed to capture such a market from 
the Europeans. Some smaller consumers still exist but many 
former ones have been absorbed under the Schweppes 
umbrella. 

The 
for 
this 
from 

widest market is probably that where quinine is used 
conversion to quinidine. Most of the operations in 
field operate in Europe, and especially Italy, apart 
the production by major quinine manufacturers. 

Proposals to set up a unit in Costa Rica or the Virgin 
Islands by a major pharmaceutical house in the early 1980's 
for the manufacture of quinidine does not seem to have 
materialised. 

The major markets for quinine are in Europe and the USA and 
it is recommended that to penetrate these, at least for 
some years, would be best to do so using the expertise of 
existing chemical trading houses which have experience and 
contacts in the cinchona alkaloids field. Alternatively, 
there could be some personnel available, previously expert 
in marketing in this field who would be prepared to act as 
agent or consultant. It is suggeated that European 
Services might be most appropriate to cover not only the 
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Western Countries, but also the Far East, where in many 
cases, they now have strong connections, especially through 
Japan. 

With time direct enquiries will inevitably develop and 
marketing strategy could change with direct marketing from 
the domestic producer, dependent only on any previous 
marketing agreements entered into. 

3.4.3 Distribution 

As distribution relates only to the bulk products to other 
manufacturers and not to diverse wholesale and retail 
outlets, no great problem exists. Even if using an agent, 
products in most cases could be dispatched directly from 
the Philippine production unit to the ultimate customer, 
whether in Africa, Far East, Middle East, America or 
Europe. In some cases it might be necessary to consider 
providing the agent with materials on a consignment basis 
for him to distribute. 

In all instances, however, almost invariably for this 
relatively high value, low volume production, quinine is 
transported by air shipment and only rarely by sea for 
large consignments. The only requirement then for 
efficient distribution is a reliable and good freight and 
forwarding agent. 

3.5 Alternative Products 

3.5.1 Anti-malarials 

Quinine was used for very many years as the most reliable 
remedy available for malaria treatment but was gradually 
replaced as synthetics became available which appeared to 
be less toxic and more effective particularly for 
prophylaxis. There was resurgence in use of quinine in the 
early 1960's partly due to side effects of some synthetics, 
such as paludrine and mepacrine, and demand due to the 
Vietnam War. There was also some later resurgence as a 
result of resistance to some of the synthetic drugs by 
Plasmodium f alciparum when quinine again became a preferred 
drug for initial treatment of malaria caused by strains 
resistant to chloroquine. There is some evidence that 
quinine dihydro~hloride given by slow intravenous injection 
is becoming a preferred treatment. The use of quinine in 
combination with tetracyclines is also become favoured. 

Many thousands of compounds have been screened for anti­
malarial activity, several have been employed clinically, 
but several have subsequently been removed from the market. 
The use of quinine persists. 

The other currently used anti-malarials all can to some 
~xtent be considered competitive products but are not 
likely to effect the current level of use of quinine. 
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The 4-aminoquinolines represented by chloroquine, 
amodiaquine and mefloquin are the main competitive drugs 
being used especially for treatment and prophylaxis of 
malari~ in areas where Plasmodium falciparum resistance 
occurs. These are currently the most widely used drugs. 

Only one 8-aminoquinoline, 
particularly for Plasmodium 
competitive with quinine. 

primaquine is 
Vivax and 

now 
not 

used 
really 

Dihydrofolate reductase (DHFR) drugs are represented 
principally by pyrimethamine which is used in combination 
with long acting sulphonamides, such as sulphadoxine for 
chloroquine resistant falciparum malaria. This combination 
is widely used, China being the largest consumer and 
accounting for 80\ of the market. 

Sulphonamides and sulphones represented by sulfadoxine 
{mainly), sulfalene and dapsone are generally used in 
combination with pyrimethamine for P. falciparum failing to 
respond satisfactorily to chloroquine or amodiaquine. 
Although the above mentioned drugs are competitors to 
qu1n1ne, the pattern of use established does not suggest 
that they will depress the use of quinine and indeed the 
opposite might well be true. 

There has been some evidence of the increase of quinine 
resistant P. falciparum, although not very extensive. A 
new drug mixture is being tested for treatment of such 
malaria but in fact is composed of a mixture of cinchona 
alkaloids represented by quinine, quinidine and cinchonine 
in equal proportions. 

Another drug under investigation for treatment of multiple 
resistant P. falciparum is Clindamycin (7-chloro-7-deoxy­
lincomycin) . Tests using this have been performed in the 
Philippines. However, it appears that as with 
tetracyclines and erythromycin, it may be necessary to use 
a drug combination with, possibly, quinine. It is 
considered this combination may have an advantage over 
tetracyclines in requiring a shorter course of therapy. 
This drug, therefore, is not likely to depress the use of 
quinine but could help to maintain or increase the usage 
level. 

The main possible competition to qu1n1ne could come from 
the Chinese drug Ginghatsuo, a natural product isolated for 
Artemesia annua. This is being used in China and has 
largely replaced the use of quinine there. The product is 
not generally accepted or used outside of China. It does 
appear to be effective but the preparation is currently 
unsatisfactory not only for being administered as an 
injection, but particularly as the preparation apparently 
contains suspended particles which must make injection 
difficult and painful. It is possible with t1me that this 
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product will become a 
other anti-malarials. 
has to be considered but 
must still be many years 

serious competitor to quinine and 
Finally the question of a vaccine 
it is thought that such treatment 
ahead. 

Overall it is felt that quinine consumption as an anti­
malarial is likely to remain fairly steady at the present 
level for the foreseeable future. 

3.5.2 Bitteri~g agents 

The principle competition is probably quassia, another wood 
extract. Quassia is said to be 50 times more bitter than 
quinine. This product has been known tor many years and is 
not now likely to replace quinine to any further extent. 

Competition from synthetic bittering agents is not taken 
too seriously as natural products are usually pref erred in 
the food industry. 

The taste of quinine is very specific and well accepted by 
a large public and would be difficult to replace. Some 
years ago the pharmaceutical and food industry did 
investigate the replacement of quinine (due to a toxicity 
scare raised in the press} by other cinchona alkaloids. 
Fear of legislation to ban the use of quinine was ill­
founded and the use of quinine continued to be accepted. 

3.5.3 Anti-arrhythmic drugs 

Quinidine as an anti-arrhythmic drug competes with 
lidocaine, procainamide hydrochloride, digitalis and 
several other drugs acting on the circulatory system. 

Quinidine has an advantage in being specific in action and 
is used to increase the pulse rate in many cardiac and 
cardiovascular disorders. It iL very much in demand in 
North America and expanding use is observed in Australia. 
Although European physicians tend to prefer oth~r 
treatments, a general growth market should continue to 
exist particularly as the pace of life increases and 
cardiovascular problems become more prevalent throughout 
the world. 

Although there is a1~~ys the possibility of the development 
of new competitive drugs, such development takes a minimum 
of 10 years and more likely over 15 years, and there is no 
intelligence of any particularly interesting products at 
the present time. 

3.6 Sales price, programme and distribution costs 

Programme of sales. At this stage of the study, it is not 
possible to put forward a planned sales programme as the 
output available for sale can only be determined by the 
quantity and quality of input Cinchona bark available. It 
is proposed, at any level, that the whole output of 
production can be sold. 
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Sales price. A constant price for the sale of quinine salts 
based on SQ2 value irrespective of the salt sold has been 
taken for the whole period of production considered. 

Sales value: US$ 70.000 per kilogram SQ2 , delivered or 
f.o.b. price. 

The prcgramme of production (and sales as it is assumed all 
sold) in terms of volume and value is tabulated below for 
the various production programmes considered. 

Programme 1 

SQINT 1/2 
Throughput 

300 m.t./3.0% 
450 m.t./3.0% 
540 m.t./3.0% 
540 m.t./6.5% 

Programme 2 

SQINT 3/6 
Throughput 

300 m.t./5.0% 
450 m.t./5.0% 
540 m.t./5.0% 
540 m.t./6.5% 

Year 
1992 

1993/96 
1997/99 
2000/06 

Year 
1992 

1993/96 
1997/99 
2000/06 

Volume production 
4.653 m.t. 

@ 6.980 m.t. 
@ 8.375 m.t. 
@ 29.840 m.t. 

Volume production 
12.750 m.t. 

@ 19.125 m.t. 
@ 22.950 m.t. 
@ 29.840 m.t. 

Sales value US$ 
326,025 
489,038 
586,845 

2,088,450 

Sales value US$ 
892,500 

1,338,750 
1,606,500 
2,088,450 

N.B. In above tables note 3% bark only yields 51.7% salts on 
input, while 5% & 6.5% will yield 85.0% yield. 

Programme 3 

SQPRC 1/2 
Throughput 

300 m.t./5.0% 
450 m.t./5.0% 

Programme 4 

SQPRC 3/4 
Throughput 

300 m.t./5.0% 
450 m.t./5.0% 
540 na. t. /5. 0% 

Year 
1992 

1993/2006 

Year 
1992 

1993/96 
1997/2006 

Volume production 
12.750 m.t. 
19.125 m.t. 

Volume production 
12.750 m.t. 
19.125 m.t. 
22.950 m.t. 

3.6.1 Sales and distribution costs 

Sales value US$ 
892,500 

1,338,750 

Sales value US$ 
892,500 

1,338,750 
1,606,500 

In view of the proposal to market through an 
indirect sales and distribution cost has been 
input to COMFAR schedules. 

agent only 
included as 

Sales and distribution costs have simply been taken as 5.4 
per cent of sales value. 
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The following inputs result: 

Throughput bark Sales and distribution cost 
US$ 

300 m.t./3.0% 18,000 
450 m.t./3.0% 26,000 
540 m.t./3.0% 32,000 

300 m.t./5.0% 48,000 
450 m.t./5.0% 72,000 
540 m.t./5.0% 86,000 

540 m.t./6.5% 111,000 

All sales are assumed to be sold f.o.b. nearest airport. The 
transportation costs, which would be works transport are 
charged against works overheads rather than as a separate 
item. The cost is minimal and would not be more than us 
$114 per metric ton even if hired transportation was used to 
transfer to Cagayan de Oro City. 
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4. Rav Materials, Inputs and_ Plant Capacity 

4.1 Cinchona Bark Supply - Plantation Aspects 

4.1.1 Climatic and Soil Requirements 

Experience elsewhere has shown that the optimum conditions 
for the successful culture of cinchona are as follows: 

Temperature: Average daily maximum 21 C, minimum. 13.5 C 
Not regularly outside the range 7 - 26 C and 
frost free. 

Relative humidity: Average daily maximum 97%, minimum 68% 

Rainfall: 

Soil: 

Mean daily 83% 

3500mm annually if there is a well marked 
season. 2000mm is adequate if more or 
evenly distributed. 

dry 
less 

Deep, friable, well drained and aerated. High 
humus content, pH 4.6 - 6.5 with high levels of 
cations especially Lalcium. 

Within the near equatorial latitudes of the 
these climatic conditions are lik2ly to be 
altitudes of 1500 - 2200m. 

Philippines 
fo~nd at 

4.1.2 Location of the Cinchona plantations in the Philippines 

The cinchona plantation area lies on the southern slopes of 
Mount Kaatoan in the Municipality of Lantapan, Bukidnon. It 
is under the management of the Forest Management sector of 
the Department of Environmental and Natural Resources. 

The location and site are illustrated in figure 4 and 5. 

The total area encompassed by the project is 1994 ha., 
altitude 1,100 - 1,500 m. Thus it is already on the margin 
of altitude for successful cinchona production experienced 
elsewhere. The soil is fairly heavy and clayey, ~ot ideal 
for cinchona, but is probably on the whole reasonably well 
drained by virtue of the underlying rocky material and the 
network of steep valleys and streams. Humus levels and pH 
are satisfactory, at least in newly cleared forest areas. 
No information was available regarding calcium status. 
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4.1.3 Status of the Plantation 

4.1.3.1 Genetic Stock 

There are stated to be 7 species under cultivation but two 
of these are referred to as named cultivars of Cinchona 
Ledqeriana. 

These seven types are: 

c. ledqeriana, C. ledqeriana v. kartamanah, c. ledgeriana 

v. tjinjiroena, c. officinalis, c. calisaya, 

c. succirubra. c. hybrida. 

Propagation is by seed and unfortunately there are no 
isolated stands of the different species dating back to the 
origins of the plantations in the 1930s. Without these to 
serve as sources of seed there are likely to be difficulties 
in maintaining the genetic stability of the different 
species. Cinchona species are not generally self-fertile 
and require cross-pollination. Consequently there is a 
strong probability that some of the seed now being used 
results from interspecif ic pollination and that the stock 
includes complex hybrids. 

Morphological characteristics of the-different species are 
apparent both in the mature plantations and the nursery 
be~s. However there are a good many specimens with 
indeterminate or intermediate character. For example dark 
red pigmentation of the leaves, considered to be a 
characteristic of c. officinalis was noted in odd specimens 
of other species. There were some obvious variations 
within the beds of young seedlings attributed to particular 
species and no indication that atypical specimens might be 
discarded before planting out. 

The C.succirubra stock differed considerably from 
specimens previously seen in India and East Africa. 
these latter locations the leaves commonly ~ad several 
defined lobes. All specimens seen at Kaatoan had 
oval shaped leaves with a single lobe . 
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4.1.3.2 Husbandry 

Seed is collected from identified trees and sown in drills 
in raised shaded beds. After several months seedlings are 
transplanted into open secondary beds and grown on for about 
l year before planting in the field. This operation 
involves lifting the seedlings, removing most of the soil 
and peripheral roots and planting into small holes with 
minimal preparation and without addition of any fertiliser 
etc. This technique allows rapid planting of large areas 
with minimum labour but seems unlikely to give the best 
chance of survival and rapid/vigorous growth. (In Kenya, 
by contrast, seedlings were grown in polythene sleeves and 
planted out with minimal root disturbance, into relatively 
large individually dug planting holes with fertiliser being 
placed in the planting hole). 

Planting generally takes place during the wet season from 
May - December. All undergrowth is first cleared but the 
major trees are left to provide a shade canopy. Research 
has shown that survival is better with the benefit of shade 
from the canopy rather than in a completely open situation. 
Subjective observation however suggests that the shade 
should not be too dense for good growth. Trees under heavy 
shade often appeared stunted or spindly while, where the 
light is a little better, nearby trees, planted at the same 
time, appear strcng and vigorous. 

Again Kenya provides a contrast. There no shade was used 
and good survival rates were achieved. However the 
plantations are at higher altitudes and hence lower surface 
temperatures are experienced. 

Planting density is normally 2m x 2m or 2500 trees/ha, but 
numbers are often less than this by virtue of the large 
trees and vagaries of the terrain. Some areas of much 
closer planting were also seen. These appeared to be very 
vigorous and healthy. 

Maintenance in the first few years consists simply of 
weeding. Fertilisers are not generally applied. This is 
also contrary to practice elsewhere. It has been clearly 
demonstrated that both N & P fertilisers improve not only 
the weight of bark produced but also the quinine content of 
that bark. 

A further factor is the calcium level of the soil and 
addition of lime is often beneficial and may influence the 
level of quinine by as much as 60% 

The combined affects of N, P and Ca may increase yield of 
quinine/ha by more than 100%. On the other hand addition 
of K is not usually desirable since it antagonises uptake of 
ca. 
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4.1.3.3 Pests and Diseases 

The most common disease encountered in cinchona plantation 
is Phytophthorus cinnamoni or stripe canker. This, or a 
very similar fungal disease is present at Kaatoan. Although 
fairly widespread it does not appear, as yet, to be a very 
severe problem. Local forestry staff have estimated that 
only a few % of the trees are affected. It may however be a 
significant factor influencing the rather poor survival rate 
of young trees. 

Control of this disease by chemical methods has not proved 
to be very successful elsewhere. Probably the best approach 
is one of containment by adopting cultural practices to 
minimise its impact . 
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4.1.3.4 Harvesting 

(1) Effect of age of trees. (See figure 6) 

The clkaloid content of the bark, in particular the quinine 
level increases quite rapidly during the first 7 vears of 
growth and subsequently only changes slowly. However the 
total quantity of bark continues to increase fairly rapidly 
for at least 12 - 15 years. Thus the quinine content of the 
tree increases rapidly during that period. Elsewhere the 
economic age of harvesting has been considered to be 7 
years. This should however probably be regarded as an 
absolute minimum and may vary both with growing conditions 
and the market situation. 

Other than collections of bark from dead or diseased trees 
virtually no harvesting has taken place since 1970. For the 
present, therefore, there are plenty of fully mature trees 
to harvest. 

(2) Ha~vesting at Kaatoan. 

If regular harvesting is to be established it will probably 
be best to confine it to the driest period, say January 
April. This would allow the bark to be sun-dried fairly 
rapidly. The importance of thorough drying needs to be 
emphasised (apparent from the high moisture content of the 
samples taken from the bark store). 

Harvesting and collection of the bark from the plantations 
would at present be fairly difficult and labour intensive. 

Construction 
part of the 
implemented 
developmen~ 

of an access road which would encircle a large 
present area has been proposed. This should be 
at an early stage and would further assist with 
of the proposed extension area (see figure 5). 

4.2 Estimates of available bark 

Older areas (pre 1970) are very variable with some very 
large trees 15 - 20 m in height and diameter in excess of 25 
cm, while others, under heavy shade, are rather spindly 
There are no really reliable and useful data on these older 
areas and there appears to be some difference of opinion on 
numbers of trees and expected yield of bark. Because of 
the obviously heterogeneous nature of this stock, coupled 
with planting of 7 species having rather different growth 
characteristics, it is impossible to make any sort of 
independent estimate without undertaking a fully detailed 
inventory. We will therefore base our projections on the 
more conservative of the estimates provided to us. 
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Subsequent to 1970 there are detailed records of planting by 
area, tree numbers and species. Inspection of many of 
these again reveals considerable heterogeneity particularly 
in the older areas, but in the more recent plantings (post 
1979) there are some excellent stands of healthy vigorous 
trees and we see no reason at all to doubt most of the 
figures provided. 

It must be stressed however that in general the number of 
trees planted has been given and survival rates assumed may, 
in some cases, be optimistic. Research has however shown 
different survival rates for each species ( see figure 7) 
and different rates of bark production. These factors have 
been used to compute the amount of bark available now and 
for the succeeding 12 years. 

It is also assumed that harvesting will be b}i coppicing and 
a subsequent survival rate of 70% for a 2nd harvest will be 
achieved. No account of a possible 3rd cycle has been 
included. 

It can be estimated that by restricting the offtake of bark 
to 450 tonnes/annum (300 tonnes in year 1, taken as 1990) 
then the proposed production plant can operate at this level 
for the foreseeable future provided that there is a 
relatively modest increase in the present rate of planting. 

The calculations made to determine the quantities of 
Cinchona bark available are given in table 1. The 
harvesting programme to give a regular level of off take is 
detailed in table 2. 

Fiqt..a.c: 7 

Survival rates (ref. Report Constante B Serna, Forest 
Research Institute) 

c. Ledgeriana 
C. Ledger var Tjinjiroena 
c. Ledger var Kartamanah 
c. Off icianalis 
c. Calisaya 
c. Succirubra 
C. Hybrid 

Bark production 

53.1% 
51.8% 
44.4% 
45.6% 
65.0% 
53.7% 
52.5% 

These figures may be located in Table 1 covering trees from 
7 years to 19 years old for the different species. 
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TABLE 1 

Year 1970 1971 1972 1973 1974 1975 1976 

Planted: (Nos.) 
C.Ledg 48740 59700 140CO 17200 6500 310 
C.LvT 1000 28800 10415 0 600 310 
c.LvK 7650 18420 12700 3240 1300 310 
C.Off 0 5800 6000 5048 0 310 
c.cal 0 2300 1080 0 0 0 
c.suc 0 3000 4700 0 0 310 
C.Hy 3000 27900 30715 6900 5480 310 

Total No 115530 60390 145920 79610 32424 13880 1860 

survived: 1977 1978 1979 1980 1981 1982 1983 

C.Ledg 25881 31701 7434 9133 3452 165 
C.LvT 518 14918 5395 0 311 161 
C.LvK 3397 8178 5639 1439 577 138 
C.Off 0 2645 2736 2318 0 141 
C.Cal 0 1495 702 0 0 0 
c.suc 0 1611 2524 0 0 166 
C.Hy 1575 14648 16125 3623 2877 163 

Total No 61462 31371 75196 40555 16513 7217 933 

Bark/tree (Kgs.) 
C.Ledg 3.01 2.84 2.68 2.53 2.39 2.25 2.08 
C.LvT 2.35 2.26 2.17 2.09 2.01 1.93 1.81 
C.LvK 3.73 3.45 3.19 2.95 2.73 2.53 2.30 
C.Off 3.35 3.10 2.87 2.66 2.46 2.28 2.07 
C.Cal 2.43 2.29 2.16 2.04 1.92 1.81 1.68 
c.suc 2.82 2.69 2.56 2.44 2.33 2.21 2.03 
C.Hy 2.86 2.70 2.55 2.41 2.27 2.14 1.97 

Mean 2.94 2.76 2.60 2.45 2.30 2.16 1.99 

1990 bark (MT.) 
C.Ledg 74 85 19 22 8 
C.LvT 1 32 11 0 1 
C.LvK 12 26 17 4 1 
C.Off 0 8 7 6 0 
C.Cal 0 3 1 0 0 
c.suc 0 4 6 0 0 
C.Hy 4 37 39 8 6 

Total· 181 91 195 100 40 16 2 
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TABLE 1 

1977 1978 1979 1980 1981 1982 1983 

Planted: 
C.Ledg 255·, o 28350 101825 15600 23380 72875 75500 
C.LvT 14600 16900 76860 28103 31720 34925 73000 
c.LvK 19377 13700 16400 23938 46874 43950 27800 
C.Off 11538 17225 57495 17400 0 16408 0 
C.Cal 9000 10600 6750 2050 0 13842 26650 
c.suc 12519 61663 91690 3000 52220 0 21800 
C.Hy 7185 6600 23000 0 19630 0 2500 

99849 155038 374020 90091 173824 182000 227250 

Survived: 1984 1985 1986 1987 1988 1989 1990 

C.Ledg 13578 15054 54069 8284 12415 38697 40091 
C.LvT 7563 8754 39813 14557 16431 18091 37814 
C.LvK 8603 6083 7282 10628 20812 19514 12343 
C.Off 5289 7855 26218 7934 0 7482 0 
C.Cal 5850 6890 4388 1333 0 8997 17323 
c.suc 6723 33113 49238 1611 28042 0 1110·1 
C.Hy 3772 3465 12075 0 10106 0 1313 

Total No 51377 81213 193082 44347 88006 92781 120589 

Bark/tree (Kgs.) 
C.Ledg 1.93 1. 79 1.66 1.54 1.40 1.27 1.15 
C.LvT 1. 70 1.60 1.50 1.41 1.31 1.21 1.12 
C.LvK 2.09 1.90 1. 73 1.57 1.43 1.30 1.18 
C.Off 1.88 1. 71 1.55 1.41 1.28 1.16 1.05 
C.Cal 1.56 1.44 1. 33 1.23 1.12 1.02 0.93 
c.suc 1.86 1. 71 1.57 1.44 1.33 1.23 1.14 
C.Hy 1.82 1.68 1.55 1.43 1.30 1.18 1.07 

Mean 1.83 1.69 1.56 1.43 1.31 1.20 1.09 

1990 Bark (MT.) 
C.Ledg 26 27 90 13 17 49 46 
C.LvT 13 14 60 21 22 22 42 
C.LvK 18 12 13 17 30 25 15 
C.Off 10 13 41 11 0 9 0 
C.Cal 9 10 6 2 0 9 16 
C.Suc 13 57 77 2 37 0 13 
C.Hy 7 6 19 0 13 0 1 

96 139 306 66 119 114 133 
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TABLE 1 

1984 1985 1986 1987 1988 

Planted: 
C.Ledg 15872 115431 100040 41043 53547 
C.LvT 6335 71921 62331 25572 61974 
C.LvK 14198 86486 74954 30751 70258 
C.Off 12220 21213 18315 7543 27040 
C.Cal 23312 29910 25922 10636 17257 
c.suc 16916 56105 48624 19949 20588 
C.Hy 10486 38695 33535 13758 62353 

99339 419761 363791 149252 313017 

Survived: 1991 1992 1993 1994 1995 

C.Ledg 8428 61294 53121 21794 28433 
C.LvT 3282 37255 32287 13246 32103 
C.LvK 6304 38400 33280 13653 31195 
C.Off 5572 9673 8384 3440 12330 
C.Cal 15153 19442 16849 6913 11217 
c.suc 9084 30128 26111 10713 11056 
C.Hy 5505 20315 17606 7223 32735 

Total No 53328 216507 187638 769082 159069 

Bark/ ~ee (,-gs.) 
C.Ledg 1.15 
C.LvT 1.12 
C.LvK 1.18 
C.Off 1.05 
C.Cal 0.93 
c.suc 1.14 
C.Hy 1.07 

Mean 1.09 

Bark, yr: (MT.) 1990 1991 1992 1993 1994 
C.Ledg 10 70 61 25 33 
C.LvT 4 42 36 15 36 
c.LvK 7 45 39 16 37 
C.Off 6 10 9 4 13 
C.Cal 14 18 16 6 10 
c.suc 10 34 30 12 13 
C.Hy 6 22 19 8 35 

Total 57 241 210 86 277 
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4.2.l Quality of Bark and Planting Material 

In order to maximise the value of the cinchona bark extracts 
it is highly desirable to be able to isolate a proportion of 
pure quinine which is a potentially valuable export while, 
at the same time, preparing a mixed alkaloid extract for use 
as an anti-malarial. 

Thus the bark should have as high as possible level of total 
alkaloids and a sufficiently high proportion of quinine to 
allow easy isolation. 

The composition of the bark has a very critical influence on 
the economics of processing. Generally C.ledgeriana is 
preferred for the isolation of quinine. Good quality 
ledgeriana bark may have quinine as high as 9 - 10\ 
(expressed as quinine sulphate, 2.H2o or SQ2) with a total 
alkaloid content of 10-12% The alkaloid content is a 
characteristic of genotype or even the individual tree. 
Trees with quinine levels as high as 18% have been report~d. 
Alkaloid content is also influenced by the environment, the 
age of the tree and soil and nutrient levels as mentioned 
above. 

All ledgeriana stocks are not necessarily equally favourable 
in their alkaloid contents and other species generally have 
much less favourable levels. For example, C.succirubra 
typically may have only 2-3\ SQ2 and a total alkaloid 
content of 4-5% (see figure 8 comparing different species). 

FIGURE 8 

COMPARISON OF QUALITY RANGES OF DIFFERENT CINCHONA SPECIES 

The analysis of different species of Cinchona fall within 
typical ranges of contents shown below (Source:Trease, 
Pharmacognasy). All figures are recorded as percentages on 
dry basis. 

Species 

C.Ledgeriana 
C.Calisaya 
c.succimbra 
C.Off icinalis 
C.Hybrid 
(Ledger&Succ) 
C.Robusta 
(Off ic&Succ) 

5.0-14.0 
3.0-7.0 
4.5-8.5 
5.0-8.0 
6.0-12.0 

6.0-8.5 

3.0-13.0 
0.0-4.0 
1. 0-3. 0 
2.0-7.5 
3.0-9.0 

1.0-8.0 
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Amor­
phons 
alka­
loids 

0.0-2.5 o.o-o.5 0.0-1.5 0.2-2.0 
0.0-2.0 0.0-3.0 0.3-2.0 0.2-2.0 
l.o-5.o o.o-o.3 1.0-2.5 o.3-2.0 
0.0-3.0 0.0-0.3 0.0-3.0 0.0-1.5 
0.0-3.0 o.o-o.o 0.5-1.5 1.0-2.5 

2.5-6.5 0.0-TR. 0.0-1.0 1.0-2.0 



Previous Analyses 

The greatest problem with the survey was the lack of 
information regarding the quality of the Cinchona trees 
grown at Kaatoan. The few analyses which could be located 
are reported below, although only of historical interest. 
The bark analysed for sale in 1971/72 almost certainly 
originated from c. Ledgeriana. The analysis indicates that 
a very acceptable quality of the specie existed at that 
period of time. 

Five analyses reported indicated a rather consistent quality 
and good ratio of quinine to cinchonidine. 

Water content 8.12 8.17 10.12 9.96 10.64 
TAA 8.45 8.45 7.60 7.87 7.87 
QAA 6.24 6.09 6.03 6.04 6.01 
Coli 0.84 0.87 0.66 0.60 0.60 
SQ2 7.53 7.35 7.27 7.29 7.26 

A further series of analyses were also located, but the 
results generally appeared to be rather poor. It is 
noticeable that most of the samples were very wet when 
analysed (dried samples sho~ld contain about 12\ water). 

The TAA contents are particularly observed to be very low 
and it may be that the results are quoted on wet bark rather 
than is normal practice on dry bark. If so, it could 
indicate some presence of reasonable quality c. Hybrid. The 
date of sampling and analysis were not reported. 

Species 

Ledger 
CL ? 

Ledger 
CLVK 

Plant 
part 

Roots 
Roots 
Stem 
Branch 

Roots 
Stem 
Branch 

Root 

2.5 
5.0 

Hybrid 
CH Stem 2.5 

Stem 7.5 
Branch 

Off icinalis Roots 
co Stem 

Branch 

Water 
content 

29.85 
36.34 
20.07 
11.03 

36.97 
27.63 
12.47 

10.37 
22.68 
28.93 
12.01 

10.97 
23.73 
10.64 

TAA QAA C0AA SQ2 

5.47 2.01 0.91 2.42 
5.21 3.28 0.58 3.95 
3.96 2.72 0.29 3.28 
4.47 3.02 0.18 3.64 

5.74 1.85 0.75 2.24 
4.27 1.89 0.38 2.28 
2.41 0.76 0.26 0.92 

9.38 1.69 3.01 2.04 
5.97 3.46 0.48 4.17 
5.66 5.17 1.29 6.24 
2.40 0.37 0.41 0.45 

8.06 4.31 1.00 5.20 
5.04 2.19 1.42 2.64 
2.33 0.32 0.77 0.39 

Irrespective of whether calculations are correct or not, it 
is concluded that the c. Ledger Variety Kartamanah does not 
appear to be a high testing species. 
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Recent Analyses 

Samples of bark of each species were made available from 
existing stocks held at Kaataon. These were analysed by 
the traditional, commercially accepted, procedure in U.K. 
with the following results: 

Species Total alkaloid Quinine Cinchonidine 
TAA\ SQ2\ CdAA\ 

c. Ledgeriana 8.91 4.15 2.04 

c. Calisaya 6.96 2.18 1.67 

c. Off icinalis 7.24 2.45 2.98 

c. Ledgeriana, 7.61 3.39 1.62 
v. kartamanah 

c. Ledgeriana, 7.43 2.12 1.3 
v. tjinjiroena 

c. Succirubra 8.75 2.7 2.63 

c. Hybrida 8.14 2.25 2.23 

C. Ledgeriana, 9.03 1.56 2.68 
(small twigs) 

These r~sults were most disappointing. It was noted that 
the moisture content was very high in the region of 30\ and 
the possibility was considered that some deterioration might 
have taken place because of inadequate drying. Further it 
was understood that this bark was primarily from dead or 
diseased trees of indeterminate ages. Therefore further 
samples, freshly taken from trees of known ages, wer~ 
obtained. 

Results available thus far are as fol 1 ows: 

Species AqeCyrs} TAA Cd AA 

c. Ledgeriana 8 8.9 2.3 

c. Ledgeriana 11 7.35 1.6 
Kartamanah 

c. Succirubra 11 8.90 3.4 

While the results for C.Ledqeriana represent a 
improvement on the earlier samples the other 
broadly similar. 

6.8 

2.8 

1. 75 

significant 
results are 

Thus the present indications are that only c.Ledgeriana is 
likely to be economically viable for processing. This 
reduces, very substantially, the size of plant which can be 
sustained. Considering only c. Ledgeriana bark the 
projections are summarised in Table 3. 
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Table 3 Bark &nd harvest schedules(C.Ledg.) 
------------------------------------------------------------------------
Year 1970 1971 1972 1973 1974 1975 1976 
------------------------------------------------------------------------
Planted: 
C.Ledg 28880 48740 59700 14000 17200 6500 310 

(est.) 
Survived: 1977 1978 1979 1980 1981 1982 1983 
------------------------------------------------------------------------
C.Ledg 15360 25881 31701 7434 9133 3452 165 

Bark/tree 
C.Ledg 3.01 2.84 2.68 2.53 2.39 2.25 2.08 

1990 bark 
available 46 74 85 19 22 8 0 
harvested 46 :_,4 

1991 bark 
available Zl 90 20 23 8 0 
harvested 21 79 

1992 bark 
available 12 21 24 9 0 
harvested 12 21 24 9 

1993 bark 
available 0 
harvested 0 

Survive 
coppicing 107~2 18117 22190 5204 6393 2416 115 
2nd cycle 
1997 bark 12 15 
(total 2·1) 
1998 bark 5 22 
(total L."/ ; 
1999 bark 3 6 7 3 0 
(total -~ l I 
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Tablt: 3 Bark 8nd harvest schedules(C.Ledg) 
------------------------------------------------------------------------
Year 1977 1978 1979 1980 1981 1982 1983 

------------------------------------------------------------------------
Planted: 
C.Ledg 25570 28350 101825 15600 23380 72675 75500 

Survived: 1984 1985 1986 1987 1988 1989 1990 

13578 15054 54069 8284 12415 38697 40091 

Bark/tree 
C.Ledg 1.93 1.79 1.66 1.54 1.40 1.27 1.15 

1990 bark 
available 2€ 27 90 13 17 49 46 
harvested 

1991 bark 
availablf: 28 29 97 14 19 54 51 
harvested 

1992 bark 
available 31 34 104 15 21 60 56 
harvested 31 3 

1993 bark 
available 33 112 16 • 22 64 62 
harvested 33 67 

1994 bark 
available 49 17 24 69 67 
harvested 49 17 24 10 

1995 bark 
available 64 72 
harvested 64 36 

1996 bark 
available 39 
harvested 39 

Survived 
coppicing 9!104 10!,Jij 37848 5799 8690 27088 28063 
2nd cy~Je 
1~9~ r.:•rl! 11 
{ lC>;,;:,;. ;, j j 

~000 bark !l 26 
( tCtta l 37) 
2001 bark 18 7 10 4 
(total 39) 

I 
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T;;b lt: 3 b~ r~: ;;rid ~.&rvt:st schedul~stC.Ledg.) 

- - - - - - - - - - - - - - - - - - - - - -- - - - -- - - - - - - - - - - - - -
1984 1985 1986 1987 1988 ------------ ----------------------- --

Planted: 
C.Ledg 15872 115431 100040 41043 53547 

Survived: 1991 1992 1993 1994 1995 

8428 61294 53121 21794 28433 

Barlt/tree 
C.Ledg 1.15 1.15 1.15 1.15 1. !5 

1991 bark 
available 10 
harvested 

nnn bark 
available 11 70 
harv,·sted 

rn9J bark 
available 12 78 61 
harvested 

1994 bark 
available 13 86 67 25 
harvested 

1995 bark 
available 14 94 74 28 33 
harvested 

1996 bark 
availabie 15 102 82 31 36 
harvested 15 46 

1987 bark 
available tiO 88 34 40 
lnd cycle . ~...., ,_ . 
harvested ;-.. "/ 13 

1988 bark 
available 81 36 44 
2nd cycle 27 
h&rvested 100 

1889 bark 
available 9 :;;;-1 47 
2nd cycle ., 1 ..... 
harvested 9 "/i) 21 

2000 bark 
available 51 
2nd cycle 37 
harvested 88 
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This indicates that an offtake of at least 100 tonnes/annum 
can be sustained and considerably more would be possible 
by 1997 given a satisfactory planting programme. A further 
immediate consequence is that only c. Ledgeriana should be 
planted at least until a more detailed analytical survey has 
been completed. It is not clear whether seed supply might 
become a limiting factor in the short term. In the longer 
term a programme of selection and reproduction by meristem 
culture should be undertaken 

4.3. Expansion of Plantation Area 

4.3.1 Land Availability 

A proposed area of 8625 ha has been earmarked for future 
expansion. This is located on the plateau above the present 
plantation at more than 1500m. 

The edge of this area was visited and it ~oes appear to be 
highly suitable for cinchona, in that there was a profusion 
of wind-blown natural seedlings on the forest floor and even 
on rotting logs and stumps. Young 'wild' seedlings are 
often collected and added to the nursery stock. This 
practice, of course, increases the probability of using 
genetically poorly defined planting material. 

There is also interest in establishing 
was stated that up to 100 growers might 
2-3 hectares each of cinchona. Clearly 
of land for the establishment of 
planta~ion and processing operation. 

4.3.2 Planting Material 

Present Situation 

small-holders and it 
be expected to plant 
there is no shortage 
a viable cinchona 

As indicated previously the commercial quality of the bark 
is determined by its quinine content and the ratio of 
quinine to other alkaloids. This in turn is determined by 
the species and ultimately by the genetic make-up of the 
individual trees. 

The indication from the limited amount of analysis so far 
carried out are that only c. Ledqeriana is of significant 
commercial value. This is precisely in line with experience 
elsewhere. 

Therefore it is strongly recommended that future planting be 
confined to c. Ledgeriana only, at least until a more 
detailed analytical survey has been completed. 
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4.4 Future Development 

4.4.1 Analysis of bark 

The first priority should be to carry out a much more 
detailed survey of the quality of bark currently available. 
This requires setting up suitable analytical procedures. 

There are three ana · lCal procedures to be considered:-

(i) The traditional 'wet' chemistry procedure involving 
solvent extraction of the bark, measurement of total 
alkaloids by filtration, isolation of quinine and 
cinchonidine as tartrates and determination of the 
ratio of these two alkaloids by optical rotation. 
This gives precise results for quinine and 
cinchonidine and id the recognised method used 
commercially to determine the value of bark. It is 
however inconvenient, time consuming and requires a 
skilled and patient analyst. It also requires a 
minimum of about 20g of dry bark. While it would be 
desirable to have this capability in the laboratory 
associated with any proposed processing factory, it is 
not really suitable for a screening programme 
involving a large number of small samples. 

(ii) High performance liquid chromatography (HPLC). 

This gives quantitative data for each individual 
alkaloid and is therefore the most comprehensive and 
useful procedure. The equipment however, is rather 
costly. 

(iii) Fluorimetry 

This is a relatively quick and 
involving measurement of quinine 
fluorimetrically in an extract. 

easy 
plus 

procedure 
quinidine 

This is an ideal procedure for screening a large 
number of trees. The ratio of quinine to quinidine is 
more or less constant within a particular species. 
Thus a factor can be established by one of the other 
procedures and f luorimetry used for rapid analysis of 
a large number of small samples. 

4.4.2 Clonal Selection 

The objective would be to f lnd individual trees with high 
quinine yield ootential. Screening procedures, based on 
estimates of bark weight and quinine content of bark samples 
have been worked out in detail elsewhere. 
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4.4.3 Proeagation 

The usual pr1 dures of vegetative propagation using stem or 
leaf cutting~ are not generally very successful with ~ 
Ledgeriana. ~ further problem is that only a limited number 
of suitable cuttings can be taken from a selected tree at 
any one time. Thus either a large number of selected trees 
have to be available or a very long timescale must elapse 
before plants can be produced in commercially useful 
quantities. 

Grafting of good L.edgeriana scion~ onto vigorous Succicubra 
rootstock has been used successfully on a commercial scale, 
particularly in Indonesia. While this technique might 
ultimately prove to be valuable at Kaatoan especially as a 
means of regenerating older areas planted with unwanted 
species the same limitation of availability of sufficient 
high quality material in a reasonable time remain. 

To overcome this problem the technique of meristem culture 
can be adopted. This technology has been su=cessfully 
demonstrat:ed for cinchona. In principle a single meristem, 
given appropriate tissue culture techniques, can give rise 
to up to 250,000 plants per annum. The first plants are 
ready for field planting about 9 months after commencement 
of the operation. Thus it is possible to obtain virtually 
unlimited supplies of plants from a single selected clone. 
Although not so far used commercially with cinchona similar 
procedures have proved highly successful with a number of 
other ~rops. 

Tissue culture facilities already exist at a number of 
establishments in the Philippines. However it would be 
virtually essential tc set up a facility specifically for 
cinchona reasonably close to the plantation. Only in this 
way would it be practicable to establish a reliable supply 
of plants on a large scale. 

4.5. Summarv of recommendations for F1ture Development of 
the Plantation 

4.5.1 Pl~nting Material 

(1) Immediately limit new planting to C.Ledgeriana only 

(2) Establish methods for routine analyses of large nurnbP.rs 
of bark samples from individual trees 

(3) Undertake a screening programme to select 
existing C.Lerlgeriana stock a series of clones 
quinine content and high bark yield 

from 
with 

the 
high 

(4) E~tablish a tissue culture facility, 
Mal~ybalay and develop rneristern culture as -
large scale propagation of selected clones 

preferably at 
the .. ,.. for 

(5) Undertake planting/development p.L •J :.i•:amrne based 
principally on selected clones 
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4.5.2 

(6) Undertake a long term breeding programme to improve the 
stock with respect to yield, vigour, disease resistance and 
quinine content 

(7) Establish and maintain a complete germplasm 
collection of all species, variants and cultivars available 
to serve long term breeding needs 

Agronomic Research 

(1) Assess benefit of more costly methods of raising and 
planting procedures 

(2) Assess benefit of fertiliser application at all stages 
of growth relating this both to bark yield and quinine 
content 

(3) Define conditions and cultural practices to minimise 
the impact of fungal diseases 

(4) Establish economically optimum age of harvesting under 
Kaatoan conditions 

4.5.3 Technical Assistance 

If required technical assistance c.:nd training can be 
provided to support any of the foregoing proposals. 

4.6 Use of other domestic raw materials 

Consideration is given here to the possible use of other 
domestic raw material and by-product which would contribute 
towards cost savings in processing. 

(a) ptilisation of wood fuel for steam generation 

It is possible that the waste wood from the Cinchona trees 
could be utilised in the place of bunker fuel to fire the 
steam boiler. 

A ratio of 8:1 in respect of wood to bark is found in 
mature Cinchona trees. Consequently for each l,OOOkgs of 
bark harvested there is available 8,000kgs of fuel wood. 
Assuming this is sun dried to 18% moisture and the 
calorific value is estimated at 3,850 Kca~s/kg •then heat 
availability - 8,000 x 3,850 = 30.8 x 10 Kcals for every 
1,000kgs bark processed. 

This figure has not been determined but is a 
conservative estimate which may be compared with other 
potential fuel woods such as Agoho (Casuarina Spp) rated at 
4,950Kcals/kg, Kakawate (Gliricidia sepium) at 
4,900Kcals/kg and Kamachile (Pithecollobium dulce) at 
5,200/5,600Kcals/kg. 
Both of tlic ab-we ;..l.i':l'J~ ... Lions fvL pu:..::..i.ulc sa v .im;j;.;, have not 
been proved in practice and this would need to be dnne. The 
possibilities have been ignored in financial calculations. 
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HEAT BALANCE FOR PROCESSING OF 1,000 KGS. CINCHONA BARK. 

Units in millions kilocalories. 

Fuel 

2.54 

Steam Heat losses 
boiler chimney etc -------
1.65 

I 

Steam to process 
total 

1.633 

I 
I I I 

Toluene Solvent Acid-
distln. recovry toluene 

extract 

0.605 0.444 0.026 

Figure 9 
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, .. 

0.89 

I 

Hot water 
heating 

0.017 

l 
Drying 

0.227 

Misc 
heat 
loss 

0.331 



Comparing with the heat balance (figure 9 ) determined for 
processing (a requirement of 2.54 x 106Kcals per lOOOkgs 
bark) it can be seen that only 8.25% of the wood would 
satisfy the need, leaving exce5s for possible sale as fuel 
wood or for other purposes. Even if it was decided to 
still use bunker fuel at the processing plant, the wood 
might in entirety be a source of income as fuel wood. No 
actual value could be put on the wood as fuel, the only 
reference being bundles of firewood (of unspecified weight) 
selling at PS per bundle locally in the Lantapan area, each 
bundle ~omprising 10 pieces, each 24 inches in length. 
Obviously a value could be determined locally. 

This wood, if suitable for fuel, could contribute to the 
considered need for fuel wood in the region (see Farmers 
Diges~, Bukidnon, April 1989, article by Dr Maximino 
Generalao, DENR). 

(b) Utilisation of spent bark Cmarcl as fuel and lime 
source 

Calculations indicate a further possibility that the spent 
mare from extraction could also be sun dried to 18% 
moisture and also used as boiler fuel satisfying 50% of the 
fuel needs. 

Additionally, the lime could be recovered in the ash and 
possibly also be re-·used. Again this is only a speculative 
suggestion and the actual heat availability has only been 
estimated. 

4.7 Inputs 

This section deals with the input of 
(1) Cinchona bark and use of meristem tissue culture 
(2) Energy and utilities requirements 
(3) Chemical additives 

Labour inputs are dealt with in section 8. 

4.7.1 Cinchona bark value and cost 

As an input Cinchona bark is considered differently for the 
two situations to be investigated in financial projections. 

For a processing only unit, it is assumed that the bark will 
be sold to the processing unit at the price it would 
normally be expected to command on the open market. This 
price depends on the quinine (SQ2 ) content and the 

relationship of quinine to cinchonidine. From experience 
scales of charges fair to the prccessor and the grower can 
be suggested although most experience is with good quality 
barks and where the quinine level is low the value drops 
dramatically. There is, of course, a point where processing 
becomes entirely uneconomic. For the conditions of 
processing in the Philippines such a breakeven point will be 
calculated and reported later. 
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These prices relate to the grower selling to a processor. 
In the case of an integrated growing/production company 
either internal prices can be used or supplied at ccst. 

Suggested Scale of Payments to Growers based on S02 
content of Barks (for non-integrated processing o~ration or 
on open market) 

%SQ2 content 
of bark 

<3.0% 
3.0% 
4.0% 
5.0% 
6.0% 
7.0% 
8.0% 
9.0% 

10.0% 
11.0% 
12.0% 
13.0% 

% of market 
of pure SQ2 

not normally 
30 
31 
32 
34 
35 
37 
38 
40 
41 
43 
44 

price 
(set price) 

acceptable 

P Value of bark 
at SQ2 prices 

P1520 P1763 
US$ 70 US$ 80 

0 0 
13.68 15.62 
18.85 21.53 
24.32 27.78 
31.01 35.42 
37.24 42.53 
45.00 51.39 
51.98 59.37 
60.80 69.44 
68.55 78.29 
80.26 91.66 
86.94 99.29 

These are also represented in graphical form (figure 10). It 
will be observed that the curve is not entirely smooth but 
some what stepwise. This is to take into account to some 
extent known ratios of other alkaloids at various SQ2 
levels. It cannot cover all eventualities and occasionally 
the value of an individual bark of unusual analysis might 
need separate evaluation. 

The value of the bark should also be calculated from the 
aspect of cost of growing to reach an economic minimum from 
the growers point of view. Such is difficult to calculate 
for much of the initial croppings which would be used to 
feed the processing unit in the early years. 
To evaluate the quality of a co~signment of bark for sale it 
is necessary to sample the lots. 

Bark sampling 

It should be emphasized that the individual species 
barks should be stored separately for analysis and 
stem, branch and root preferably separated. 

of 
even 

If the bark is to be sold to 
necessary to execute an 
experienced sampler and 
independently analysed. 
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It is general practice for the grower and purchaser to 
receive and analyse themselves such samples. If agreement 
is not observed than the sample held by the arbitrator 
should be analysed by an independent international 
analytical organisation on which, assuming the bark quality 
is generally satisfactory and acceptable, the final analysis 
is accepted by both parties. The seller may also request 
that even the purchasers sample be analysed by international 
analyst. 

This procedure is rather expensive, but essential if bark is 
to be shipped long distances overseas. 

In fact the best place to analyse the bark content is in the 
final acid extract (together with a check that the extracted 
bark contains no essential level of unextracted alkaloids). 
Such a process could certainly be applied in an integrated 
company and perhaps, even by mutual trust in case of close 
proximity of the buyer to seller. This method overcomes the 
very difficult problem of sampling the saleable material. 

Processing plant only - Cinchona bark price 

Pending further information on the quality of the Cinchona 
trees actually available from Kaatoan, assumptions were made 
in order to make financial projections. 

Firstly, an assumption was made that the average SQ2 of bark 
might reach 5%. This figure was also influenced by the fact 
that in other processing plants quality lower than this is 
rarely processed except in times of exceptionally high 
selling prices. 

The price used for financial projections SQPRC was P24.32 
per kilogram bark. On receiving the analyses performed on 
existing samples at Kaatoan (see section 4.2.1) a rough 
average content of the stand was calculated at 3% SQ2 . This 
figure was not used in financial projections for a 
processing only unit as it is clearly known to be 
unprofitable. 

4.7.1.1 Comments on bark valuations 

In reviewing various documents it became clear that some 
misinterpretations in the valuing of cinchona bark, and 
hence the value of the stand, have been recorded. This is 
probably due to the fact that it is not clearly understood 
that the value cf bark depends on the quinine content and 
general quality of bark. Although a price per kilvgram dry 
bark may be quoted it is usually a derived figure from the 
value of the quinine content or certainly relating to this. 

One report recorded a price of US $25 per kilogram bark. 
This was derived from the 1971 sale to Lake and Cruickshank 
Limited which referred to the price per kilogram SQ2 
content. The bark price corresponding was US $1.75. 
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A more recent estimate provided indicated a sales value of 
PlOO ($4.61) per kilogram for current harvestable bark. 
This again is clearl~t too high even for high quality bark. 

In fact most of the bark might not command any sales value 
due to low quality. 

In yet another report a price of P300 ($13.82) per kilogram 
was applied in projections. 

Figure 10 will be helpful in assessing the likely value of 
any quality cinchona bark, although it is only a guideline 
and if selling bark the ultimate price is a subject of 
negotiation. 

4.7.1.2 Raw material input costs for processing only unit 
(SQPRC 1/4) 

Only 5.0% SQ2 bark has been considered for a processing only 
unit. 

The cost price (delivered) has been taken from figure 10, 
indicating a price of P 24.32 per kilogram of bark (the 
figure corresponding to a selling price of us $70 per 
kilogram for salts). 

Raw material input cost for: 

300 m.t. 5.0% SQ2 bark p.a. = US$ 336,000 
450 m.t. 5.0% SQ2 bark p.a. = US$ 504,000 
540 m.t. 5.0% SQ2 bark ~.a. = US$ 604,000 
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4.7.2 Integrated unit 

In effect 
investment 
subsequent 
integrated 
input cost 

here the bark iriput is considered as the 
of the plantation and the harvesting costs and 
investment and overheads are charged tc the 
unit. Harvesting is essentially charged as the 

being variable with input weight. 

Re-investment in new plantation stands are treated as site 
development covering plant production, nursery, planting out 
and including plantation labour. Propagation is proposed by 
Meristem Tissue culture. Under projection SQINTl bark input 
is taken as 3\ SQ2 for SQINTl and at 5\ SQ2 for SQINT2. The 
same plan for site development is used in both cases. 

4.7.2.l Raw material input - In~egrated unit 

The raw material cost, as mentioned above, for the 
integrated unit is considered to be the 'Harvesting cost' of 
the bark and delivery. 

This cost includes harvesting labour, packing and drying 
materials, handling and delivery to the processing factory. 

A cost of P 5,000 per. metric ton was determined as 
appropriate after consulting various sources. The cost is 
directly related to the weight of dried bark harvested and 
processed and irrespective of quality. 

Cost of raw material inputs for integrated unit (SQINT 1/6) 

Processed volume Input cost 
p (US$) 

300 m.t. p.a. 1,500,000 ( 69,000) 
450 m.t. p.a. 2,250,000 (104,000) 
540 m.t. p.a. 2,700,000 (125,000) 

4.7.3 Meristem Tissue Culture 

This technique will provide the most rapid means of 
establishing a high quality stand in the shortest possible 
time. In the meantime, until established planting with c. 
Ledgeriana seeds only should be continued. 
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FIGURE 11 

PROPAGATION OF CINCHONA BY MERISTEM CULTURE 

Single shoot from 
selected tree 

IMeristem dissection Maintenance of\ 

!
Establishment of 1-~~~----4-~~~~~----istock culture 

.stock culture 

Sub-cultures ex stock 
re-subculture every 6 weeks 
Multiplication x 10 average 

t 
Sub-culturP- matured to 8 weeks 
cuttings taken to rooting 
medium -
4 Or 5 cuttings per sub-culture 

+ 
!Rooting 6-7 
+ nutrient 

weeks in peatl 

+ 
Transfer to polythene sleeve 
with soil 
Grown on 3-6 months 

t 
I Plant out in field I 
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As a prelude to any successful tissue culture work, a 
programme of clonal selection will be necessary. This 
selection will involve not only chemical analysis but also 
determination of the vigour of the trees in order to select 
a few trees of highest quality. 

current chemical analyses results suggest also that a more 
extensive chemical screening of existing trees is needed 
before any firm commitment to processing could be 
considered, and both these analysis needs could be combined 
in one programme. In both cases analysis of about 500 trees 
should be adequate. 

Basis of ~eristem Tissue CUlture 

The outline is illustrated in figure 11. A small number of 
stock cultures are established under sterile conditions by 
dissection of meristems from top quality selected trees 
using a stereoscopic dissecting microscope and culturing in 
a special medium. 

These cultures are then progressively sub-cultured still 
under sterile conditions and all growth performed in a 
temperature controlled room. Eight week old mature explants 
in the form of miniature plants with several side shoots, 
after removal from the medium, have several small cutting 
taken from each. After hormone rooting treatment, these are 
grown out in peat treated with a nutrient. Rooting is 
achieved under humidity and temperature control in a covered 
outside area. 

After successful rooting the plants are potted up in local 
soil and transferred to grow on in a nursery for 3-6 months 
before planting in the field. Although original clones can 
be preserved, it would be anticipated that ongoing 
development for continued improvement would be carried out. 
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FIGURE 11 

PROPAGATION OF CINCHONA BY MERISTEM CULTURE 

Single shoot from 
selected tree 

Meristem dissection Maintenance of 
Establishment of 1--~~~~~~~~~~--1stock culture 
stock culture 
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re-subculture every 6 weeks 
Multiplication x 10 average 
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cuttings taken to rooting 
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4.7.4 Energy and Utilities Requirements 

Fuel and Power 

1. Electricity 

Estimated installed capacity 
Consumption per 1000 Kg bark processed 
Consumption for other non extracting 
days and rest days (per day) 

Annual Consumption 

100 KVA 
96 KWH 

40 KWH 

300 MT per annum = (96 x 300) + (40 x 90) = 32,400 KWH 
450 MT per annum = (96 x 450) + (40 x 75) = 46,200 KWH 
540 MT per annum = (96 x 540) + (40 x 30) = 53,040 KWH 

2. Fuel 

a} Wood 2 m3 per 1000 Kg bark 

or 

b) Bunker fuel 300 lts per 1000 Kg bark 

3. Gas 

Caler gas for laboratory as required 
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4. Water 

Process water 2,526 lts per 1000 Kgs 
Cooling water (net) 60,000 lts 
(re-circulating) 

per 1000 Kgs 

Purified water 922 lts per 1000 Kgs 

Annual Consumption Water 
300 MT 450 MT 

Cooling Water 18,000 M3 27,000 M3 
Cooling Water (net} 1,800 M3 2,700 M3 
Process Water 757 M3 1,137 M3 
Purified Water 277 M3 415 M3 

Total Annual 2,834 M3 4,252 M3 
Consumption 

Ave. Daily Consumption 11.3 M3 17.0 M3 

4.7.4.1 Costs of Energy and Utilities 

1. Electricity 

Costs : Demand charge P18 per KVA per month 
Energy charge Pl.3 KWH 

Annual Costs 

Demand 
Energy 
Total 

300 MT 

f21,600 
f42,120 
f63,720 

or $2,936 

2. Fuels 

Costs (1) W:>od $18.4 per 
(2) Bunker fuel $36.4 per 

Annual Costs 
300 MT 

(1) Wood $ 5,520 
(2) Bunker Fuel $10,920 
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450 MT 

f21,600 
f60,060 
f81,660 

$3,763 

1000 Kg 
1000 Kg 

450 

bark 
bark 

MT 

$ 8,280 
$16,380 

bark 
bark 

bark (St) SQ2) 

540 MT 

32,400 M3 

3,240 M3 

1,364 M3 

498 M3 

5,102 M3 

20.4 M3 

540 MT 

f21,600 
f68,952 
,90,552 

$4,173 

(carriage only) 

540 MT 

$ 9,936 
$19,656 



3. Gas 

Calor Gas (Laboratory) - estimated $ 400 

Total Fuel and Energy 

Throughput 

300 MT 
450 MT 
540 MT 

4. Water 

Costs 

Fixed 
Variable 

, , 
Annual Costs 

Consumed Water 

5. Chi led Water 

Estimated cost for 
production 

6. Effluent Disposal 

26,100 
2.2 per per M3 

300 MT 

, 32,335 
$1,490 

300 MT 

$ 759 

450 MT 

, 35,454 
$1,634 

450 MT 

$ 1138 

Annual cost (max) 

$14,256 
$20,543 
$24,229 

540 MT 

, 37,324 
$1. 760 

540 MT 

$ 1326 

No costs for 
performed on 
manufacture 

disposal established. Treatment to be 
site and costs included in general 

Total Costs USS 

Energy &.Fuel 

Electricity 
Fuel 
Gas 

(Using Wood Free) 

Utilities 

Water/Chilled water 

300 MT 

2,936 
10,920 

400 
14,256 

(8,856) 

300 MT 

~,249 

!: 1 

450 MT 540 MT 

3,763 4,173 
16,380 19,656 

400 400 
20,543 24,229 

(12,443) (14,509) 

450 MT 540 MT 

2,772 3,086 



4.7.5. Chemical Inputs 

Chemical inputs are devided into two groups and have to be 
extended in relation to tbe processing inputs. 

One group of chemicals vary directly with the Cinchona bark 
throughput, while a second group vary with the alkaloid and 
quinine content. 

4.7.5.1 Unit Chemical Costs 
Delivered price 

Unit Malaybalay 

p us $ 
Toluene lt 16.40 0.7558 
Lime Kg 2.71 0.1248 
Sulphuric Acid tech Lt 14.80 0.6820 
Sulphuric Acid Pure Lt 16.20 0.7470 
carbon Kg 45.80 2.1100 
Dicalite Kg 13.71 0.6220 
Sodium Hydroxide Kg 15.05 0.6936 
Ammonia Lt 7.50 0.3460 
Hydrochloric Acid Lt 37.20 1. 7140 

All chemicals are currently inported into the Philippines 
(with the exception of lime and sulphuric acid) and prices 
include duty and tax paid plus freight charges to Cagayan do 
Oro City. 

Delivered prices include road transport to Malaybalay. 
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4.7.5.2 Chemical Costs - relative to throughput and quality 

1. Per 1000 Kgs Bark, 

Total Cost 
Delivered 

Malaybalay 
Unit Cost Unit Price 

origin 

Import 
Import 

Import 

Local 
Local 

Chemical 

Toluene 
Sodium 

Hydroxide 
Charcoal 

Lime 
Sulphuric 
Acid tech 

Total 

Quantity 

45 lts 
70 Kgs 

6 Kgs 

300 Kgs 
30 Lts 

2. Per 1000 Kgs SQ2 

Import 
Import 
Import 
Import 

Import 

Ammonia 
Carbon 
Dicalite 

* d" So 1um 
hydroxide 

*Hydrochloric 
Acid 

183 lts 
65 Kgs 

130 Kgs 
350 Kgs 

182 Kgs 

Local Sulphuric Acid 75 lts 
pure 

US$ 

0.7558 
0.69360 

2.1100 

0.1248 
0.6820 

(62.0% foreign) 

0.3460 
2.0950 
0.6320 
0.6976 

1. 7140 

0.7470 

Total (93. 4% Foreign) 

US$ 

34.01 
48.55 

12.66 
95.22 sub 

37.44 
20.46 
57.90 Sub 

153.12 

63.30 
136.20 

82.10 
242.80 

312.00 

836.40 Sub 

56.00 Sub 

892. 40 

* Although local material available quality is not satisfactory 

Calculations are based on the chemical unit costs qu.oted 
under 4.7.5.1 

Chemical production costs for different levels and qualities 
of bark 

Chemicals input cost is based on 2 functions:-

(1) actual bark weight input, and 
(2) quantity of intermediate bisulphate isolated for 

processing to salts. 

In this latter case, the quality of intermediate bisulphate 
is essentially consistent at this stage of processing and 
the yield of finished salts from it constant. Thus for 
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calculation purposes and ease, costs have been recorded (as 
above) relative to the finished salts output. 

The losses which are mainly experienced relate to the first 
stage. Here output of intermediate bisulp~a~e does not 
always relate directly to the percentage quinine content. 
For cinchona barks with 5 per cent SQ or more output will 
be roughly in line with ~rcentage conlent, but below 3 per 
cent SQ2 the levels of othar alkaloids is found generally to 
be relatively high and this dramatically will reduce the 
percentage output of intermediate quinine. 

For 3 \ so2 bark the overall vield of salts which can be 
isolated corresponding to so£ charged will only be 51.7% by 
weight 

Chemical input for processing 300 m.t. of 3% SQ£ 
yielding 4.654 m.t. SQ2 as salts :-

bark 

1) 
2) 

JOO m.t. x US$ 153.12/m.t. = 
4.653 m.t. x US$ 892.40/m.t. = 
Total chemical input cost 

Proportionately:-

Input 3% SQ£ bark 

450 m.t. 
540 m.t. 

output soi 

6.980 m.t. 
8.375 m.t. 

US$ 45,936 
USS 4,153 
US$ 50,089 (64\ for~~gn} 

C.hemical input cost 

US$ 75,134 
US$ 90,159 

For 5% so2 bark the overall yield of salts which can be 
isolated c~rre~ryonding to soi-=c=h=a~r_g~e~d=-::w~i~l~l=-~be==~=8=5~-~o~''--~b~v 
weight 

Using the same calculation the chemical inputs are recorded 
as :-

Input 3% SQ2. bark Output SQ£ Chemicai input cost 

300 m.t. 12.750 m.t. US$ 57,314 (68% foreign) 
450 m.t. 19.126 m.t. US$ 85,972 
540 m.t. 22.950 m.t. US$103,166 
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4.8 Plant capacity 

4.8.1 Extraction Plant capacity 

In the previous section the immediate and sustainable levels 
of raw material have been dete~ined. The most pessimistic 
out-turns have been determined and will be used for economic 
evaluation purposes. The yields from branches have been 
included in the evaluationin later years (6 onwards) ~f 
processing, and could amount to an additional 15-20\ weight 
of supply. 
Thus an input for the first year of processing has been set 
at 300 metric tons, the subsequent 4 years at 450 metric 
tons each year, and then increasing to 540 metric tons per 
annum. Subsequent processing could be increased to 650 tons 
per year without any additional equipment needing to be 
installed. It must be pointed out that the throughout or 
capacity of an extraction plant is controlled by the weight 
of bark to be processed. The output of the plant on the 
other hand, is determined by the alkaloids content of the 
bark, and the yield of isolated quinine on the level of 
quinine content and its relationship to the levels of other 
alkaloids, especially the ratio of quinine to cinchonidine. 
The size of extraction plant selected is one capable of 
processing a maximum of 650 metric tons/700 metric tons per 
annum on ~ 250 day per year, 3 shift basis. 

Although the most economical situation, it would not be 
proposed in the first years to operate on a full 3 shift 
basis, but on a 16 hours, 2 shift day. Apart from the 
possibility of increasing bark through put by operating on a 
3 shift basis the design of the extraction building has been 
determined such that a second extractor, together with 
associated condensing system could be readily installed at 
minimal expenditure, but for any level a~ove 450-500 metric 
tons per annum an early decision would need to be taken 
regarding the Cinchona planting program. 

4.8.1.1 Extraction yields 

As previously indicated, production level is described as 
throughput of bark but output is governed by the quality of 
the bark. The outp•.it is determined by the quinine content 
of the bark and the yields of (1) extraction, (2) isolation 
and refining, a11d (3) salts production. 

The extraction yield i~ considered here being variable with 
both total alkaloid content of the bark and the quinine 
content of the bark. This is due to the fact that within 
finite time all alkaloids ca~~ot ba extracted from the bark 
and an essentially constant w.?ight of residual alkaloids 
remains in the mare for each charge. This residue contains 
essentially the same ratio of alkaloids as the original 
bark. The effect on the quinine yield is illustrated in the 
table below based on some typical bark analyses and the 
overall picture is depicted in the graph (figure 12 ) 
reported in terms of SQ2 which is the content of economic 
importance. 
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Effect of different bark contents on extraction yield 

Bark 
CQntent Extraction 
TAA SQ2 TAA TAA TAA QAA QAA QAA (or 
content content in loss yield \ in loss yield \ 

charge charge SQ2) 

13.5\ 12\ 135 2 98.5 99.4 1. 78 98.2 
8.7\ 6\ 77 2 97.4 49.7 1.56 97.2 
5.0\ 3\ 55 2 96.4 24.9 1.09 95.2 

N.B. These figures are based only on c. Ledgeriana barks where 
the ratios of other alkaloids are relatively low. In the 
case, for example, of c succirubra which might have a 
content of TAA 8.75\SQ22.63\ the actual extraction 
efficiency relative quinine would be higher at 97.7\ 
because most material left behind would be other alkaloids. 
The large losses occur at the next stage. 
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Figure 12 
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4.8.2 Refining Plant Capacity 

The refining section of the processing plant is determined 
partly by the level of total alkaloids in the bark, partly 
by the level of quinine in the bark and finally the actual 
mode of refining employed for isolation of pure quinine. > 
level of flexibility can be built into the plant design as 
is necessary for a possible variable input feed. 

The first intention will be to isolate a large proportion of 
essentially pure quinine together with a lower quality 
mixture of Cinchona alkaloids. 

Quinine is marketed normally as quinine sulphate (40%), 
quinine hydrochloride (40%), quinine alkaloid (lOt) and 
others, principally quinine bisulphate, quinine 
dihydrochloride and small quantities of quinine ethyl 
carbonate ("tasteless quinine") excluding any as raw 
material for quinidine production. This can be in the form 
of "technical" quinine bisulphate, quinine sulphate or 
quinine alkaloid depending on the manufacturers choice. For 
in house production undried technical quinine bisulphate is 
the input material of choice but is inappropriate as a sales 
product. 

It is not recommended to prepare a full spectrum of quinine 
salts, certainly until a higher level of quinine production 
materialises 

The choice is to produce a high quality quinine bisulphate 
and a pure (BP, USP) quinine sulphate. and quinine 
hydrochloride. Dihydrochloride could be incorporated for 
domestic injectable material if desired as levels forecast 
for use in the malarial program are not high. 
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In addition some production will result of mixture of 
quinine, cinchonine, cinchonidine and quinidine which may be 
considered of essentially no value. Consideration could be 
given to utilisation of this as a "poor man's quinine" to 
alleviate suffering in the very poor, if indeed any shortage 
does exist. 

4.8.2.1 Refining and salts yields 

The final yield of quinine salts is determined by three 
individual yields. 

1) Acid ex~raction efficiency yield 
2) Yield of isolated processable quinine bisulphate 
3) Yield of salts from quinine bisulphate 

1) The acid extraction yield is essentially 100%. Some 
acid extract will always be entrained in the toluene layer 
but this toluene is re-used for extraction of a subsequent 
charge and recovered in this manner. 

2) This is the most crucial stage and that at which most 
"losses" occur. The overall isolated yield is dependent on 
the quality of the input bark, especially the relationship 
of qu1n1ne to cinchonidine. The larger the quantity of 
cinchonidine the lower is the isolated yield of quinin~ 
which may be realised. There is no easy formula available 
to determine what yield is achievable, but experience 
indicates that for barks of 5%SQ2 or more the realisable 
yield of quinine bisulphate will be in the order of 85-88%, 
when the ratio of quinine:cinchonidine does not exceed 
about 4:1. In contrast, a bark of only 3%SQ2 and ratio of 
quinine to cinchonidine of 2:1 might only produce isolated 
quinine in a yield of 51.7%. Quality is very crucial. 

3) The yield of salts from intermediate bisulphate is 
consistent subject to the quality of the intermediate and 
records at 98% calculated in terms of SQ2 . In the case of 
quinine sulphate this is a direct yield, but in the case of 
quinine hydrochloride involves a re-cycle of alkaloid, the 
direct yield being in the order of 70%. 

4.8.3 Future processing of quinine 

4.8.3.1 Pharmaceutical preparations 
The proposal considers only the production of bulk quinine 
salts. Processing could be taken further by either making 
pharmaceutical preparations of quinine as tablets or 
injectable solutions, or by chemical conversion to 
quinidine. The former has not been included, as firstly the 
volume is not high and it is debatable whether it would be 
worth the investment involved. In any event, there is an 
adequate capacity, certainly for tabletting and also 
probably for the volume of injectables which might be 
considered, available at existing pharmaceutical houses in 
the Philippines. Finished preparations could be ~ade on a 
custom basis. 
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4.8.3.2 ouinidine 

Although the main area of expansion for the sale or 
utilisation of Quinine is in the field of chemically 
processing quinine to quinidine it is not recommended that 
such sbo~ld be considered in the initial phase of utilising 
Cinchona bark. In the first place the level of available 
quinine suitable for conversion would be rather low to 
justify the investment and technology cost. Secondly, 
experience in the field of processing cinchona shoulG be 
done in a progressive manner so as not to overextend the 
capabilities of the plant personnel who will be quite new to 
this techraology. ~t might, in fact, be best not to set up a 
dedicated unit for this conversion but to consider it as a 
production for a multipurpose chemical plant. 

4.9 Production Programme 

Production programmes are based principal~y on the 
throughput of Cinchona bark and this is governed by 
availability. The detailed work programme in the refining 
section depends upon the quinine content of the bark and 
that for salts production is drawn up on the basis of the 
quantity of qu~nine bisulphate isolated and suitable for 
processing. 

The actual procedure adopted for the isolation of the 
quinine bisulphate is partly determined by the levels of the 
various Cinch~na ~lka~oids. 

For the first year· a bark input of 300 metric tons is 
programmed.· .. 

No. of batches of 1.0 metric tons 
. Normal cycle per 2 batch 

From cold start for 1 batch 
No of working days per annum 

= 300 
= 16 hours 
= 9 hours 
= 240 days 

1',or training and gaining experience it is proposed 1 batch 
per day be processed for a approximately 24 weeks and then 
start 2 shift working to process two batches per day. 

During the second ye~r a production level of 450 is proposed 
as appropriate to the raw material supply and could occupy 
the plant, on 2 shift working of 225 days. 

Above 480 metric tonnes per annum it is necessary to 
introduce the third shift. 

If resistance to 3 shift working existed then the 
installation of the second extractor would have to be 
considered for higher throughputs, but would, of course, 
reduce profitability as well as disrupting production during 
installation. 
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4. 9. 1 PROuUCTION PROGRAMME SCHEDULE 

FIRST YEAR PRODUCTION SCHEDULED AT 300 MT 

ltlEEKS 

1-24 

25-26 
27-44 

45-52 

THROUGHOUT 

120 MT 

Rest Period 
180 MT 

Rest/'l'raining/ 
Additional 
production period 

REMARKS 

Day Shift 
1 MT ( 1 batch) 
per day 
New Crew Start 
Training Week 18 

2 Shift 
2 MT (2 batches) 
per day 

Additional 
production 
possib1e if 
branch bark 
harvested 

Total Scheduled Annual Production 300 MT ls used in Financial 
Calculati.:ms 

' 
SECOND YEAR PRODUCTION SCHEDULED AT 450 MT 

WEEK 

1 -24 

25-26 
27-47 

48-52 

THROUGHOUT 

240 AT 

Rest Period 
210 MT 

Rest/maintenance/ 
additional 
production 

REMARKS 

2 shift 
2 MT (2 batches) 
per day 

2 shift 
2 MT (2 batches) 

per day 
Additional pro­
duction possible 
if branch bark 
harvested up to 
to total 480 MT. 

Total Scheduled Annual Production 450 MT is used lr. Financial 
Calculations. 

91 



SUBSEQUENT PRODUCTION LEVELS 

Increase of production level proposed for later years at 540 metric 
tonnes (indeed, anything in excess of 480 metric tonnes) per annum 
would involve the employment of a third shift (24 hour working). 

It is considered that the level of 540 metric tonnes per annum for 
planning purposes might be best considered in the sixth year of 
production. If the branch barks were stripped and stored fr0m the 
beginning of harvesting the level could probably be increased to 
600 metric tonnes per annum in the 9th year but this latter 
variable has not been included in the financial projections. 
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5. 

• 

Location and Site for Processing Plant 

The selection of a site may be partly determined on the 
basis of evaluation of financial factors such as land costs, 
transportation costs and infrastructure costs. However, 
other factors have to be taken into consideration which are 
more of a question of judgement. Such are staff 
availability, attraction to the area for managerial and 
technical staff and housing. All such factors must be taken 
into account to make the most satisfactory selection. 

There is, in any event, always a strong case for erection of 
the processing plant as close as possible to, though rarely 
at, the plantation site for the most significant 
transport costs usually relate to that of delivering the 
Cinchona bank. 

These is an additional advantage in that necessary 
laboratory facilities at the processing plant can be 
employed for analysis work important in improving plant 
specie selection and development and possibly also housing 
any high technology tissue culture laboratories which might 
be considered. 

A variety of possible sites for a processing plant were 
briefly visited, or located, from Kaatoan until Cagayan de Oro 
City. Installation of a processing plant at the plantation 
must be excluded largely in view of service and road infra­
structure and the possibility of the processing unit being 
an independent venture from the plantation aspect. 

The sites under consideration are in the vicinity of 
Lantapan, Malaybalay and Cagayan de Oro City the respective 
d~stances from Kaatoan being indicated in the table below. 

Road mileages between potential sites and towns (in Kms) 
(see location map figure 13) 
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ICeetoen Lent•p•n Lentepen l•ntepen Ille l eybe l y Cegeyen 

Town •enulupi lencud de Oro 

ICeetoen x 10 22 30 37 136 

L•ntepen Town 10 x 12 27 27 126 

Lentepen(Renelupi) 22 12 x 13 15 117 

Lentepen(lencud> 30 27 13 J[ 18 117 

"•hybeley 37 27 15 18 x 99 

C•t•Y•n de Oro 136 126 117 117 99 x 

Note: Three (3) proposed sites in Cagayan de Oro City at (1) 
cuguan (2) Baloy and (3) Agusan all in essentially same 
vicinity along highway. Only the areas available and land 
prices vary. 

The distances between areas are significant for 
determination of transportation costs and also for possible 
commuting of senior and technical staff who may prefer to 
reside in a larger community. 

Populations of the areas are: Cagayan de Oro 
(320,000), Malaybalay (60,000) and Lantapan (24,000). 

5.1 Factors to be taken into account in site selection. 

5.1.1 Local Services and Infrastructure 

City 

Electricity is available at all sites although care would 
have to be taken in specification of electrical equipment as 
some areas are quoting a 60 cycle supply whereas Cagayan de 
Oro claim 50 cycles.(This is believed to be a printing error) 

Water supply, although variable, exists at, or relatively 
close to all sites·. In the Lantapan areas use of river 
cooling water would be considered. In any event water re­
circulation and recovery equipment are included in factory 
equipment lists and water requirements are quite modest. 

Telecommunication might be difficult. at some sites but is 
not a serious drawback. 

Road access to all sites is essentially good except that for 
the Lantapan sites some short access roads would need to be 
laid. 

5.1.2 Effluent disposal 

This will be dealt with in more detail under Project 
Engineering but the design of the plant would be such that 
effluent disposal should not be a problem at any of the 
sites considered. (see 6.9) 
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5.1.3 Labour availability 

Labour covers a range of skills from guards, general 
labourers to plant operators with a reasonable education and 
intelligence. The latter, in particular, might be more 
available in the larger towns of Malaybalay and Cagayan de 
Oro City. The numbers required are not large and as, in any 
event, good training must be given in-house, such staff 
could be available in the Lantapan districts. 

5.1.4 Managerial and technical staff 

Managerial and technical staff would certainly only be 
available from the larger towns of Malaybalay and especially 
Cagayan de Oro City. Commuting from Cagayan de Oro City to 
~ites outside ~f this area would not be realistic. However, 
commuting from Malaybalay to the Lantapan sites could be 
quite acceptable if such staff preferred to reside in the 
larger community (20-30 minutes by car) 

5.1.5 Transport costs 

Bark 
Wood 
Lime 

The effect 
calculated. 

of location on transportation costs can 
Those which require to be considered are: 

be 

(a) cost of bark and wood transportation from plantation to 
processing plant. 

(b) cost of delivery of chemical raw materials and solvents 

(c) cost of transportation of bulk or finished goods 

(d) cost of delivery of planting out seedlings (if tissue 
culture established at processing unit.) 

These can be summarised in the table 

Manalupi Bancud 

107,015 170,251 
Fuel 70,323 111,872 

34,172 83,531 

below. (P) 

Malaybalay 

·180,000 
118,266 

94925 

Cagayan 
de Oro Cit 

661,547 
434,706 
470,812 

Chem and Solvent 231,857 235,906 196,258 
Product 52,650 52,650 44,540 

Total 496,017 654,210 633,989 1,567,065 
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Clearly with respect to transport costs siting of any unit at 
Cagayan de Oro suffers considerable cost disadvantage. 

From this analysis Manalupi bears least cost 
factors have also to be taken into account in 
selection. 

but 
final 

other 
site 

Note: For bark and wood transportation a rate of P 11 MT/KM 
was quoted 

Delivery of chemicals and solvents are determined from the 
import site, Cagayan de Oro City. Product is also deemed to 
be delivered to Cagayan de Oro City. 

Delivery of seedling is excluded from this analysis as it 
would be performed by factory transport. 

The cost of tonnage transport was given as p20/ton/km. For 
chemicals the rate has been estimated at P25/ton/km and 
for some corrosives at P /30/ton/Km. 

The material quantities are based on the an~ual usages of 
major chemicals. 

Cinchona bark 
Cinchona wood fuel 
Lime 
Caustic Soda 
Toluene 
Sulphuric acid 
Ammonia 
Finished products 

450T 
315T 
135T 

12T 
18T 
JOT 

7T 
18T 

*Local lime-source assumed Lantapan Town 

5.1.6 Site factors affecting Capital Costs 

There are three main factors involved here: 

(1) the cost of land (and the availability for 
purchase) 

outright 

(2) location relative to main roads and necessity to 
construct service roads (there might be some local 
authority assistance) 

(3) costs of tranHporting construction 
equipment to the site and possibly 
construction and erection labour. 

materials 
housing 

and 
of 

Of these considerations the cost of land can be quantified, 
being highest at Cagayan de Oro City at Pl00/200 per m2, 
f40/50 at Malaybalay and less at Lantapan, though here only 
only a lease price was obtained at r1,ooo par hectare (20 
years) p.a. 
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5.1.7 I..ocal infrastructure 

Sites nearer the towns, and in relationship to their sizes 
and development, will generally provide enhanced benefit 
fro• the points of view of local services, aaintenance 
problems and other facilities. This can apply to general 
processing materials, spare parts and fabrications, 
transport problems and even labour and staff replacement 
when needed. 

5.1.8 I..ocal interest in project 

This can be a significant factor in contributinq to the 
smooth and expeditions implementation of the project. 

such interest is especially evident in t.~1e Lantapan area 
where the Mayor shows special interest. There is great 
support in general for Bukidnon by the P~~vincial Governor. 

5.1.9 Tax advantages 

This project should be eligible to be BOI{Board of 
Investment) registered under the Omnious Invest.ment Code of 
1987 (Executive Order 226) and be eligible for the 
incentives within this order. such incentives include from 
six to eight years income tax holiday, tax and duty free 
importation of capital equipment (until August 1992), Tax 
Credit on Domestic Capital Equipment (also until August 
1992) and others as detailed in the order. 

Additionally as the whole of Mindanao is classed as a lees 
developed area additional incentive to infrastructure 
improvement is available. Although possibly not of great 
significant for this proj~ct. 

Such incentives should, however, really be considered only 
as additional benefits and any project should be a viable 
one excluding these if it is to be of interest to a private 
investor. 

5.2 Site selection 

Taking into account all of the factors considered, and to 
princjpally satisfy the desire for reasonable proximity to 
the plantation area, and at the same time the best infra 
structure for servicing and availability of all levels of 
manpower, it is proposed that the most suitable location 
would be in the environs of Malaybalay. 

No specific sites were examined, but the requirement for 
one hectare will not be difficult to satisfy. 
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6. Technology and Projec~ Bn~ineerinq 

6.1 Selection of technology 

The technology is best separated into several distinct 
sections coaprising the following groups: 

{A) Production of Cinchona stands 

(B) Extraction; alkaloid isolation; priaary purification 
and salts formation. 

6.1.1. 

(A) Cinchona stand development 

The technology of development of high quality Cinchona 
stands by Meristem tissue culture has been described in 
section 4.3. 

This is the preferred technology for producing Cinchona 
stands of high and consistent quality and which can be 
~ttained ready for possible harvesting in the relatively 
short time of eight years. 

The alternative methods of clonal development by seed 
selection or of grafting techniques suffer from inadequate 
availability of high quality strains and take several 
decades to produce any substantial high quality stands. 

Although there is no knowledge of cinchona plantations 
already developed in this way, all the development work has 
been satisfactorily completed and such technology is 
available. Other crops propagated in this manner have been 
satisfactorily compieted and such technology is available. 
Other crops propagated in this manner have been 
satisfactorily exploited commercially. 

For financial evaluation it has been considered 
appropriate to consider this aspect of Ci~1chona 
plantation establishment as a current investment under 
heading of site dev•"?lopment. 

.dlOSt 

tree 
the 

Capital expenditure for incorporating this unit and activity 
is detailed in a later section (refer 6.10.6 & 6.10.7) but 
amounts in total to US $153,136. This comprises US $87,040 
in capital equipment and us $66,096 in pre-production costs. 

The equipment items involved are listed in 6.2. This 
initial capital expenditure has been depreciated as part of 
the total initial expenditure. 
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The current invest~ent listed under site developaent has 
been determined by calculation of the production cost 
relatinq to the production of the tissue culture plants and 
then qrowinq on in thf · plantation to the point of harvesting 
(but as aentioned above excluding the depreciation 
specifically relating to the operation). 

Production cost 

Variable costs 

Foreign 
US$ 

Materials (chemicals etc.) 138,258 
Fuel, power, water -
specifically for tissue 
culture 
Transportation costs 
Plantation labour costs -
(refer 8.5.2) 
Sub-total 138,258 

Fixed costs 

Waqes & salaries 
(refer 8.5.1) 
Maintenance (4% cap.) 
Sundries, insurance 
Sub-total 
Total production cost 

Total (in US$) 

138,258 

220.602 

p 
Local 

(US$) 

66,186 
43,400 

1.103, 922 
1,213,508 

350,228 
75,559 

147.560 
573,347 

1,786,855 

( 3,050) 
( 2,000) 

(50,372) 
(55,922) 

(16,140) 
( 3,482) 
( 6.800) 
(26,422) 
(82,344) 

The above presents the basic production cost for plant 
production and planting out 320 hectares. 

In the first year an additional expense is to be included 
for traininq. 

For each of the first 5 years of plantinq a Royalty is 
imposed on the production cost. 

Total inputs under 'current investments' - site·development 
may be summarised (costs in US$) :-

Year: Year 1 Years 2-5 Years 6-8 
(1992) (1993-1996) (1997-199!>) 

Production costs 220,602 220,602 220,602 
Training expert 8,000 
Royalty 16,140 16,140 
Total charged: 244,742 236,742 220,602 

lf.Q.t.@: For the ~urposes of the evaluation inputs of planting 
annual new t~ ~arages each of 320 has. have been only 
applied for the 8 years from 1992-1999 since only such bark 
will be p~ icessed in the production plant within the 15 year 
production evaluation. 
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Four ty~es of equipment are potentially available for the 
extraction of Cinchona hark. 

(1) Twnbler Extractor 

A rotating tumbler extractor where bark is charged to a 
horizontal/cylindrical vessel which slowly rotates about its 
horizontal axis. Such extractors have been used, usually 
utilising mineral oils as extractant at elevated temperature 
but well below boiling point. The disadvantage of this 
method is that very high volume of solvent to solids ratio 
is used resulting in very large units, requiring large 
electric motors, and high corresponding power consumption 
being necessary for processing. Thus for extraction of 
lOOOkg bark, an extractor of capacity of some 60,000 litres 
may be appropriate. 

Also using such a system there is considerable difficulty, 
in recovery of the extraction solvent. This involves 
considerable capital expenditure as well as locking up 
capital due to high volumes of solvent in process. 

For the reasons stated this system is not considered 
appropriate especially as no greatly advantageous supply of 
cheap mineral oil exists in the Philippines. 

(2) Continuous Rotary Extractor 

The continuous solvent extractor system may also be 
considered. In this system treated bark is fed continuously 
into the extractor whereby it is carried in a series of 
sectorial compartments which rotate about a vertical axis. 
The bottom of each cell is either fitted with a hinged 
drainage screen which can open to discharge extracted mare 
or alternatively moves over a fixed screen with sections cut 
out for discharge. Solvent passes through the bark 
collecting in separate chambers from which it is pumped back 
onto the material being extracted in such a way that the 
bark is repeatedly washed/soaked and extracted counter 
currently with miscella of diminishing strengths and finally 
washed with clean solvent. Extraction is normally performed 
at an elevated temperature but below boiling point. 
Extraction time can be adjusted to suit the material being 
extracted by variation of the rotational speed and the 
position of miscella wash can also be adjusted. Extracted 
mare is similarly discharged continuously from the extractor 
and passes through a vertical desoventiser where solvent is 
steam stripped before final discharge. The miscella may be 
concentrated as necessary in vacuum operated rising and 
falling film evaporators before further processing or used 
directly. 

Such a system was investigated in the laboratory of at least 
one manufacturer for the extraction of Cinchona bark. With 
some modification of the pre-treatment it was concluded that 
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the continuous extraction technique could be applied. A 
very recent check indicates, however, that no such 
continuous plant has, in fact, been sold for processing of 
Cinchona bark. 

As the same time a budget quotation was obtained for the 
saallest unit ('2 meter) including all pre-treatment 
equip•ent and solvent recovery from extracted aarc but no 
after treatment of the extract. An installed cost of 
US$1,000,000 was indicated. In view of the fact that a 
continuous plant is designed for 24 hour operation, 1 days a 
week for maximum economics, the higher capital cost and, 
most importantly, that such has not been used comaercially 
for this purpose it is proposed that such is not appropriate 
for any installation in the P~ilippines. 

(3) Supercritical Gas Extraction 

A third potential method has been muted for the extraction 
of Cinchona bark employing the technique of supercritical 
(high pressure) gas extraction using carbon dioxide or 
nitrous oxide as solvent. Such a technique, in theory, has 
the advantages of no envirorunental problems, simple recovery 
of solvent, favourable solvent recovery with regard to 
energy and, of benefit to some natural products and 
foodstuffs, extraction under gentle treatment and low 
temperature. 

Such plants are operated in preparing hop·extracts for use 
in brewing in various parts of the world and for 
decaff ination of coffee. It has potential in making 
extracts of herbs, spices and essential oils. However, it is 
not so easily adapted to, or efficient for, extraction of 
alkaloids containing hydroxyl groups although there is a 
patent claim for its use with Cinchona. Major manufacturers 
were approached in Germany and Japan but they have no 
experience, either experimentally or commercially of the use 
for processing Cinchona bark. 

Because of lack of information only a very rough budget 
estimate of the cost of such a unit could be obtained. 
Excluding any pre-treatment or after-treatment a typical 
extraction plant could cost between US$ 2.0-2.s million. 

Additionally to operate such a plant would require increased 
skills of operators and maintenance staff. 

Such an extraction procedure is clearly excluded on high 
cost, and lack of commercial expl.,itation experience 
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(4) Soxhlet Type Extractor 

The principle of this type of extractor is that hot solvent 
percolates through a bed of pre-treated bark and collects in 
an evaporation chamber where it is boiled and ~he vapour 
condensed to provide pure fresh hot solvent for further 
continuous extraction to completion. The overall process 
is, however, discontinuous and the extraction is a batch 
process. 

Although this method utilises more steam energy it has the 
advantage of using a low charge of solvent. Often also 
latent heat of condensation of the solvent, toluene being 
preferred, can be utilised to heat other systems scch as 
driers or spray driers. 

With this system the solvent remaining in the mare at the 
end of extraction, after draining, is recovered in situ by 
steam distillation. It may also be noted that using this 
system it is easy to increase production capacity by adding 
further extraction units. Preparation of the bark for 
extraction both at the grinding and alkalising stages is 
very important but can vary for different types of 
extractor. For example when performing tests on the rotary 
extractor it was found that the technique used for the batch 
extractor had to be modified. In the case of the batch 
extractor extensive work has been performed in optimising 
pre-treatment and it has been exploited commercially. 

The capital expenditure for a batch, extraction unit is also 
considerably less than for the previous extractors 
considered. The comparable price for the extraction section 
can be abstracted from the costs detailed later at some US$ 
720,000. To install a second extractor (at 1989 prices) 
would cost an additi~nal US$ 500,000. 

This form of extraction plant is recommended for the 
Philippine project in view of the capital co~t and more 
particularly the extent of know-how available in 
optimalizing the use of such a unit. It is also a 
relatively simple plant to operate and requires very little 
maintenance. 

6.1.3 Alkalcid Isolation 

There are two procedures which can be used for the isolation 
of total alkaloids from the toluene extract. 

(1) The toluene extract is partially concentrated by 
distillation and the residual toluene then completely 
removed by steam distillation. Such a process has been 
employed commercially but has the disadvantage of 
prolonged heating at high temperature and possibility of 
localised overheating as alkaloids and impurities 
separate from the resulting aqueous medium and there is 
danger of loss by degradation. 
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The slurry ha3 then to be dropped into sulphuric acid to 
dis~olve the alkaloids. Insoluble impurities may be 
filtered off. Additionally if filtration of small 
particles of bark, which almost inevitably pass through 
into the toluene extract, is not efficient the action of 
the sulphuric acid on them produces undesirable, very 
coloured impurities. 

(2) The second method, and by far superior, is to extract 
the alkaloids directly from warm toluene. The process 
is rapid and efficient. Separations are good providing 
too much energy is not employed. Again it is important 
to remove any bark particles which could contribute to 
some separation difficulties. This is a greater 
problem, perhaps, than the likelihood of leaching out 
colour. 

This is the method of choice and can be operated on 
either a batch or continuous process. 

A system is available for continuous extraction but in 
the initial years ~articularly the input of bark quality 
is likely to be rather variable and it is therefore 
proposed that a batch extraction with acid should be 
employed when analytical control of the extract output 
can be more readily achieved. 

6.1.4 Primary purification 

The precise procedure may have to be varied if low quality 
bark is processed. 

The object is to isolate quinine at a 
which involves stripping off the 
cinchoniJine, cinchonine and quinidine 
bulk. 

purity of 95-98% 
other alkaloids, 
representing the 

Equipment to be 
isolation which 
adapted to a 
preferable at a 
quality bark. 

installed can 
would be 

semi-continuous 
later stage, 

lend itself to both batch 
proposed initially, or 
process which might be 
particularly with higher 

Esse.1tially pure quinine is isolated in the form of quinine 
bisulphate, separation being proposed by rotary vacuum 
filters. 

6.1.4.1 Residual alkaloids 

A residual mixture of Cinchona alkaloids may be 
from the primary isolation stage. such residues 
quinine and, although it is possible to isolate 
quantities, it is rarely economical to do so. 

produced 
contain 
further 

Similarly, othP.r alkaloids can be isolated in essentially 
pure form but no market exists for them or only very rarely. 
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6.1.5. Salts formation 

Equipment has been installed to produce the two main salts, 
quinine sulphate dihydrate and quinine hydrochloride. The 
proportions may be varied. It would also be feasible to 
produce pure quinine alkaloid or quinine dihydrochloride if 
desired. 

Quinine sulphate is prepared directly 
bisulphate incorporating pu~if ication and 
processes. 

from quinine 
clarification 

Quinine hydrochloride is produced from an intermediate 
alkaloid prepared from the quinine bisulphate. Most care is 
required in removal of traces of sulphate and colour. 

Centrifuging 
products. 

is proposed for separation of the solid 

6.1.5.1 Drying of products 

Products may be dried using various equipments. 
Conside~ation was given to spray drying, but this is only 
really appropriate to producing a crude dry alkaloid mixture 
and it is an unnecessary operation when the object is to 
produce final salts. 

Static air driers or fluidized bed driers have both 
used for drying and either are suitable. Drying is 
exhaustive, but to specific moisture limits. 

Sieving may be used prior to, or after drying. 
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6.2 Major Capital Equipment Items 

(A) Tissue culture 

Laboratory equipment:- Use 

Stereoscopic dissectjng microscope, 
lamina~ flow hoods, autoclaves, 
balances, sterilising unit, ovens, 
water treatment, heat pumps, 
trolleys and racks. 

Preparation of stock 
cultures, sub­
culturing ~ rooting. 

Nursery equi~ment:-

Polythene tunnels, humidity control 
equipment, pumps & shading 

Growing on for 
planting out. 

(B) Process Equipments 
Operation 

1. Grinding Bark 

2. Mixing 

3. Extraction 

4. Solvent recycle 
and recovery 

5. Acid Extraction 

6. Water and reactants 
supply 

7. Extract storage 

8. Solvent Handling 
System 

9. Bulk solvent storage 
and supply 

10. Waste bark disposal 

11. Primary refining 

Equipment 

Hammer mill 
500 Kg/hr. 

Ribbon mixer 
4 cu.m. 

Hot percolation 
3 cu.m. 

Condenser and 
Separator 

Agitated vessel 
3 cu.m. 

Tanks, agitators 
1-2 cu.m. 

Tanks and pumps 
1 cu.m. 

Tank and pump 
2.5 cu.m. 

Tank and pl.mp 
5 cu.m. 

Conveyor system 
7,500 Kg/hr. 

2 reactors 
2 Vaccuum Filters 
2 filter presses 
2 dissolvers 
2 rubber tanks 

106 

Use 

Grinding to 
specified limits 

Alkalising and 
granulating bark 

Removal of alkaloids 
by solvent 

Recovery and solvent 
recycle 

Liquid-liquid extraction 

Alkalising feed and 
wcslt:!.L sy~tem 

Acid storage 

Holding and feed 
for re-cycle deidic 

toluene 
Bulk storage and 

supply 

Discharge of spent 
mare. 

Separator of 95/98% 
pure quinine 
salts and residue 



12. Salts Formation 

13. Drying and finishing 

2 reactors 
2 agitated pans 
2 filter presses 
crystalline pans 
centrifuge 

Air Drier 
Sieve 

Preparation of 
pure quinine 
sulphate 
intermediate 
alkaloid and pure 
quinine 
hydrochloride 

Drying 
Sieving to size 

6.3 Service Equipment - Auxiliary Capital Equipment 

14. Water treatment/circ Filters, Columns, Cooling tower 
and tower treating water. 

15. Boiler and steam Boiler Steam 100psi/120psi 
supply 2500 Kg steam/hr. 

16. Chilled Water Supply Package unit Batch crystallisation 
5 Tonnes 

6.4 Spares: repairs and maintenance: replacement 

t·acilities for a maintenance workshop and stores h~ve been 
included in the building plan amounting to some 40m . 

Tools for pipe fitting will be required and also welding 
equipment. No necessity for a lathe is initially envisaged 
but tools such as vices, pipe threading and general spanners 
etc. are needed for fitting out. Electrical test equipment 
will be included. A blanket figure for these has been 
included at US$4,000 

Laboratory equipment 

Astute selection of 
paramount importance 
maintenance service. 

6.4.1 Spares 

any analytical instrument is 
with respect to reliability 

of 
and 

S~a:e~ should be standardised as far as design allows to 
minimise the necessary inventory, particularly in the case 
of pump and motor elements. 

Spares will principally cover the following items:-

Grinder, mill 
Pumps 
Motors 
Mixers, vacuum 
filters, screw 
feeds 

- knife replacements, filter elements 
- seal replacements, rotors, stators etc. 
- brushes, replacement units 

- bearings, seals 
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Spares for two years operation have been included in the 
initial purchases at an investment of US $68,000 subject to 
a ten per cent contingency (total US $74,800) (refer 
6.10.4). 

Assuming good planned maintenance, and regularly 
implemented, spares requirements over the years have been 
assumed to be essentially consistent. No allowance is 
included for years 1 and 2 of production (1992 and 1993) but 
thereafter from years 3 (1994) to 15 (2006) an annual input 
of US $26,000 has been applied. 

All spares assumed as foreign purchases. 

6.4.2 Repairs and maintenance and costs 

Regular planned maintenance should be performed and 
following this procedure no overall serious, individual 
unexpected costs should be experienced over the production 
years. Although starting with newly installed units, some 
element is included for the first year of production under 
the heading of 'repairs' mainly for correction or 
improvement of operation. With ageing of the installation 
an increased level of repairs and maintenance will be 
necessary. The following levels are proposed:-

Year Foreign Local Total 
US$ in US$ US$ 

1 (1992) 8,000 1,000 9,000 
2 - 5 (1993-1996) 12,500 1,500 14,000 
6 - 15 (1997-2006) 15,000 2,000 17,000 

These figures essentially represent materials for plant, 
service items and buildings and any element for casual 
labour. Permanent maintenance labour is included within the 
direct labour element of production costs. 

6.4.3 Replacement equipment 

All major items of equipment have a normal working life in 
excess of 15 years and no capital replacement costs have 
therefore been included in the evaluation. 

Allowance is made for replacement of the works vehicle every 
three years at a cost of US $27,000 (including contingency 
cost). The first vehicle is purchased during the 
construction period in year 1991 and subsequently replaced 
in years 1994, 1997, 2000 and 2003. 
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6.5 Plant arrangement 

The plant arrangement suggested is based on optimal 
aaterial flow and processing experience. 

Bark is transferred to the 2nd floor of the ailling ~oom 
and milled bark transferred by vacuum to the aixer. After 
ta~e aixer, aaterial is transferred through the sealed wall 
by screw conveyor to the extractors in the flaaeproof area. 

Solvent is transferred by puaping and after solvent 
extraction and acid extraction, the acid extract is stored. 
Waste mare, after steam stripping, is screw conveyed out of 
the building. 

The acid extract is then pumped to the isolation shop. 
Here solutions are transferred by pwnping and gravity, 
while solid products may be discharged by knives into 
mobile containers and manually transported to the salts 
refining shop. In this shop transfers are 11ade by a 
combination of manual operations, pumping and gravity as 
appropriate. Purified salts are transferred to the drying, 
sieving and packing room where products are handled 
manually. Finally products are put into store. 

Schematic drawings indicating the major items of equipRent 
are given in figure 14 (milling, solvent extraction, acid 
extraction), figure 15 (bisulphate isolation),and figure 16 
(salts production). 
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6.6 Plant layout 

The plant layout based on the previously described flow of 
aaterials is illustrated in the plan drawings included as 
figures 17 and 18. The provision for installation of a 
second extractor in the future is included in the 
f laaeproof area. 
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6.7 Process flow and material flow 

outline process and material flow sheets are presented in 
the following sections followed by mass balance sheets. In 
the case of the latter, only those for the extraction and 
salt refining are given and the latter is in terms of an 
alkaloid balance. 

The balance for isolation has been excluded because of the 
great variations that can occur dependent on the nature and 
quality of the bark extracted. The isolated yield of 
quinine bisulphate may vary from 55% to 92% of the quinine 
extracted from the bark (on SQ2 to SQ2 basis). The quinine 
representing the difference is not actually lost but builds 
up in residues of mixed alkaloids which are not economic to 
work further and produce the materials which might have some 
use as a cheap anti-malarial. 
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6.7.1 Process & material flow sheet for extractior.. 

Plantation stand 

Harvesting, stripping -->--~Wood---- Sun dry 
for fuel 

Bark drying 

Delivery to 
process site 

Raw material 
1---~---t 

Weigh 
bark 
charge storage 

L:me Caustic 
soda 

___ M ... i,_l_l _ __.- --->--I Dust f i 1 ter ) 
Process • 
water Mixer : 

._ __ __,, ____ _...._..--t Alkalise ._ - - 4!- - - -• 

Extractor 
& 

~----+------1circulation 

Cooling water 
t 

Condense 
1-----1 toluene 

_]

Steam 

Draining Water waste 

Steaming Separator 

Marc 
discharge 

Toluene 
store 

Store 
1----------~-------tdirty 

tol•Jene 

/ 
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6.7.2 Process & material flow sheet for isolation. 

Steam 

Acid 
extract 
store 

Active 
carbon -----~ ....... Decolourising ----+---------... 
Hot water 
Dicalite 

Caustic 
soda solution 

Filtration 
press 

Cooling 
Chilled 
wa -.;e;.;;;r;....... ___ _....,-1 Crystallising 

Cold 
water 

Caustic 
soda solution 

Cold. 
water 

Caustic 
soda solution 

Cold water~ 

Vacuum 
filtration 

Mother 

li uors 

pH 6. 5 

Adjustment 

Vacuum 
filtration 

Alkalise 
pH 11 

Filter' 

- -- - - alternative flow. 
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6.7.3 Process & material flow sheet for salts preparation. 

(A) Quinine sulphate 

Steam 
Active 
carbon 
Demin. 
water 

Demin. 
water, hot 

Cooling 
wa er 

Ammonia --~--+---t 

De;nin. 
water, cold 

Caustic 
soda solution 

Cold water 

Dissolution 

Filter 
press 

pH 
adjustment 

crystallise 

centrifuge 

Alkalise 
liquor 

pH 11 

Filter 

/ 
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(B) Quinine hydrochloride. 

Steam 

Water 

Sulphuric 
acid 

Ac~i~e t 
carbon 

Water, hot 

Cooling 
water 

Caustic 
soda solution 

Water 
wash, cold 

Steam 

Demin. 
water 

Hydrochloric 
acid ·-

Active carbon 

Additives 

Demin. 
wa er, hot 

Demin. 
water, cold 

' 

Demin. 
wat:er ,-~cold 

I 

') 

Dissolut:ion 

Filt:er 
press 

Alkalise 
pH 11 

Cen t:ri f uge 

• 

Liquor to 
---- ~ effi uent tank 

- __ - _ test: sample 

Dissolution - - - - - Test: sample 

Filter 
press 

Crystallisers 
/ Heat: 

Cake, 
Air drier - ... Cent:rifuge 

Liquors 

Alkalise 
pH 11 

Cent:rifuge J 
• 

Seive 

Weigh & 
~uinine 
hydrochloride 
Bl'/USP 

'- - - - - -- -- ~!Liquor to 
effluent tank 
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6.7.4 Mass balance for ext:ract:ior. process. 

·- . 

. 

This is an indicative mass balance for a typical bark 
of S-k total alkaloid content: & S-k so2 content. In 
practise some quantity adjustments may be made for t:he 
dependant: on the bark used. Al 1 quant:i t:ies in Kg. 

Cinchona bark Process 
880 Solids wat:er 
120 Water Moisture 850 

1000 Total - loss 
-

+ . ~ 20 

Grinding t- I Lime I 300 :. 

- f l I 

Toluene Mixer • 
make up 1180 Solids 

39 950 Water 

~ . 2130 Total 

Toluene Extractor Marc 
circulation Solvent: + (Spent: bark) 

st:orage recirculation 1060-. Solids 
960 Water 

~ 
------ - . , 

2020 Total 
Toluene -

Recovered extract 

dirty 78 Alkaloids Process 
toluene 2130 Toluene wat:er 

2130 2208 Total 316 

, i, -
~ 

' Acid. Sulphuric - extract: 
I 

, _acid 
I 77".6 'Alkaloids I 0.2 Wat:er • 24.5 H2so4 

14 ~ 

Toluene 24.5 H2S04 
losses 316.2 Water 

24.7 Total 41B.3 Total 39 

QUININE ALKALOID BALANCE. 

Quinine alkaloid in bark 41.4 
Quinine loss in mare l. 2 
Quinine in toluene extract 40.2 
Quinine in acid extract (ultimate) 40.1 
Quinine circulating in dirty toluene 1.0 
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6.7.5 Mass balance for production of Quinine salts from 

intermediate quinine bisulphate. 

The mass balances for Quinine sulphate and Quinine 

hydrochloride are presented in simple form considering 
principally the alkaloids and ignoring in these tables 
the salt by-products formed in t~ liquors. 

(A) Quinine sulphate. 

-
Quinine Quinine 

bi sulphate sulphate 
51.07 Quinine 48.67 Quinine 
2.65 Other alk. - Other alk. 

16.25 H2so4 7.36 H2so4 
30.00 Water • 24.67 Water 

100.00 Total 80.04 Total 

Loss 
1.33 Quinine 
1.34 Other alk. 

2.67 Total 

Recovered Quinine 
alkaloids sulphate 

BP/USP 
'. 

1.07. Quinine 48.67 ~uinint: 
1.Jl Other alk. - Ot~Er alk. 
- H2~04. 7.36 H2so4 

3.60. Water 2. 70 Water 
-5.98 Total 58. 73 Total 

OVERALL YIELD (in terms Quinine) 95. 30"/. 
I 
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( B) Quinine hydrochloride. 

Quinine Quinine 
bi sulphate alkaloid 

51.07 Quinine 50.45 Quinine 
2.68 Ot:her alk. o. 51 Other alk. 

16.25 u2so4 - H2S04 

30.00 Water 52.00 Water 

100.00 Total 102.96 Total 

Loss 

0.87 Quinine 
2.17 Other alk. 

3.04 Total 

Recovered * • Quinine 
Quinine hydrochloride 

alkaloid 36.77 Quinine 
12.28 Quinine - Other alk. 

0.30 Other alk. 4.14 HCL 
6.30 Water 17.53 Water 

18.88 Tot:al 58.44 Total 

Loss 

1. 33 Quinine 
0.21 Other alk. 

1. 54 Total 

Quinine 
hydrochloride 

BP/USP 
36.77 Quinine 

- Other alk. 
4.14 HCL 
4.09 Water 

45.00 Total 
I 

* Re-cycled (sometimes liquor re~cycled) 

OVERALL YIELD (in terms Quinine) 

Direct yield 
Overall yield 
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6.8 Civil Engineering 

6.8.1 General 

In surveying potential sites normal soil bearing properties 
and water tables will need to be determined in order to 
specify suitable foundations. It would also be advisable 
to assess the possible availability of well water. 

Consideration should be given to access to the site and the 
ease of tying in to local services of electricity, water 
and drainage/sewerage. A level terrain should be selected 
and will be serviced with internal roadways. 

No special building 
standing structures 
satisfactory. 

requirements 
with light 

are needed 
weight roofs 

and free 
will be 

Consideration has to be given to the extraction area 
must be satisfactorily isolated from adjacent areas 
of flame proof classification. 

which 
being 

Floor specifications need close attention in view of 
chemical resistance in the wet processing areas and also 
here good drainage channels must be installed. In the dry 
packing area attention should be given to smooth, easily 
cleaned flooring. 

The other aspect of flooring which needs-to be considered 
is the load bearing for heavier piece~ of equipment. 
Weight is not the sole criteria here, but also special 
attention needed for motorised units and particularly 
centrfuges. Clearly close liaison between the project 
engineering aspect and civil engineering activities is most 
important. 

For building materials reinforced concrete and steel are 
suitable building materials, with either brickwork or 
panels for walls. Roofs of lightweight cons~ruction are 
preferred. Special attention should be given to the 
provision of large and well proportioned entry points for 
ingress of equipment. Also, from the point of view of 
installation of equipment, co-ordination of civil work and 
equipment installation should be well planned, as some 
large items may be best installed through the roof of the 
building. This may particularly apply in the grinding, 
mixing and extraction areas. 

Attention must be given to lighting and ventilation. 

Separate buildings are proposed for the administration, 
laboratories, processing unit and raw material stores and 
are strategically located within the site. 

Site works will comprise servicing the site 
electricity, water, drainage and telecommunication. 
site area of one hectare should be completely fenced 
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security and suitable internal roads built for safe 
movement of chemicals, solvents and materials. 

The installation of an underground solvent storage tank is 
proposed and also a sunken effluent treatment tank with 
appropriate drain c~nnections. External plinths will be 
required for water storage and associated cooling tower. 

6.8.2 Building specifications 

1. Raw material store 
A basic warehouse of 108m2 , one storey, height 4m. 

2. Office and laboratories of 360m2 , one storey, height 
3m. Apart from off ices will contain chemical laboratory 
with store and tissue culture laboratory (4 sub-divisions, 
one temperature controlled). At this stage detailed layout 
has not been specified. 

3. Processing area of 576m2 sub-divided into sections for 
different functions. 

These principally comprise 
(a) Grinding and mixing area of 36m2 , 3 floors, height 
lJm. 
(b) Extraction (flameproof) of 60m2 , 3 floors, height 10~. 
(c) Other processing and utility rooms comprising 480m , 
one storey, height 4.5m. 

The basic building design and layout of the processing unit 
is shown on drawing "Extraction and Process Building" 
figure 19. 

6.8.3 Site Layout 

The size of site selected is based on the amount of covered 
area and experience of segregation of buildings for the 
type of industry. Some land is utilised also for nursery 
beds. For satisfactory delivery of raw materials and 
chemicals and general handling, reasonable grade metalled 
roadways are proposed. 

The layout of the factory unit is indicated on drawing, 
figure 20. 
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6.9 Effluents and wastes 

1. Liquid Wastes 

The volumes of liquid wastes are minimal, principally being 
water distilled from the input treated bark, water used for 
washing down purposes and some process water. 

An effluent treatment tank is nonetheless included in the 
civil works serving two purposes: (1) to rescue any 
inadvertent discharge of solvent and (2) to separate out any 
entrained solvent, remove suspended sclids and allow for the 
need of pH, adjustment. Control of the quality of any 
effluent can thus be achieved. (See also 6.9.3.) 

2. Solid Wastes 

A volume of solid waste in the form of wet extracted bark 
(mare) will be produced. It will normally contain some 50% 
water. 

This material could be used as a land-infilling as in other 
countries. 

Alternatively spent bark after sun drying could possibly be 
also used as boiler fuel and the wood ash would contain 
recovered lime which might be re-utilized. (See also 4.1.3) 

As this procedure has not beP.n commercially utilised it is 
not included in any calculations although rough calculations 
indicate some 50% of the steam generation required could 
possibly be produced. 

6.9.1 Air Pollution 

No air pollution in outside areas should exist providing 
that the steam boiler is operating correctly. A wood fired 
boiler might give rise to more problems. 

The only chemicals used for which air pollution levP.ls are 
posted comprise:-

Ammonia 
Hydrogen chloride 
Sulphuric acid 

400mg/scm 
200mg/scm (as chlorine) 

1500mg/scm (as so3 ) 

Only in the case of accidental spillage might a problem 
arise, but would be localised and readily controlled by 
neutralisation. 
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There are also regulations controlling working areas and 
the maximum_ permissible concentrations are as below. 

Ammonia 
Hydrogen chloride 
Sulphuric acid 

o.img/scm 
0.2mg/scm 

O.OJmg/scm 

These levels must be controlled by careful handling and 
appropriate _ ventilation. Breathing masks should be 
available for workers. 

6.9.2 Noise levels 

Permissible noise levels vary with location. The most 
likely for the factory situation could be expected to be:-

Night 
Morning/evening 
Day 

65db. 
70db. 
75db. 

The only equipment which might cause a problem could be the 
mill and this can be controlled with appropriate simple 
sound proofing. 

6.9.3 Aqueous effluents 

These are the most produced effluents. The t~tal volume 
prod~ced 3nnually will be in the order of 1200m +/- 20% or 
4.Sm +/- 20\ average per day. · 

About 12\ of the effluent might contain traces of organic 
solvent, whereas the balance consists only of salts bearing 
water. 

All effluent will pass through a simple effluent treatment 
tank and provision should be made to contain any accidental 
spillage of toluene. 

J"'~ed to be 
solution 
solids. 

Otherwise, the main parameters which will 
controlled are temperature, pH, clarity 
(suspended solids) and level of various dissolved 
The level of crganics will generally be low. 

All liquors discharged are alkaline liquors and pH 
adjustment will be the main treatment. 

An estim~te has been made of the 
composition of effluent. 

so= 
Na4 
NH + 
OH

4 

Ba+ 
Cl-
50 = 

3 • 
Organics 

1.98 g/l 
0.78 g/l 
0.18 g/l 
0.14 g/l 
Trace 
0.21 g/l 
Trace 
0.56 g/l 
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Effluent should meet the following requirements, although 
for industrial oper~tions sometimes levels may be increased 
by agreement. 

Abstract Effluent Regulation of 1982: DENR 
(Ministry, Bureau, and Office Administrative Orders and 

Regulations) 

Industrial 
Waste 

Strong Industrial 
Wastes 

~olour (Pt/Co test) 
pH 
Temp. 0 c 
Suspended solid mg/l 
BOD mg/l 
~arium mg/l 
... :..l/grease mg/ 1 

100 
6-8.5 

40 
75 
80 

2 
10 

150 
6-9 

40 
100 
150 

2 
10 

6 .10 Estimated Costs for setting up Cinchona extracti-:m and 
Refining Plant 

The capital cost element for setting up a 
processing plant having a capacity of up to 650 
annum, are considered in this section. 

6.10.1 Land 

Cinchona 
MT per 

A total covered area of 980 m2 is required to 
necessary facilities. To allow for proper 
buildings, access roads and accommodation 
storages, cooling towers, effluent tanks etc a 
is appropriate leading to a land requirement of 

house the 
spacing of 
of solvent 
factor ~f 7 
6,860 m • 

Allowing for inclusion of a pl~nting out area if tissu~ 
culture work is included (768 m ) a land area of 10,000 m 
or 1 hectare is appropriate. 

A suggested site plan is appended. (Section 6.8.3 - figure 
20) 

The area selected for a production unit is that 
vicinity of Malaybalay where purchase land costs 
order of P40 - P50 per m2 can be expected. 

in the 
in the 

Cost of 1 hectare 
+ 10% contingency cost 

Total cost 
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6.10.2 Site preparation & initial development 

Site development including 
fenced site, internal roads, 
effluent, drainage & cables. 

+ 10% contingency 

Total 

6.10.3 Estimate of building costs 

Building Areas 

Foreign Local 
P (US$) 

1,000,000 (46,082) 

100, 000 ( 4 r 608) 

1,100,000 (50,690) 

There are three buildings prop~sed and each having a 
different construction and unit (m )cost. Furthermore, the 
production building is divided into several sections 
requiring individual considerations because of ceiling 
height, numbers of floors and a special area which must 
comply with flame-proof regulations. There are also 
special drainage needs in some sections of the production 
building. 

The 

A. 

B. 

c. 

structures and areas are defined belows. 

Production area 

1. Grinding and 36 m2 3 floors Height 13 m 
mixing area 

2. Flameproof 60 m2 3 floors Height 10 m 

3. All other rooms 480 m2 1 floor Height 4.5 m 
(incl. services) 

Off ice and laboratory building 

Off ices, rest rooms, 360 m2 1 floor Height 3 m 
cupboards, corridors 
and 2 laboratories 

Bark and Raw Material Store 

Raw material warehouse 108 rn2 1 floor Height 4 m 

Additional civil works will cover internal access 
roads, drainage, effluent and fencing. 
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Estimated building costs 

Building costs for a variety of structures were 
obtained from several building firms and especial note 
observed of rates quoted for Kalaybalay and Bukidnon. 

Building cost estimates 

A. Production building 

Area x rate/m2 

1. Grinding 
2. Extraction 
3 • Refinery & 

service 

36 x PS,500 
60 x P6,000 

480 x P4,000 

Total production building 

B. Office & laboratory: warehouse 

Area x rate/m2 

1. Office & 
laboratory 

2 • Warehouse 
360 x P3,500 
180 x P2,500 

TOTAL BUILDING COSTS 

Production building 
Office & laboratory 
Warehouse 

Total 
+ 10% contingency 

Total building costs 
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p 

198,000 
360,000 

1,920,000 

2,478,000 

p 

1,260,000 
270,000 

p 

2,478,000 
1,260,000 

270.000 

4,008,000 
400.800 

4,408,800 

Local 

Local 

Local 

(US$) 

( 9,124) 
( 16,590) 

( 88,479) 

(114,193) 

(US$) 

(58,065) 
(12,442) 

(US$) 

(114,193) 
( 58,065) 
( 12.442) 

(184,700) 
( 18.470) 

(203,170) 



6.10.4 Auxiliaries and services 

Items 

steam generation - boiler 
Water circ/treatment - tower 
Chilled water plant 
Supporting steel structure 
Electrical panels & equipment 
Mechanical installation mat. 
Labour mechanical installn. 
Electrical installation mat. 
Power to site 
Design costs, procurement 
Spares 
Technical adviser 
Foreign expert-training 
Local trainees 

Total 
+ 10\ contingency 

Total Auxiliaries & services 

Foreign 
US$ 

40,000 
11,000 
16,000 

28,000 
40,000 

20,000 

300,000 
68,000 
59,000 
19,000 

608,000 
60.800 

668,000 

Local 
p 

75,950 

10,850 
1,844,500 
1,345,400 
1,736,000 
1,302,000 

347,200 
108,500 

141.050 

7,378,000 
737,800 

8,115,800 

(US$) 

( 3 I 500) 

( 500) 
( 85,000) 
( 62 I' 000) 
( 80, 000) 
( 60,000) 
( 16,000) 
( 5,000) 

( 6 I 500) 

(340 I 000) 
( 34.000) 

(374,000) 

6.10.5 Incorporated fixed assets (gross, including contingency) 

Transport (4 wheel drive) 
Technology 

Foreign 
US$ 

27,000 
82,500 

Total incorporated fixed assets 109,500 
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6.10.6 Plant and Equipment 

Unit Operation 

1 Grindin9 
2 Mixin9 
3 Extraction 

4 Toluene re-cycl/sec 
5 Acid extraction 
6 Base-supply 

1 Inter storage 
8 Solvent Handling 
9 Bulk Storage 

10 Marc discharge 
11 Primary isolation 

12 Salt refining 

13 Drying,seiving 

14 Laboratory, 
chemical 

15 Laboratory, 
tissue culture 

16 Sundry items 

Total 

Major Items 

Mill & Feed 
taxer & Conveyor 
Extractor 
Percolator 
Condensers 
Contactor 
Tanks, pump, 
agitators 
Tanks, pumps 
Tanks, pumps 
Tanks, pumps 
Conveyor,trucks 
Reactors, vac 
filters pan 
reactors 
Reactors filters, 
presses 

Airdriers,sieves 

Imported 
USS 

39,000 
46,000 

270,000 
46,l.JO 
5,000 

5,500 
2,500 
2,500 
2,500 

196,000 

187,340 

37,600 

Equipment 30,000 
Furnishing,etc. 
Equipment 56,873 
Nursery 
General utilities 
Workshop tools 
Miscellaneous tools 
Off ice furnishin9s etc 

+ 10\ contingency 
928,813 

92,881 

Total Plant & Equipment 1 ,021 ,694 

Local , 
97,650 

43,400 

325,000 

86,800 
162,750 
217,000 
217 ,000 
477 ,400 

173,600 

482,924 
600,000 

86,800 
43,400 
43,400 

3,057,624 
305,762 

3,363,386 

6.10.7 Pre-production expenditure (gross, including contingency) 

Technical assistance & 
training for tissue 
culture 

1 34 

Foreiqn 
USS 

40,800 

LO(...dl 
p 

548,923 

(USS) 

4,500) 

2,000) 

15,000) 

4,000) 
7,500) 

10,000) 
10,000) 
22,000) 

8,000) 

22,255' 
27,650) 

4,000) 
2,000) 
2,000) 

(140,881) 
( 14,088) 

(154,995) 

(USS) 

( 25,296) 



6.11 Summary Capital Costs for Setting up 

Total initial capital investments to set up integrated 
production unit. 

This sections summarises the costs detailed in the preceding 
sections, including contingency cover where appropriate. 

Section 

6.10.1 
6.10.2 
6.10.3 

6.10.4 
6.10.5 

6.10.6 

6.10.7 

Item 

Land 
Site preparation 
Structure & Civil 

engineering 

Foreign 
US$ 

Auxiliary & services 668,000 
Incorporated fixed 

assets 109,000 
Plant, machinery & 

equipment 1,021,694 
Pre-production 

expenditure 40.800 

Total initial investment costs 
for integra~ed unit 1,833,644 

Local 
in US$ 

25,300 
50,690 

Total 
US$ 

25,300 
50,690 

203,170 203,170 
374,000 1,042,800 

109,500 

154,995 1,176,689 

25.296 66.096 

840,601 2,674,245 

Total initial capital investments to set up processing unit. 

In the case of a 'processing only' · unit, the following 
elements of investment cost are not incurred due to the 
elimination of the tissue culture and nursery unit. 

Reductions Foreign Local Total 
US$ in US$ US$ 

Item 
6.10.6 (no.15) 62,560 24,480 87,040 
6.10.7 40,800 25.296 66.096 

Total reductions 103,360 49,776 153,136 

Total initial investment costs 
for processing only unit 1,731,084 790,825 -.,521,109 
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7. Plant organisation 

7.1 cost Organisation 

From an organisation point of view, the operation proposed 
of a Cinchona processing plant, even incorporating tissue 
culture development of plants for reforestration, is a 
relatively simple operation. 

Where all processing from Cinchona bark to finished salts 
is accomplished at one site, there is no necessity for cost 
purposes to split up intermediate operations, although for 
work-in-process assessments intermediate materials can be 
separated in values for bark in progress, intermediate 
bisulphate, recovered sulphates and final salts. All 
products, in whatever state of refinement, are reported in 
the common term of SQ2 and these values used for yield 
calculations. 

The cost centres normally considered would be: 

(1) Works or factory costs 
(2) Administration overheads 
(3) Distribution costs 
(4) Selling costs 
(5) Cinchona stand development 

7.1.1 Works or factory costs consist of both direct costs and 
overhead costs. 

Direct labour is charged in total according to wages 
including surcharges. Over or underabsorption may be 
determined with reference to budget forecasts. In the case 
of an integrated unit charges against bark raw material 
relate to harvesting and transport costs. (In the case of 
processing only the cost of bark would apply.) Chemicals 
and additives are charged according to usage. 

Works overheads which are part of works costs are 
considered to comprise the following: 

{l) Supervising labour 
(2) Maintenance labour and materials 
( :'\) Fuel costs 
(4) Utilities: water, electricity and gas 
(5) Works vehicle expenses 
(6) General manufacturing expenses (filter 

protective clothing, expendables, etc.) 
(7) Laboratory salaries and expenses 
(8) Plant depreciation (straight line 10 years) 

7.1.2 Administrative or General overheads 

This cost centre covers items such as: 

(1) Director, office salaries and security 
(2) Rent and rates (as applicable) 
(3) Insurances 
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(4) Post and telephone 
(5) ~rinting and stationery 
(6) Travel 
(7) General charges (laundry, cleaning materials, etc.) 
(8) Audit fees 
(9) Legal and professional charges 

{10) BanJc charges 
(11) Depreciation buildings (straight line 10 years) and 

vehicles (3 years) 

7.1.3 Distribution costs would normally include warehouse 
salaries and expenses, packing materials, carriage and fob 
charges, overseas freight and related insurance. For the 
purchase of the analysis in the study, these items have 
been including partly under works overheads and partly 
administrative. 

7.1.4 Selling costs 

As it is proposed in this study to execu~e all sales 
through an agent, this cost centre principally relates to 
commission payments, charges and communication costs. 

7.1.S Cinchona Stand Development 

A cost centre would need to be sPt up for this operation. 
In the financial evaluation tnis has been allocated to site 
development under current investments. 

7.1.6 Allocation of costs 

several items require to be allocated to various cost 
centres and the table below illustrates some of these. 

Salaries 
Wages 
Fuel 
Utilities 
Post, 

telephone 

Works 
overheads 

x 
x 
x 
x 

Lab. salaries 
& materials x 

Administrative 
overheads 

x 
x 

x 
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x 
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7.1.7 Composition of estimated administration overheads 

Director salary 
Off ice salary 
Maintenance 
Rates 

US$ 
8,000 

3,000 
8,000 

(included under factory) 
(est) 
(est) 

Insurance 
Legal & prof. 
Audit 

57,768 
2,000 
1,000 
4.232 
2,000 
2.000 

(3.5% P+M; building&vehicle) 
(est) 

stationery, travel, 
Post & telephone 
General charges 

etc. 

88,000 

(est) 
(est) 
(est) 
(est) 

NB: Building depreciation which might be included here has 
been entered under separate depreciation heading together 
with plant depreciation. 

Composition of factory overheads 

Several of the items considered normally as factory 
overheads are entered into COMFAR inputs as individual 
items, energy & utilities (fuel, electricity, water, etc.). 

Also supervisory salaries, maintenance labour have been 
entered under labour direct, although strictly should come 
under factory overheads. Warehouse salaries were treated 
similarly. Depreciation of plant is entered under the same 
separate heading which also includes vehicle depreciation. 

Items remaining which fall under the description of factory 
overheads are laboratory expenses and materials, works 
vehicle expenses and general manufacturing expenses, 
including filter and centrifuge clothes, protective 
clothing, cleaning materials, intermediate packaging, 
disposable materials. In fact, for simplicity, final 
packaging materials have also been included in this heading. 

The figure covering these items was estimated for evaluation 
purposes to be essentially directly variable with both bark 
throughput and volume of SQ2 being processed and 
particularly with the volume isolated. 

For 3% SQ2 ba:t·.c a figure of $33.3 per MT bark processed was 
used increasing to US$90.0 per MT 5% SQ2 bark processed. 

US$ 
For 300MT 3% bark factory overheads = 10,000 

300MT 5% bark factory overheads = 27,000 
450MT 3% bark factory overheads = 15,000 
450MT 5% bark factory overheads = 41,000 
540MT 3% bark factory overheads = 18,000 
540MT 5% bark factory overheads = 49,000 
540MT 6.5% bark factory overheads = 64,000 
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7.1.8 Depreciation 

For COMFAR input purposes depreciation is considered as a 
separate input rather than allocated to works and 
administrative overheads. 

Depreciation of two aspects has to be considered: 

(1) initial fixed assets, and 
(2) current fixed investment costs. 

The following depreciation rates and scrap (or salvage) 
values applicable to the different assets are summarised in 
the table below. 

Initial fixed assets 

Item Initial fixed % % yrs. 
assets values dep. scrap dep. 

US$ 

Land 25,300 0.0 100.0 0.0 
Site 50.690 10.0 15.0 10.0 
Structures 203,170 10.0 15.0 10.0 
Incorporated fixed assets: 
(a) works vehicle 27,000 33.3 0.0 3.0 
(b) technology 82,500 10.0 0.0 10.0 
Plant & machinery 1,176,689 10.0 10.0 10.0 
Auxiliary & service 1,042,800 10.0 10.0 10.0 
Pre-production 66,096 10.0 0.0 10.0 

current fixed assets 

In view of the fact that it has been projected that no major 
replacements of plant and equipment, buildings, nor new 
items will need to be installed during the 15 years of 
production scheduled in the evaluation, this section covers 
two items: 

(1) Works vehicle 
(2) Cinchona stand production under 'site development'. 

(1) Works vehicle 

The works vehicle is scheduled to be replaced every 
years, first replacement in 1994 and subsequently in 
2000 and 2003 at a set cost of US $27,000. 

As above, this will be depreciated at 33.3% straight 
over three years and allocated zero scrap value. 

(2) Site development - Cinchon~ stands 

three 
1997, 

line 

This is a more complex subject to consider from the angle of 
depreciation, but a simple input is proposed after 
considering various approaches. 
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(a) The lifetime of a Cinchona tree to reach maturity for 
harvesting is a minimum of seven years. 

Consideration was therefore given to simply depreciating 
over seven years, straight line, with no scrap value. 

This would only by valid if trees were uprooted after seven 
years and used in entirety. This is not the case for after 
a first harvesting the trees are allowed to produce a 
further crop in later years. 

(b) As indicated above, after planting out trees are grown 
for a minimum of seven years and then harvested and 
processed. The asset might be thought to be consumed. In 
fact after the first harvest the trees are allowed to 
coppice, i.e. throw out new shoots. These shoots grow to 
produce a further valuable harvest after another seven 
years. The yield of this second harvest is normally in the 
order of 30-33 per cent of the first harvesting. 

Further coppicing may also be applied to produce a third 
harvesting after yet another seven years. At this time the 
whole tree will probably be uprooted when the asset will at 
last be dissipated. The yield from the third harvest will 
be about 15-17 per cent of the first. 

For the purposes of the evaluation any value associated with 
a third harvesting is being ignored as such would not be 
processed until well outside the evaluation period. 

At the first harvest, in effect, it can be assumed that 
about 70-75 per cent of the ultimate output of the tree is 
consumed and that the remaining 25 per cent will start to be 
processed in the 16th year of production. Twenty-five per 
cent is suggested as scrap value. 

As a compromise to represent the residual value of the 
asset, the following proposal is made for current fixed 
assets: 

Current fixed assets - depreciation: 

Item % % yrs. 
dep. scrap dep. 

Works vehicle 33.3 o.o 3.0 
Site development 10.0 25.0 10.0 

In prac~ice, the best method of depreciation might be to 
adopt an annual revaluation system which could also adjust 
for potential market value or relative value to selling 
price of quinine salts. Such a procedure is not appropriate 
for evaluation in this report. 

It will be clear that without the period of production 
this evaluation it will later be necessary to apply 
further d~preciation as the second and third harvests 
taken 
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8. Manpower 

Manpower covers a variety of levels and skills and will be 
needed both in the plantation operation and the processing 
operation. 

With regards the plantation, foresters and planters are 
needed for sustaining planting and maintaining stands. Such 
experiencPd staff are already available. The numbers 
required are not expected to increase substantially, 
although a small increase can be expected with expansion of 
the annual planting area to establish high quality stands. 

Harvesting may be performed by trained casual labour and may 
well be operated on a family basis. This would provide some 
welcome additional and regular employment for annual 
harv~sting wo,ld be effected. 

The processing unit is a different proposition as there is 
no history in the area of similar employment. A variety of 
staff and labour will be required and the different levels 
are discussed later. 

8.1 Manpower Organisation and Responsibilities 

A t,fpical manpower organisation for the processing unit is 
proposed. 

Cinchona 
Ref orestration 
Project-Leader 

Directorate 

General manager/director 

Tissue 
culture 
supervisor 

(1) 

Chemical 
laboratory 
supervisor 

Factory 
manager 

{l) 

Warehouse 
distrib. 

(1) 

Off ice 
staff 

(2) 

Security 
{2/3) 

I { 1) 

Technicians Technicians 

Planters 

Extraction Refinery Salts Drier 
operators operators operators packer 

(4/6) (2) (2) (1) 

+ 

Labourers 
(4/6) 
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Maintenance 
Boilerman, 
Driver 
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General Manaaer (possibly an executive director) 
responsible to Directorate (non-executive) for all aspects 
of marketing, production, maintenance and ·utilities, 
planning of extraction and refining, warehouse 
distribution, training, office administration and security. 

Factory Manaaer - responsible to General Manager for the 
smooth and efficient operation of factory functions and 
production. Will oversee the extraction, isolation, 
refinery and drying sections of production as well as 
services and utilities. Also responsible for satisfactory 
effluent levels and training of workers. Will ensure good 
maintenance of equipment. 

Tissue culture Supervisor - operating at the production 
site would be responsible to the General manager, but also 
work intimately with Cinchona Reforestration project 
leader. Would be involved in practical work. Train and 
supervise technicians and planters. 

Chemical Laboratory supervisor - responsible to General 
manager for analysis of raw materials, production samples 
and final products. Also for analysis of tree selection 
samples and tissue culture samples. Would also be engaged 
in bench work and advise on production control tests. 
Train technicians and assist in operator training. 

Extraction operators assisted by labourers will carry out 
the day-to-day execution of bark extraction and waste 
disposal. Responsible for maintenance of equipment. 
Labourers will particularly operate milling equipment and 
assist as necessary. Production records to be maintained. 

Refinery operators (primary and salts) responsible for day­
to-day operations of isolating quinine and production of 
salts. Responsible for good maintenance of equipment. 
Maintain production records. 

Drier/packer responsible for product drying as available 
and packaging of bulk products. 

Warehouse/distribution responsible to General Manager for 
despatch of products, paperwork and records. 

Off ice staff responsible to General Manager for 
office duties, secretarial, typing, accounting, 
invoices, etc. 

8.2 Manpower Selection and Training 

8.2.1 Labour 
manpower. 

selection, availability and quality 

general 
wages, 

"' local 

The procedures of extraction of Cinchona, isolation and 
purification of quinine salts will be quite new to the 
area. The number of people required is not too large so 
procurement of suitable, trainable people should not pose a 
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problem if care is taken in recruitment. 

Unskilled and skilled positions may be filled by workers 
with some general education. Ability to read, understand 
simple instructions, and to add and subtract is important 
for weighing and reporting is necessary. Skilled workers 
will learn to operate valves, motors and pumps, read gauges 
and general mechanical skills. They will be expected to 
react to situations, give instructions, keep simple records 
and possibly perform simple chemical tests. 

Mechanics and maintenance men with some experience should 
be available in the Malaybalay area. 

Training - labour. 

Both unskilled and skilled operators will need to be 
trained "in-house", both "off-the-job" and more 
particularly "on-the-job". The former will start just 
prior to commissioning and the latter during commissioning 
under the auspices of the proposed technical adviser. 

In the case of mechanics and maintenance staff training and 
familiarisation should take place during the plant 
installation period. Often these staff are recruited from 
the installat5.on crew, but could be specifically recruited. 
During the installation period they should be trained by 
the technical adviser overseeing installation. Training of 
these personnel is made easier · for installation and 
mai tenance manuals of suppliers should be available. Most 
of the plant maintenance will be preventative or involve 
replacement cf seals or valve seats or dealing with 
electrical failures. 

Care would be taken in procurement to ensure a good and 
appropriate stock of spares when purchasing the main 
equipment. Standardisation should be applied in selection 
wherever possible. 

8.2.2 Staff - technical and administrative 

Staff include senior management which should be technically 
orientated, particularly in disciplines of chemistry and 
chemical engineering or engineering. Laboratory technical 
staff will cover disciplines of chemistry and tissue 
culture. 

All technical staff should be college or University trained 
to at least B.S. standard and possibly higher for the 
senior positions. Considering the limited numbers there 
should be adequat~ choice from Malaybalay and Cagayan de 
Oro City to fill the positions. 

Off ice staff duties will not differ much from any other 
manufacturing business and selection and procurement of 
services should present no problem. 
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Training - staff 

Office staff will only need to be trained in any specific 
aspect of the business and in familiarisation with 
terminology. such training will be done "in-house" by the 
General manager. 

For laboratory technicians the detailed training in methods 
and procedures, particularly pertaining to Cinchona 
alkaloids should be readily absorbed by trained chemists. 
Some training and experience in analysis methods, 
especially for the senior QC analyst, could possibly be 
initiated prior to availability of factory facilities by 
renting bench space at a local college or University and 
the programme overseen by the technical adviser. Any 
special equipment needed could be purchased and shipped at 
an early stage and employed at the rented premises until 
completion of the factory facility. Training outside of 
the Philippines is not considered necessary. 

In the case of technicians for meristem tissue culture, 
arrangements for the supervisor to ~rain overseas in the UK 
could probably be made, although satisfactory training and 
experience could be arranged in the Philippines at the 
tissue culture unit at Los Banos, Laguna, Luzon. 
\lternatively, facilities might also be available in 
~indanao. If necessary, an expert from the UK to perform 
training in the Philippines could also be provided and 
though, possibly not essential, would be .advisable. An 
expenditure for such has been included in financial 
considerations. 

Managerial st_~f of General Manager and particularly 
ractory Manager will require the most extensive training. 
The occupants of these positions should have a technical 
background covering chemistry or chemical engineering, as 
well as the ability to plan and exhibit managerial skills. 
In depth training with respect to both equipment and 
technological processes will be needed. Also an 
understanding of the basic principles governing the methods 
applied. 

These positions should be filled at an early stage in the 
project. such personnel, at the worst, should be involved 
in the immediate pre-production period, and preferably as 
early as commencement of installation of plant. 

Involvement at the project formulation stage could be even 
more desirable. 

Training of these personnel should again be done in the 
Philippine~ by visiting technical experts as there is 
virtually no possibility of visiting operating Cinchona 
processing factories to receive training. 
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Much training would be 
supervisor responsible 
later from the adviser 
training. 

8.3 Training Schedule 

gained from assistin~ the technical 
for overseeing installation and 

responsible for commissioning and 

An outline programme schedule is given below. 

Training Schedule 
Startup 

Months -18 16 14 12 10 8 6 4 2 +2 4 6 

General Manager 

Factory Manager 

Technician QC (supervisor) 

Technician TC (supervisor) 

Assistant Technicians 

Maintenance 

Operators 

Office 

8.4 Foreign expatriates 

A foreign expatriate will be needed during the latter 
stages of the building programme (earlier supervised by 
local architect or agents) to check equipment and supervise 
erection and installation of plant and to give some 
training. Additional technical assistance to extend 
training and cover chemical commissioning will probably 
also be expected on site on completion of erection and for 
a period of 2 months: 

Expatriate personnel will require suitable accommodation 
probably in the form of a residence with appropriate 
facilities and domestic assistance, as the alternative of 
hotel accommodation will probably not exist in the 
Malaybalay area. 

Transportation will also be required for whic~ the factory 
vehicle could be used. Financial provision for these will 
be negotiated within the contract price. 
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8.5 Staff and Labour Requirements with Costs 

Type Position No. Rate/Month 
(P) 

Annual Outlay Type 

Day 
Day 
Day 
Day 
Day 
Day 
Day 
Day 
Day 

Director 1 
Factory Mgr 1 
Q/C Technician 3 
Labourer/Drier 3 
Driver/Mechanic 1 
Mechanic 2 
Secretary 1 
Clerk 1 
Typist 1 

12,000 
9,000 
5,000 
1,914 
2,500 
2,450 
3,500 
3,000 
3,000 

Shift Extraction 
Operator 

Shift Labourers 
Shift Boiler 

Attendant 
Shift Refining 

Operator 
Shift Security 

4(2x2) 3,000 
4(2x2} 2,488 
2(1X2} 2,488 

SSS 3% 

2{lx2) 3,000 
2(lx2} 2,488 

Other Costs 10% (includes 13th month) 

Total Salary/Wage Bill 

Shift rate = 1.3 x basic included 

(P) 
144,000 
108,000 
180,000 

68,904 
30,000 
58,800 
42,000 
36,000 
36,000 

144,000 
119,424 

59,712 

72,000 
59,712 

1,158,552 
34,756 

115,855 

1,309,163 

Managerial 
Technical 
Technical 
Unskilled 
Skilled 
Skilled 
Skilled 
Skilled 
Skilled 

Skilled 
Unskilled 
Unskilled 

Skilled 
Unskilled 

These figures apply for processing up to 450 metric tonnes 
bark per annum. At a higher throughput additional staff 
wou;d be needed and 24 hours, 3 shift working would have to 
be operated with the installed equipment in the extraction 
section. This is the most economical method of operation. 

The Additional Staff would comprise: 

Extraction Operators 2 
Labourers 2 
Boiler Attendant 1 

3,000 
2,488 
2,488 

Additional Shift Premium 7.35% 
(night work average) 

SSS 3% 
Other Costs 10% 
(includes 13th month) 

Rate/Month Annual Outlay (P) 

72,000 
59,712 
29.856 

161,568 
11.875 

173,443 

5,203 
17.344 

195,990 

Skilled 
Unskilled 
Unskilled 

Staffing for possible inclusion of meri-stem tissue culture 
is given separately be~ow, but still operating under the 
factory management. 
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Allocation of Manpower Costs 

Allocation of the labour costs may be made to the following 
cost centres. 

Annual costs (year 1) 
Factory labour Cdirect) 

3 day workers 
4 shift extraction workers 
4 shift labourers 
2 shift refinery 
Total 
Total with 13\ surcharge 

Works overheads (labour costs) 

1 Factory manager 
3 QC technicians 
2 Mechanics 
1 Driver/mechanic 
2 Boiler attendants 
1 Clerk/warehouse 
2 Security 
1 Typist 
':'otal 
Total with 13\ surcharge 

Administration overheads Clabour) 

1 General manager 
1 Secretary 
Tot""l 
Total with 13\ surcharge 

p 

68,904 
144,000 
119,424 

72.000 
404,328 
456.890 

108,000 
180,000 

58,800 
30,000 
59,712 
36,000 
59,712 
36.000 

568,224 
642.093 

154,000 
42,000 

196,000 
221,480 

In the financ ... al e- .1uation, the cost centres were not 
strictly adhered to, only the General manager salary being 
allocated to the administration cost centre and the balance 
charged to the production cost centre. 

Total direct labour charges are allocated with 
to production irrespective of throughput. In 
under or over absorption would then be reported. 
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8.5.1 Direct labour input 

The actual allocations submitted for COMFAR projections 
represent:-

Bark throughout level 300 M.T. and 450 M.T. p.a. 

Direct labour comprising: 
p 

456,890 
642,093 

47.460 

Production direct labour 
overheads 'indirect' labour 
Secretary (42,000 x 1.13) 
Total direct labour input 1,146,443 = us $53,000 

Bark throughput level greater than 480 M.T. p.a. 

Additional direct labour is incurred due to increased labour 
force and operation of 3 shift working carrying premiums. 

Normal direct labour input 
Additional costs 

1,146,443 
195,999 

Total direct labour input 
(for 540 M.T.} 1,342,442 = us $61.000 

Production training 

During the first two months of production in the first year 
it is proposed that foreign technical advisers (2) will be 
engaged and the salaries and expenses relating to this 
provision are also charged under 'direct labour'. 

Cost of provision of expert technical 
assistance for production 

DIRECT LABOUR INPUTS 

Year 

1 (1992) 
2/5 (1993/1996) 
6/15 (1997/2006) 

8.5.2 Administration Salaries 

Level 

300 M.T. 
450 M.T. 
540 M.T. 

us $33.000 

Input 
US$ 

86,000 
53,000 
61,000 

Insofar as COMFAR input is concerned, only the ~dlary of the 
Director/General manager has been included and this forms 
part of the Administration overheads input. 

The contribution is: 

Director/General manager salary p 174,020 = us $8,000 
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8.6 Advisory and training payments 

Several items relating to this aspect have been included 
under 'Auxiliaries & services' when performed during the 
co~struction and installation period (refer 6.10.4). 

Under this heading the following are covered:-

1) Technical adviser principally supervising the 
construction, installation, co-ordination and some 
training. 

2) Technical expert for pre-production training of local 
personnel. 

3) Local personnel. 

The local perscnnel would be employed to receive training 
during the installation period and within the last semester 
of installation (semester 1991.2). They would consist of 
the positions listed below at the salaries or wages 
indicated. These levels of payment have been set somewhat 
lower than those which will operate when production 
commences. 

Expenditures incurred are presented as:-

Training period P 

Director/General Manager 
Factory Manager 
Maintenance (2) 
OC analyst 
Plant operators (2) 
Office 

+ 13% surcharge 

6 months 
6 months 
1 month 
1 month 
1 month 
1 month 
Total 

Total charged to Auxiliary & services: 

1) Technical adviser 
2) Technical expert 
3) Local personnel 

Foreign 
US$ 

59,000 
19,000 
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60,000 
45,000 

5,250 
5,300 
4,000 
5,300 

124,850 
16.230 

141,0SO=US $6,500 

Local 
US$ 

6,500 



8.7 Staff inq for Meri-Stem culture 

No Rate/Month Annual outlay 
(P) 

Technicians 2 5,000 120,000 
Skilled Labourers 5 2,400 144,000 
General Labourers 2 1,914 45.936 

309,936 
SSS 3t 9,298 
Other Outlays lOt (includesl3th month) 30 1 994 

Total 350,228 

Technical 
Skilled 
Unskilled 

US$ 16,140 

In the financial evaluation these labour costs have beem 
included under the item of site development. (refer 6.1.1) 

It should be noted that salary/wages levels have taken into 
account the recent agreement for a r2s per day increase in 
(operating from 1 July 1989) minimum wage and consequential 
increases in other levels. 

Particularly for technical staff generous levels have been 
proposed as it would be important to sele~t top quality 
personnel and pay the premium. 

8.8 Plantation Labour 

Labour will also be needed at the plantation for land 
preparation, growing on and planting out trees. Weeding, 
in-tilling and maintenance of the stands and general 
security will be needed. An estimate for this work has been 
made, based on the annual report of the reforestation 
programme of 1988 and included in the site development item. 
Allowance has been made for the current wage increases. 

Harvesting costs have been also charged to the integrated 
project under the heading of "raw material". 

Plantation costs 

Plantation costs for growing on of plants derived from 
tissue culture were estimated by abstraction of recorded 
costs in the Cinchona Ref orestration Project Annual Report 
of 1988. These were escalated by 23\ to cover future wage 
increase adjustments and a 50\ plantation overheads 
contribution. 

Plantation costs for growing-on, 
planting out and maintenance of 
320 hectares p.a. us $50.872 

This figure was used for costing input to production of 
Cinchona trees by tissue culture (refer 6.1.1). 
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9. Iapleaentation Schedule 

An implementation schedule is proposed which is determined· 
from the point of final decision to proceed and award of 
contract. 

Prior to this point various other aspects have to be 
co~pleted, including -

evaluation, 
financial arrangement, 
site selection, 
use of land and general permission for industrial 

building, 
investment approval, and 
tendering. 

The time schedules are presented in simple bar chart form 
in figure 21 and indicate a period of 18 months from the 
granting of the contract(s) until start of production. The 
time intervals are based on current, ~ell scheduled plant 
delivery times and realistic building schedule. 

On acceptance of a tender it is assumed that the 
construction period will commence at the beginning of the 
second semester (half year) of 1991. 

For this pre-feasibility study only a brief implementation 
schedule is presented. On signing-of the tender immediate 
work would start on site and civil plans and designs (to be 
completed in one month) and at the same time on project 
design (scheduled for two months). 

Ordering of longer delivery plant items will take place as 
soon as possible, being given preference for tendering. 
Site and building works should start one month after start 
date, and be essentially complete within ten months. At 
this time all plant and installation material should be on 
site and it is likely that some large items may need to be 
installed before final completion of the roof in the 
extraction section. 

Installation of plant is expected to take six 
which period much basic training will also be 
Production, at about 50 per cent of the plant 
expected to commence 18 months after granting 
after some preliminary commissioning. 
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Major activities and scheduling are represented in the table 
below and in the figure 21. 

Activity Time schedule Duration 

Commence implementing 
Contract granted 1 July 1990 
l'rocess design 1 July 1990 - 31 Jl.ugust 1990 2 m. 
Civil design & site 1 July 1990 - 31 July 1990 1 m. 
Building erection/site 1 Aug. 1990 - 31 May 1991 10 m. 
Plar.t quotations 1 July 1990 - 14 Sept. 1990 2.5 m. 
Order/procure plant 1 Aug. 1990 - 31 March 1991 8 m. 
Ship plant 1 Apr. 1991 - 31 May 1991 2 m. 
Clearance/delivery 1 June 1991 - 30 June 1991 1 m. 
Installation plant 1 July 1991 - 30 Nov. 1991 5 m. 
Technical advisers 1 July 1991 - 31 Dec. 1991. 6 m. 
Training 1 July 1991 - 31 Dec. 1991 6 m. 
Commissioning 1 Dec. 1991 - 31 Dec. 1991 1 m. 
Official completion 31 Dec. 1991 
Production commences 1 Jan. 1992 

152 



BUILDING DESICll 

PROCESS DESIGll 

AWARD CONTRACT 

0 

SECTION 1 

IMPLEMENTATION SCH ED 

153 

. . 1 . . . . 

5 10 
MONTH 



I 0 N SCHEDULE 

' ' ~ 

10 15 
M 0 N T H S 

sec. TION 2 
Figure 21 



Project implementation costs 

The costs under this heading are allocated elsewhere under 
(1) auxiliary and service costs and (2) pre-production 
costs. 

These which are relevant to implementation scheduling may be 
considered to be :-

(1) Under auxiliary and service (refer 6.10.4). 

Local trainees & management 
Design costs (by foreign 
experts, travel, staff, 
fees, etc.) 
Technical adviser, 
construction supervision 
& training 
Foreign expert (training) 

= 10% contingency 

Foreign 
US$ 

300,000 

59,500 
19.000 

378,500 
37.850 

416,350 

Local 
P (US$) 

141,050 

141,050 
14.105 

155,155 

(6,500) 

(6,500) 
( 650) 
(7,150) 

(2) Under pre-production expenses the following have been 
posted especially with respect to tissue culture work 
(refer 6.10.7). 

Technical assistance & 
training for tissue culture 
(including contingency) 

Total relevant to 
implementation scheGuling 

Total (in US$ only) 
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Foreign 
US$ 

40,800 

457,150 

489.596 

IA>cal 
P (US$) 

548,923 (25,296) 

704,078 (32,446) 



10. Financial and economic evaluations 

COMFAR, the UNIDO Computer Model for Feasibility and 
Analysis Reports was employed for the Financial and Economic 
projections. 

The inputs supplied to compute the schedules and which 
originate from the various earlier sections in the study are 
now summarised. 

10.1 Capital investment costs for setting up 

Total initial capital investments for setting up an 
integrated production unit. 

Section Item Foreign Local Total 
US$ in US$ US$ 

6.10.1 Land 25,300 25,300 
6.10.2 Site Preparation 50,690 :50,690 
6.10.3 Structure & Civil 

engineering 203,170 203,170 
6.10.4 Auxiliary & services 668,000 374,000 1,042,800 
6.10.5 Incorporated fixed 

assets 109,500 109,500 
6.10.6 Plant, machinery & 

equipment 1,021,694 154,995 1,176,689 
~.10.7 Pre-production 

expenditure 40,800 25,296 66,096 
Total initial investment 
costs for integrated unit 1,833,644 840,601 2,674,245 

Total initial capital investments to set up processing unit. 

In the case of a 'processing only' unit, the following 
elements of investment cost are not incurred due to the 
elimination of the tissue culture and nursery unit. 

Reductions: Foreign Local Total 
US% in US$ US$ 

Item 
6.10.6 (No.15) 62,560 24,480 87,040 
6.10.7 40,800 25,296 66,096 
Total reductions 103,360 49,776 153,136 

Total initial investment costs 
for processing only unit 1,731,084 790,825 2,521,109 
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Time schedule of expenditure during construction 
(for integrated unit; percentage allocation similar for 
processing only) 

Item 1st semester 2nd semester 3rd semester 

:....ar,:~ & site prep. 100% 
Structure & civil 3- ... o-.. 32% 32% 
Auxiliary & service 36% 32% 32% 
Incorporated fixed 

assets 27% 24% 49% 
Plant, machinery & 

equipment 36% 32% 32% 
Pre-production 50% 50% 

Integrated unit - actual expenditure during construction 

Item 1st semester 2nd semester 3rd semester 
(11~0.2) (1991.1) (1991.2) 

US$ US$ US$ 
Land & site prep. 75,990 0.000 0.000 
Structure & civil 73,100 65,015 65,015 
Auxiliary & service 375,408 333,696 333,696 
Incorp. fixed assets 29,700 26,400 26,400 
Plant, machinery etc. 423,605 376,542 376,542 
Total initial 

investment 977,843 834,701 861,701 

Working capital 

The following parameters were fed to COMFAR for calculation 
of working capital. 

Current assets 

Accounts receivable 
Inventory raw material (a) 
Inventory raw material (b) 
Inventory energy 
Inventory spare parts 
!nventory work in progress 
Inventory finished products 

Current liabilities 

Accounts payable 

pays coverage 

30 
30 
30 
30 
60 
30 
30 

30 

Working capital in COMFAR for year 1 (19•J2) is US $83,517. 

10.2 Total production costs 

In this study several production situations are 
investiga~ed. Principal interest is in an integrated 
production unit, but inputs are also covered for a 
'processing only' unit. 

156 



Raw materials 1 (refer 4.7.2.1.) - Integrated unit. 

The input costs are r cesented by the harvesting costs of 
the Cinchona bark which include packing, handling and 
delivery to the producLion factory. 

Costs are directly related to the volume of bark and 
irrespective of quality. 

Raw material cost: 

Production year Volume Foreign Ll"cal Total 
processed US$ in US$ US$ 

1 (1992) 300 m.t. ( 69,000) ( 69,000) 
2/5 (1993/6) 450 m.t. {104,(\00) (1(.lA,000) 
6/15 (1997/2006) 540 m.t. (125,000) (125,000) 

Raw materials 1 (refer 4.7.1.2.) - Processing only. 

In this case an arbitary world price, representing the pric~ 
at which bark could be bought or sold, may be used. Price 
is very dependent on the quality of the bark and is also 
related to the selling price of quinine salts at the tirue. 

Financial scenarios have only been projected for 'processing 
cnly' vsing five per cent SQ2 bark as it is not normally 
considered profitable to process bark as low as three per 
cent bark (except for blending with higher qu3lity bark in 
times of shortage). 

The input price of five per cent bark is entered at P. 
24.32/kilogram (US $1.1207/kilogram. 

Production year Volume Foreign Local Total 
processed US$ in US$ US$ 

1 (1992) 300 m.t. 336,000 336,000 
2/5 (1993/6) 450 m.t. 50 i I 000 504,000 
6/15 (1997/2006) 540 m.t. 604,000 604,000 

b. Other raw materials (refer 4.7.5.2j 

Chemical additives and reagents are covered here. The cost 
is determined by both quantity of bark procesGed and the 
quality. 

For 3.0% filli bark Csee SOINT 1) 

Production year Volume Foreign Local Total 
US$ in US$ US$ 

1 (1992) 300 m.t. 32,371 17,718 50,089 
2/5 (1993/6) 450 m.t. 48,556 26,655 ... " 
6/8 (1997/9) 540 m.t. 58,268 31,891 

9/15 (2000/06) 540 m.t. 74,333 34,980 - • -'I J 14 
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* 

* 
c. 

The input changes here because with the integrated unit the 
tissue culture stands provide their first harvest and the 
average bark quality increases to 6.5~ SQ2 . 

For 5.0% soz bark {see SOINT 3) 

Production year Volume Foreign Local Total 
US$ in US$ US$ 

1 (1992) 300 m.t. 38,974 18,340 57,314 
2/5 (1993/6) 450 m.t. 58,960 27,012 85,972 
6/8 (1997/9) 540 m.t. 70,153 33,013 103,166 

9/15 (2000/06) 540 m.t. 74,333 34,980 *109,314 

Average 6.5% SQ2 

Utilities and Energy (refer 4.7.4.1) 

Consumption is essentially governed by throughput of bark. 

The inputs indicated are applicable to both SQINT and SQPRC 
schedules relative to particular throughput. 

Throughput 

300 m.t. 
450 m.t. 
540 m.t. 

Utilities 
Foreign Local 

US$ in US$ 

2,249 
2,772 
3,086 

Total 
US$ 

2,249 
2,772 
3,086 

Foreign 
US$ 

10,920· 
16,380 
19,656 

Ene:!'"gy 
Local 
in U~'.$ 

2,936 
3,763 
4,173 

Total 
US$ 

14,256 
20,543 
24,229 

d. Direct labour (refer 8.5 & 8.5.1) 

Direct labour is not directly relatable to the throughput of 
bark. 

In the evaluations, two levels of direct labour are applied, 
depending on whether 2 shift or 3 shift working is 
J1ecessary. 

Also for convenience normal works overhead indirect labour 
has been included under the m~ntle of 'direct labour'. 

such covers supervisory wages, laboratory service, 
maintenance service, warehouse and a secretdry as with this 
unit virtually all work relates to production. 

Direct labour cost up to throughput 480 m.t. p.a.=US $53,000 
Direct labour costs 480/650 m.t. p.a. =US $61,000 

During the initial two months of production in year 
the remuneration and expenses for services of a 
training expert have additionally been charged to 
labour'. 
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Summarised inputs are: 

Production year Throughput Foreign Local Total 
US$ in US$ US$ 

1 (1992) 300 m.t. 33,000 53,000 86,000 
2/5 (1993/6) 450 m.t. 53,000 53,000 
6/15 (1997/2006) 540 m.t. 61,000 61,000 

e. Repairs & maintenance (refer 6.4.2) 

Under planned maintenance, no great fluctuations of expense 
are forecast, only increasing gradually with plant age. 

Production year Foreign Local Total 
US$ in US$ US$ 

1 (1992) 8,000 1,000 9,000 
2/5 (1993/6) 12,500 1,500 14,000 
6/15 (1997/2006) 15,000 2,000 17,000 

f. Spares (refer 6.4.1) 

The first two years are covered as plant and equipment 
initial investment. 

A regular expenditure and consumption is assumed starting 
with year 3 of production. This is applicable to all SQINT 
and SQPRC schedules. 

Spares 

Production year 

3/15 (1994/2006) 

g. Works overheads (refer 7.1.7) 

Foreign 
US$ 

26,000 

These would normally be expected to cover:-

Supervisory labour 
I. Laboratory service labour 

Maintenance service labour 

II. Fuel & energy costs 
Utilities cost 

III. Plant depreciation 

Maintenance materials 
Laboratory materials 
Works vehicle expenses 

IV. General manufacturing expenses 
Protective clothing 
Cleaning materials 
Intermediate packing 
Disposable. 
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* 

h. 

Of these subsections I-IV, it has already been indicated 
that as those of group I have already been allocated to 
'direct labour'. 

Groui:·s II and III to suit COMFAR input requirements are 
dealt with as separate inputs. Group II has already been 
covered and Group III will be dealt with later. 

The remaining Group IV represents the works overheads cost 
submitted in this report and have been considered to be 
essentially directly variable with the SQ2 output of 
production. 

3.0% SQ£ bark {SQINT 1/2) 

Production year Throughput Foreign Local Total 
US$ in US$ US$ 

1 (1992) 300 rn.t. 4,800 5,200 10,000 
2/5 { 1993/ 6) 450 m.t. 7,200 7,800 15,000 
6/8 {1997/99) 540 m.t. 8,640 9,360 18,000 
9/15 {2000/06) 540 m.t. 30~720 33,280 64,000* 

Due to increase to 6.5% SQ2 and high salts output. 

5.0% SO£ bark (SQINT 3/6) 

Production year Throughput Foreign Local Total 
US$ in US$ US$ 

1 {1992) 300 m.t. 12,960 14,040 27,000 
2/5 (1993/6) 450 m.t. 19,680 21,320 41,000 
6/8 {1997/99) 540 m.t. 23,520 25,480 49,000 
9/15 {2000/06) 540 m.t. 30,720 33,280 64,000* 

Adm~nistration overheads {refer 7.1.7) 

At this level of evaluation the administration overheads 
have been considered to be constant irrespective of 
throughput or output. 

Only the salary of the Director/General ~anager has been 
included within the administration overheads heading. 

Production year 

1/15 (1992/2006) 

Foreign 
US$ 

Applicable to all SQINT and SQPRC schedules. 

Local 
in US$ 

88,000 

Total 
US$ 

88,000 

i. Sales and distribution (refer 3.6.1) 

Only indirect sales and distribution sales costs have been 
applied for evaluation. 

160 
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These costs relate directly to the quantity of finish~d 
salts marketed and are applicable to ~11 SQINT and SQPRC 
schedules. 

Indirect sales and distribution costs 

Throughput bark Foreign Local Total 
US$ in US$ US$ 

300 m.t./3.0% SQ2 18,000 18,000 
450 m.t./3.0% SQ2 26,000 26,000 
540 m.t./3.0% SQ2 32,000 32,000 

300 m.t./5.0% SQ2 48,000 48,000 
450 m.t./5.0% SQ2 72,000 72,000 
540 m.t./5.0% SQ2 86,000 86,000 

540 m.t./6.5% SQ2 111,000 111,000 

De:Qreciation (refer 7.1.8) 

Depreciation of all assets is entered under COMFAR as a 
single item coverirg initial tixed assets and current fixed 
assets. 

Initial fixed assets depreciation is determined from the 
following rates and periods of depreciation and relevant 
salvage (or scrap) values allocated. 

Initial fixed assets 

Item 

Land 
Site 
Structures 
Incorporated fixed 

assets: 
(a) works vehicle 
(b) technology 
Plant & machinery 
Auxiliary & service 
Pre-production 

Current fixed assets 

Initial fixed 
assets values 

US$ 

25,300 
50,690 

203,170 

27,000 
82,500 

1,176,689 
1,042,800 

66,096 

% % yrs. 
dep. scrap dep. 

o.o 100 0.0 
10.0 15 10.0 
10.0 15 10.0 

33.3 nil 3.0 
10.0 nil 10.0 
10.0 10 10.0 
10.0 10 10.0 
10.0 nil 10.0 

In view of the fact that it has been projected that no major 
replacement of capital plant and equipment or buildings, nor 
any new items, will need to be installed during the fifteen 
years of production scheduled in the evaluation, this 
section covers only two items. Depreciation of these is 
determined from the following parameters. 
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10.3 

Item ' ' yrs. 
dep. scrap dep. 

Works vehicle 33.3 nil 3.0 
Site development (Cinchona) 10.0 25 10.0 

S~les price (refer 3.6) 

All sales are made in terms of SQ2 and the price recorded on 
this basis as f .o.b. nearest airport. 

A constant sales price has been entered throughout the whole 
evaluation period. 

Sales price: us $70.0 per kilogram SQ2 

10.4 Financial Scenarios and Inputs 

In view of the fact that the quality of the Cinchona bark 
input was not fully available during the study, several 
scenarios were examined. 

The first scenario was based on a preliminary set of 
analyses performed on available bark samples, albeit from 
undefined, diseased trees. Analysis of these showed an 
average sQ2 content of 3\. Although from experience it was 
considered that such a low level would not be economic as a 
standard level over the years, the situation was examined 
in depth from the viewpoint of upgrading the quality of the 
cinchona stand over future years as quickly as possible. 
This scenario, therefore, examined an input of bark at 3\ 
with a first year throughput of JOOMT, followed by 4 years 
at 450MT per annum, and then incre~sing to 540MT per annum. 
These are levels of bark calculated as being available over 
the years. The Cinchona stand improvement programme was 
integrated in the analysis. Schedules were produced using 
the UNIDO Computer Model for Feasibility and Analysis 
Reports (COMFAR). 

For the first scenario referred to as SQINTl, a full set of 
schedules have been attached, including a summary sheet 
with SER (Shadow Exchange Rate) adjustments. 

The second scenario was investigated to show the situation 
if the quality of the stand was rather better than the 
initial analysis suggested. An arbitrary content of 5\SQ2 
was chosen as not being unrealistic in view of the fact 
that three c. Ledger species (usually containing highest 
quinine contents) are planted and together comprise over 
54% of the mature stands and 62.5% of the immature stands. 

For this scenario, referred to as SQINT2, similar schedules 
with the exception of the projected balance sheet and net 
income statement, have been presented. Investment and 
working capital costs are the samP- as SQINTl. A summary 
sheet considering a 6 year tax holiday, for which this 
project could qualify, has also been presented. 
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Two further scenarios are also considered where again the 
bark quality was assumed to be 5%SQ2 , and that this quality 
would remain constant throughout the analysis period. In 
these cases an independent processing unit purchasing the 
bark at suggested world market price, and having no 
involvement in establishment of future plantations, was 
considered. The only difference in the scenarios is that 
one employs a constant throughput of 450MT per annum, while 
the latter incorporates an increase in throughput from the 
6th year on to 540MT per annum. 

The third scenario (SQPRCl & 2 entitled "Processing only 
450MT") and the fourth scenario (SQPRC3 & 4 entitled 
"Processi.ng only 540MT") each present two summary sheets, 
the second in each case with SER adjustment. 

Only schedules for total investment costs, total production 
costs, cash flows, cash flow discounting and net income 
statements have been presented. 

The inputs on which the analyses have been based have been 
itemised in sections 10.1, 10.2 and 10.3 

10.5 Financial Evaluation 

A separate summary of the financial·and Economic analyses 
resulting from the COMFAR presentations is to be given 
later and will cover such indicators as the Net present 
Values (NPV) and Internal Rates of Return (IRR). Other 
aspects of interest which will ,e considered below cover 
the payback periods, breakeven pvints and sensitivity. 

10.6 Payback periods 

These are derived from the COMFAR schedules and summarised 
below. The figures quoted are relative to commencement of 
production, from commencement of contract 1.5 years should 
be added. 

Profile 

SQINTl 
SQINT2 
SQPRCl 
SQPRC2 

10.7 Breakeven analysis 

Payback period (years) 

12.0 
5.5 

11.C 
10.3 

These are based on the 3%SQ2 and 5%SQ~ integrated profiles 
and the following situations are covered. 

1. Production level~ 
2. Sales price levels 
3. SQ2 level 
4. Isolation yield level 
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10.7.1 Production levels 

(a) Throughput level for 3%SO~ 

This has been determined graphically as the analysis is 
complicated by the fact that the level of fixed costs 
changes at different throughput level brackets according to 
shift utilisation and possible further plant investment. 

Breakeven analysis depicted in figure 22 shows that it 
would be necessary to install a second extractor and 
process a level of l,060MT 3\ bark per annum. Such ~ level 
is not feasible without i~stallation of a second extractor 
and this level of bark is not available. 

(b) Throughput level of 5%SQ~ 

This is presented graphically in figure 23 and a breakeven 
throughput level of 200MT per annum is indicated. 

This may also be confirmed mathematically. Variable costs 
include all items relating to throughput of bark including 
sales commission and is calculated at $634.4 per MT. 
X = MT at breakeven. 

Production Volume x unit price=f ixed costs + variable costs 

_.2_ x Xx 0.85 x 70,000 = 467,194 + 634.4X 
100 

2,340.6X = 467,194 

X = 199.6MT 

Breakeven Ccalcl = 199.6MT or 44.35% scheduled 
throughput 

This can equally be interpreted as sales breakeven point 
at 44.35% of sales. 
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10.7.2 Sales Prices 

(a) For 3%SQ2 content, 450MT per annum 

Output 
Production cost 

6,980kgsSQ2 
$642,920 (fixed) + 6980 x 5.JX 

100 
where X = US$ price per kg 
Then 6980 X = 643,920 + 370x 

x = 97.4 
Breakeven will be m~t at a sales price of $97.4 per kqS02 

(b) For 5%SQ2 content, 450MT per annum 

Output 
Production costs 

19,125kgsSQ2 
$680,674 + 19,125 x 5.JX 

100 
Then 19,125X = 680,674 + 1014X 

x = 37.6 
Breakeven will be met at a sales price of $37.6 per kqso2 

10.7.3 Bark so£ content 

Breakeven level for SQ2 content of bark at fixed throughput 
of 450MT per annum. 

Variable costs relate here to refining chemical costs, 
general overheads and sales commission with respect of 
output production and can be calculated at $5557 per 
lOOOkgSQ2 • output yield 85% (assumed). 

Fixed costs, relating to bark throughput are $608,751. 
Then X = %SQ2 level for breakeven. 
_x_ x 450 x 0.85 x 70,000 = 608,751 + _x_ x 450 x 55'>7 
100 100 

x = 2.51 

This result is, however, misleading. In the calculation it 
has been assumed that an overall isolation yield of 85% 
would be achieved. This would not be achieved from a bark 
of content 2.51%. Inevitably such a bark (unless from a 
high quality immature c. Ledgeriana tree) would contain 
other alkaloids in sufficiently high content to depress the 
isolatable yield to as low as 50%. The calculation can be 
repeate.d incorporating the yield set for 3%SQ2 in scenario 
one which was 51.7%. This reduces the variable costs per 
1000kgsSQ2 to $4320. 
Then 

_x_ x 450 x 0.517 x 70,000 = 608,751 + _x_ x 450 x 4320 
100 100 

143,415X = 608,751 
x = 4.79 

The real breakeven point will lie somewhere between 2.51% 
and 4,79% SQi but as no direct correlation exists between 
content and yield it is not possible to be more accurate. 
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10.7.4 Isolation yield levels 

(a) Breakeven isolation yield for 3%SO~ bark 

This value can be readily calculated and can be useful in 
assessment of individual bark qualities. In this case it 
is not possible to incorporate the sales commission in the 
variable costs as such without knowing the isolatable 
yield. The sales commission is therefore allowed for in 
the revenue side of the equation. Variable cost per 
kilogram SQ2 in bark for this calculation is $3128. An 
assumption has to be made that the chemical consumption 
cost does not appreciably change with yield and in fact 
this would not be substantial as most chemical cost relates 
to the bark processing and initial isolation. 

Then where X = isolatable yield % 
0.947x~3_x450x_lLx70,000 = 622,559+~3_x450x3128 

100 100 100 
8949X = 664,787 

x = 74.3 
Breakeven isolation yield = 74.3% 

(b) Breakeven isolation yield for 5%SO~ bark 

This may be calculated in an analogous manner. 

The result is:-
Breakeven isolation yield = 46.5% 

This in effect indicates the scope of inefficiency in 
isolation which could be tolerated before losses are made. 

10.8 Sensitivity Analysis 

This analysis has been applied to the case of integrated 
processing of 5% SQ2 bark for which the reference levels 
are :-

Sales Revenue 
Fixed Production Costs 
Variable Production Costs 
Depreciation 

US$ 
US$ 
US$ 
US$ 

1,338,750 
467,194 
285,478 
271,194 

Analysis has considered the effect of variation of unit 
sales price, variable production costs and fixed production 
costs. Levels of +/- 20% have been chosen and calculations 
based on 

fixed production costs 
BEP = ----------------------------------------- x 100 

sales revenue - variable production costs 

(a) sales revenue +/- 20% ; fixed and variable costs co~stant 

At + 20% BEP = 

At - 20% BEP = 

35.4% 

59.5% 
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These correspond to sales levels of 6.77 MT SQ2 (+20%) to 
10.77 MT SQ2 (-20%). 

Alternatively they may be interpreted as a safety margin of 
64.6% at +20% or 43.7% at -20%. 

(b) Variable costs +/- 20% ; fixed costs and sales revenue 
constant. 

At + 20% BEP = 47.12% 

At - 20% BEP = 42.26% 

(c) Fixed costs (excluding depreciation) +/- 20%, variable 
costs, depreciation and sales revenue constant. 

At + 20% BEP 48.1% 

At - 20% BEP = 40.6% 

10.9 summary of Financial and Economic Analyses 

General Considerations 

Four scenarios were examined in the financial and economic 
analyses, the scenarios differing in terms of the quality 
of the bark, the mode of operation (integrated vs. 
processing alone), and the scale of operation (450 MT vs. 
540 MT of bark). The UNIDO Computer Model for Feasibility 
Analysis and Reports (COMFAR) was used to conduct the cash 
flow analyses. However, certain common assumptions were 
adopted in the delineation of the cash flows from both the 
investors' and the economy's viewpoints: 

(a) All financial flows are in US dollars at constant June 
1989 prices, with the exchange rate placed at P21.70/$1. 
Relative prices are assumed to remain the same throughout 
the project life (15 years for analytical purposes). 

(b) Construction is assumed to start on the second 
semester of 1990, running over three semesters, so that 
production starts in 1992. Only 300 MT of bark will be 
processed on the first year, rising to 450 MT by the second 
year. 

(c) The build-up of working capital is assumed to start on 
the first year of operation, with 60 days' coverage for 
spare3 and 30 days' coverage for all other accounts 
(including receivables and payables). 
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Scenario A 

The first scenario considers a 3% yield on the bark, which 
was what the initial test results showed. Because of this 
low yield, the quinine plant would be worth establishing 
only if a cinchona replanting program would be started to 
produce trees with higher yield. The analysis for Scenario 
A thus covers an integrated cinchona plantation and quinine 
processing plant. 

The capital cost of the quinine plant itself is $2521.11 
thousand, but the laboratory and nursery facilities add on 
$153.14 thousand to the initial investment. Developing the 
plantation also means incurring current investment costs of 
$244.74 thousand for 1992 (the first year of pro1uction, 
declining to $220.60 thousand by 1999 (the eighth year of 
production). Since the analysis covers only 15 years of 
operating life, new planting is assumed to last only up to 
1999. The planting expenses are considered as current 
investment rather than production cost, as the trees do not 
mature until after seven years. 

The schedule of throughput is 300 MT of bark in year 1, 450 
MT for years 2 to 5, and 540 MT for year 6 onwards. 
However, if the present stock of trees yields only 3% 
quinine, the increase in yield will be felt only by year 9, 
when average yield rises to 6.5% quinine. 

The resulting analysis shows a financial internal rate of 
return (IRR) on total investment of only 9.08%, before the 
corporate income tax. The application of income taxes will 
of course reduce the profitability. Even with a six-year 
tax holiday as allowed for by the Omnibus Investment Code, 
financial profitability will not be enhanced, as prof its 
are not realised until after 1999, when revenues rise 
significantly. 

From the economy's viewpoint, the cash flow adjustment 
made was simply the applica~ion of the shadow exchange rate 
(SER) to all inflows and outflows involvin~ foreign 
exchange. The ratio of the SER to the Official Exchange 
Rate used is 1.2, which is the official Philippine 
government estimate. Since the project is export 
producing, the resulting economic IRR is higher than the 
financial IRR at 10.81%, but still much lower than the 15% 
social opportunity cost of capital officially adopted by 
the Philippine government. 
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Scenario B 

Further testing of bark samples will be conducted to verify 
whether the 3% yield is indeed representative of the whole 
plantation. The second scenario looks at what would happen 
to profitability if the new tests should show a higher 
yield at, say, 5% quinine. The financial IRR before the 
corporate income tax rises significantly to 23.67% in this 
case. Wi~..h the six year tax holiday, investor 
profitability is still high at 20.89%; in fact, even with 
no tax incentives, the project yields a financial return of 
17.4oi. The economic IRR also looks good under this 
scenario, at 26.60%. 

Scenario c 

The third scenario examines the case where only processing 
is involved, with the investors buying the bark at world 
market prices. The quinine content is assumed constant at 
5%, with production throughput at 300 MT on year 1 and 450 
MY from year 2 onwards. (The 3% case in this arrangement 
is not profitable.) The financial IRR in this scenario is 
only 12.52% before tax, while the economic IRR is 15.08%. 

Scenario D 

The fourth scenario differs from the third only in the 
assumption that from year 6 onwards, the throughput rises 
to 540 MT. As expected, the financia·l IRR rises to 14.50%, 
while the economic IRR rises to 17.00% with the higher 
capacity utilisation. 

SUMMARY OF COMFAR RESULTS 

SQINTl)A 
SQINT2) 

SQINT3) 
SQINT4)B 
SQINT5) 
SQINT6) 

SQPRCl)C 
SQPRC2) 

SQPRC3)D 
SQPRC4) 

Description 

3%-3%-6.5% w/o tax 
3%-3%-6.5\ w/ SER 

5\-5%-6.5% w/o tax 
5%-5%-6.5% W/ SER 
5\-5%-6.5% w/ tax 
5%-5%-6.5\ w/ hldy 

5%--450 MT w/o tax 
5%--450 MT w/ SER 

Investment 
Foreign Total 

68.83% 
72.61% 

68.83% 
72.61% 
68.83\ 
68.83% 

68.92% 
72.68% 

2674.25 
3042.40 

2674.25 
3042.40 
2674.25 
2674.25 

2521.11 
2868.60 

5\--540 MT w/o tax 68.92% 2521.11 
5%--540 MT w/ SER 72.68% 2868.60 
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Indicators 
NPV 15% IRR 

-1360.53 
-1118.53 

1585.73 
2438.06 
398.30 
926.92 

-300.59 
11.48 

9.08% 
10.81% 

23.67% 
26.60% 
17.40% 
20.89\ 

12.52% 
15.08% 

-65.78 14.50% 
304.50 17.00% 



10.10 FURTHER CONSIDER>,TIONS BASED ON C. LEDGERIANA ALONE 

The recent 
Ledgeriana 
extraction 
throughput 
production 

analysis results indicate so far that only 
can be considered of suitable quality 

processing. Clearly this is much lower than 
required for viable production in the size 

unit evaluated. 

c. 
for 
the 
of 

Although all analysis of latest samples have not yet been 
completed, there is sufficient information to suggest that 
the average bark content must be below 4t and with a 
relatively high cinchonidine content. This also is 
unsatisfactory. 

It was considered necessary before dismissing t.~e project 
out of hand to investigate the possibility of utilising the 
good quality Cinchona bark alone. 

The quantity of c. Ledgeriana available for a sustained 
programme has been determined at lOOMT per annum (see Table 
3) and analysis indicates a content of 6.St SQ2 • The 
consistency of this level and quality would need to be 
checked by a wider analysis screening. 

The level of lOOMT has been demonstrated to be too low a 
throughput for the size of plant having a throughput of up 
to 650MT per annum and consideration must be given to a 
smaller production unit. There is evidence of small units 
having been operated in Colombia, Equador and Bolivia, 
though not necessaril~ profitably. 

Consideration is therefore given to a production unit which 
could process between lOOMT and 325MT per annum, which is 
sot of the size of the original proposal. To consider less 
capacity than this is not advisable for the reduction in 
capital costs and operating costs would be low. 

Processing of lOOMT c. Ledgeriana bark with 6.8\ so1 content 

It is ~roposed:-

1. That a processing plant of capacity 300/325MT per annum 
should be mO'St appropriate which would process lOOMT per 
annum working on one day shift. Capacity would be available 
for later expansion. The smaller the equipment the more 
relatively expensive it will be. 

2. Changing the buildings 

(a) Reducing the size of the bark and raw material store. 
(b) Maintaining the design of the processing building except 
that the function of the rooms should be modified to 
incorporate offices and laboratory. 
(c) The off ice and laboratory block would not be built. 
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3. That a site of 1 hectare should still be considered to 
allow for later extension. Costs would be reduced to some 
extent in site works by only fencing the operating area and 
internal service roads would be limited. 

Again different scenarios will be considered for comparison, 
looking briefly at a processing plant only and an integrated 
unit. 

For this exercise the estimates may be less accurate as 
plant and equipment costs are determined by a rule of thumb 
factor. 

Normally a factor of 1.6 is applied when doubling the size 
of a plant; the converse is used here. 

1. PROCESSING ONLY 

Inputs 
Initial investment 

Land cost 
Site preparation and development 
Structure and civil engineering 
Auxiliary and services 
Installed plant and machinery 
Incorporated fixed assets 
Pre-production costs 
Technology 
Total initial investment 

current investment 

Working capital 
Total investment costs 
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25,300 
40,000 

126,000 
651,750 
639,806 

·109,500 
29,812 
75.000 

1,697,168 

44.557 
l,771,725(70.7%foreign) 



Production cost inputs 
Raw material 

Purchasing bark of 6.8% SQ2 at P35.9 ($1.654) per kg. 
Cost fo~ lOOMT = US $165 1 400 

L51.bour and Salaries 
p 

Director/Manage~ 144,000 Allocate 
Secretary/typist 42,000 to Adlllin. 
Security 36,000 overheads 

222,000 x 1.0833 = us $11,082 

QC(2) 120,000 
Mech/Driver(2) 58,800 Allocate 
Boilerman 29,856 to Factory 
Warehouse/clerk 36,000 overheads 

244,656 x 1.0833 = us $12,213 

Extraction operators(2) 60,000 Allocate 
Labourers(2) 49,760 to Direct 
Refinery(4) 91,872 labour 

201,632 x 1.0833 = us $10,066 

Pre-production (foreign) US $27,COO 

Pre-production labour (local) 

Director/Manager 43,200 
Mechanics(2) 4,000 
QC 5,000 
Operators 3,828 Pre-production 
Off ice 5 000 

61,028 x 1.0833 = us $ 3,047 

Utilities and fuel (for lOOMT) US$ 5,226 
Repairs and maintenance US$ 3,111 (est) 

Factory overheads (excludes deprecia~ion P & M) 
US$ 

Indirect labours 
Maintenance materials 
Laboratory expenses 
Gen. manufacturing 
Works vehicle 

12,213 
3,111 (est) 

500 (est) 
8,500 (est) 
1.000 (est) 

25,324 

Admin. overheads (excludes building depreciation) 

Salaries 
Maintenance 
Rates 
Insurance (3. 5%) 
Legal & Professional 
Audit 
Stat. travel 
Post & telephone 
General charges 
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11,082 
1,500 (est) 
4,000 (est) 

36,105 
1,500 (est) 

700 (est) 
1,200 (est) 
1,000 
1.000 (est) 

58,087 
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Chemical additives 

Bark processing 
Salts processing 

Qepreciation - Plant & machinery 
Buildings 
Vehicle 

Total depreciation 

15,300 
5,676 

20,976 

10 years 
20 years 

3 years 

us $158.886 

Production costs {Processing unit 

Raw material 
Other chemicals 
Utilities 
Energy 
Labour - direct 
Repair, maintenance 
Factory overhead 

Factory costs 
Awnin. overheads 
Depreciation 
Sales Comm. & royalty 

Total costs 

PROCESSING ONLY 

Net Income statement 

Total sales 
Production costs 
Operational margin 
Gross & net prof it 
Gross prof it \ sales 
Net prof it \ sales 
ROE, Net prof it, \ equity 
ROI, Net; profit, \ investment 

Conclusion 

165,400 
20,976 

616 
4,610 

10,006 
3,111 

25.324 

230,043 
58,087 

158,886 
12.138 

459,154 

US$ 
404,600 
459.154 
-54,554 
-54,554 
-13.483 
-13.483 
- l.214 
- 3.132 

As illustrated in figu.re 24, a throughput of 130MT of 6.8\ 
SQ2 bark is necessary before reaching the breakeven point • 
Even at full capacity the return on equity is only 16.5\. 
The substantial inc~ease in fixed overheads at 200MT 
throughput is dua to increased depreciation resulting from 
the necessary building at this level of a separate 
office/laboratory building, costs estimate US $90,000. 

This scenario only beg.ins to look attractive at full 
capacity through?ut. 
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2. INTEGRATED UNIT WITH IMPROVEMENT OF PLANTATION 

Cost of cinchona bark raw material is replaced by the 
harvesting costs. 

Purchase price of lOOMT bark 
Harvesting cost 
Reduction in production costs 

us $165,400 
us $ 23.111 
us $142,289 

Additional costs for establishment of high quality cinchona 
stand (increase quality and volume to 300MT per annum 
planting 240 hectares) 

(a) Initial investment - tissue culture laboratory 

Single storey 200m2 

Equipment 
Pre-production expenses 
Total initial investment 

(b) current investment 
Additional working capital 
Site development cost for 

planting 240 hectare~ 
Total investment costs (yr 1) 

Production costs 
Less RM reduction 

+ depreciation increase 
Total production costs 

Net income statement 

Total sales 
Production costs 
Operational margin 
Gross & net prof it 
Gross prof it % sales 
Net profit % sales 
ROE, Net prof it, % equity 
ROI, Net profit, % investillent 

Conclusions 

us $ 40,000 
us $ 87,000 
us $ 40,800 
us $1,864,968 (70.8% foreign) 

us $ 26,200 

us $ 185,556 
us $2,121,281 

us $ 459,154 
142.289 
316,865 
18.555 

335,420 

US$ 
404,600 
335.420 
69,180 
69,180 
17.10% 
17.10% 

3.71% 
3.57% 

Figure 25 indicates a brea~even point at 80MT per annum. 
The scenario is not attractive at the lev~l of estimated 
current availability of bark of 6.8% SQ2 but would start to 
be attractive from 160-200MT per annum on the basis of this 
simple analysis. 

After about eight years when the new stands would be mature 
the throughput of JOOMT per annum would be available of 
improved quality. The project would then be very 
profitable. 
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In view of the fact that current assessment suggests that no 
more than lOOMT per annum of high testing bark is available 
the financial analysis will not be taken further at this 
point, but consideration given to the supply position. 

Sufficient possibilities can be seen to justify carrying out 
a more detailed and extensive analysis of existing stands. 
It is thought that estimates have been determined 
conservatively and it is possible that some reasonable 
quality barks may exist amongst the c. Officinalis and c. 
Hybrid to supplement the level of available bark su~table 
for extract~on. 

An estimate has also been made ~o determine the effect of 
delaying harvesting until later years during which time 
quinine will be ~ccumulating on the trees. These 
projections are indicated in table 4 when it is found that 
delaying any harvesting until at least 1993 an off-take of 
c. Ledgeriana amounting to 160MT per annum, covering 
processing from 1993/4 to 1999/2000, could be realise~. 

For processing after 1999/2000 it would be necessary to 
start planting a minimum of 160 hectares (2m x 2m) with c. 
Ledgeriana seeds in 1990 and continuation at this level 
until plants from tissue culture become available. 

Planting should preferably be performed in the new areas at 
lSOOm level and apart from the more preferred situation will 
be well separated from other species currently planted. To 
preserve an adequate supply of good quality seeds, it may be 
necessary to remove any other species in the immediate 
vicinity of good quality trees to avoid subsequent cross 
pollination. This appears to be a realistic approach with a 
good possibility of success and, apart from the immediate 
necessity to start collection and planting of c. Ledgeriana 
seed and plants, gives the time to fully assess the 
potential and quality of the stands while giving in-depth 
attention to the planning of processing and development. 

Financial and 
detail, but 
possibilities. 
considerations 
with regards to 
utilisation. 

economic 
figures 

From 
can be 
foreign 

evaluation cannot be 
shown do indicate 

the economic point 
given to basic economic 
exchange, local purchases 
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TABLE 4 

CALCULAT:IOH OP c. LEDGER:IAHA AVA:ILAB:IL:ITY W:ITB DBLAY81> BARVBST:IHG 

Year: 1970 1971 1972 1973 1974 1975 1976 

1993 bark 55 88 101 22 25 11 
available 
Harvest 55 SQ. 17 

84 
1994 bark 89 23 27 12 
available 
Harvest 89 23 27 12 

Year: 1977 1978 1979 1980 1981 1982 1983 

1994 bark 33 34 113 17 21 61 58 
Harvest _l! 

24 

1995 bark 25 36 120 18 22 65 51 
Harvest 25 36 99 

21 

1996 bark 22 19 23 69 65 
• Harvest 22 19 23 69 27 

38 

Year: 1983 1984 1985 1S86 1987 1988 

1997 bark 40 16 106 83 31 37 
Harvest 40 16 104 

2 

1998 bark 2 88 33 39 
Harvest 1 ' ll ll 37 

1999 Harvest - from plantings 1992 or ealier. 

• 
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Foreign exchange 

Under operating conditions three areas are considered:-

1. Saving of foreign exchange; 
domestic supply of currently and 
possible future importation of finished 
quinine is limited and estimated to 
amount to US $25/50,000 p.a. 

2. Earning of foreign exchange from 
export sales 

3. Additional foreign exchange 
outlays on chemicals 

Net benefit 

Local purchases 

us $647,000min.p.a. 

us $20,000 

us $652/677,000p.a. 

Chemicals, utilities and 
miscellaneous materidls min PJOO,OOOp.a. 

Labour 

Although not substantial covers both technical and manual 
labour initially amount to 17 persons. However, there will 
be also some increase in plantation labour-and creation of 
regular, though seasonal, additional labour for local 
residents during the harvest season and possibly employing 
some 100/120 ~ersons. 

Technology 

Albeit small in stature, this project does create the 
development of chemical and extraction technology and 
initiation of a basic bulk pharmaceutical production. 

The basic parameters of the plan could also lend itself to 
utilisation for extraction of other natural products in the 
unlikely situation that the market or raw material supply 
would fail. 

10.11 Land utilisation and Cinchona supply 

Recent info1mation (30.8.1989) confirms that the 8,600 
hectare of land indicated for Cinchona cultivation has only 
been identified by DENR 10 as a potential expansion area for 
contract reforestration, or industrial tree plantation. It 
does not fall within the Cinchona Forest Reservation nor is 
it proposed that it should do so. 

Development of the land could be by contract growing by 
small holders or as an industrial tree plantation. Such 
development would not preclude involvement by DENR or supply 
from the Cinchona Forest Reservation. 
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Although not detailed in the report, these situations could 
well be incorporated into the integrated unit, or otherwise, 
all planting and funding costs having been included. The 
costs might need reallocation. Lease of forest land was not 
specifically included as it was not able to establish the 
possible cost. The price would be expected to be 
considerably less than the figure quoted in the Lantapan 
area of PlOOO per hectare for agricultural or industri~l 
land and should have little significance in the total 
growing cost. 

If necessary, in the case of not being under direct control 
of the production company, a protection of the supply 
position could be secured by a Government imp~sition of a 
ban on exportation of Cinchona bar~ . 
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10.12 Plantation costs and returns 

Costs· of planting, maintenance and harvesting are exactly 
the same for all qualities of trees. For this reason alone 
only high quality stands should be cultivated. 

The costs of growing need closer examination for variations 
have been observed in figures presented by different 
sources. The highest figure just received from the 
Director, DENR, Manila is P 15,000 per hectare average for 
planting and three years' maintenance of denuded forest. 

Harvesting costs also bear closer examination. Generally 
figures of P 5,000 per hectare maximum were reported, but in 
a paper later received from the Forest Management Bureau a 
figure of P 5,113,898 (including administration, road 
maintenance and transportation costs to Cagayan de Oro City) 
for 600 m.t. dry bark were estimated. This corresponds to P 
8,523 per hectare. 

Estimation of plant returns 

Assumptions: 

Planting 1 hectare, 2m x 2m 

Survival rate 53%; mature trees 

Yield for 7 year old c. Ledgeriana 

Total yield per hectare 

= 2,500 seedlings 

= 1,325 trees 

= ~.15kg per tree 

~ 1,523kg dry bark 

Cost of planting l hectare at P 15,000 
per hectare (assuming all cost 
incurred first year although in 
practice some is in later years = P 15,000 

Assuming investment borrowed at 12\ 
p.a. interest over 7 years, interest 

Sub-total 

+ Harvesting cost 

Total cost 

= p 18.160 

= p 33,160 

= p 8.523 

= p 41,683 

The situation of margin may be compared for different bark 
qualities assuming valuation is at the 'World prices' 
suggested within the report. 

These are: 

SQ2 content: 5.0t 6.8% 7.5t 9.0t 

Value per kg: (P) 24.32 35.99 41.12 51.98 
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Operating margins: 

S02 5.0\ 6.8t 7.St 9.0t 9.0t(MS) 

Sales value (P) 37,039 54,813 62,626 79,166 79,166 
Costs 41,683 41,683 41,683 41,683 46,673 

Margin -4,644 13,131 20,943 37,483 32,493 

ROI -11.ot 31.5\ 50.2t 89.9t 69.5\ 

The final column has been included because, in practice, it 
w~uld be very difficult to establish a consistent stand of 
9.0\ so2 by methods other than meristem tissue culture. 

For tissue culture the production costs are somewhat higher 
and are estimated at P 46,673 in the first year, gradually 
reducing in later years. The result indicates clearly that 
the additional expenditure is justified. 

The profit margins are good, but there could be further 
scope for imp~ovement. Investment in the use of 
fertilisers and other methods to improve quinine contents 
and bark yields, although incurring additional expenditure, 
should be investigated for they are likely to improve the 
rate of return even further. 

The so called 'world prices' are acceptable to 
manufacturers with substantial throughput. Margins increase 
quite rapidly with increase in throughput. For the sizes of 
operations considered for the Philippines (even the higher 
level of 450/540 m.t. per annum) the prices are really 
higher than can be easily borne. The growing margins are 
sufficient to probably negotiate lower domestic prices if a 
'processing only' operation should be considered. 

The 'world price' is somewhat arbitary and it has always 
been suspected that the larger manufacturers who also 
control their own plantations enter into purchases from 
outside sources to keep the price of gene~ally available 
bark high for their competitors. By averaging out they can 
maintain a further distinct advantage over any non-growing 
manufacturers. This has no doubt contributed to the demise 
of several producers in the past. 

It can be seen that very attractive returns can be realised 
by growing Cinchona ~ark, but it is absolutely essential to 
grow high so2 content trees. It is for this reason that 
almost entirely c. Ledgeriana is found as the preferred 
species • 
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ANNEX l 

ANNEX 2 

ANNEX 3 

ANNEX 4 

MOIBDB 

CO MF AR 

Inteqrated quinine plant 

Jt content with improvement 

SQINT 1 
SQINT 2 (with SER adjustment) 

Inteqrated quinine plant 

5\ content with improvement 

SQINT 3 (without tax) 
SQINT 4 (with SER adjustment) 
SQINT 5 (with corp. income tax) 
SQINT 6 (with 6 yr. tax holiday) 

Processing only, 450 m.t. 

St content 

P• A 1-28 

p. A 29-43 

SQPRC 1 (without corp. income tax) 
SQPRC 2 (with SER adjustment) P• A 44-57 

Processing only, 540 m.t. 

5\ content 

SQPRC 3 (with SER adjustment) 
SQPRC 4 (without corp. income tax) p. A 58-70 
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Tot.I ,roduchon (•>'it'> . . i,:;. 'fili! 1,-;.i. ~-·.: :.t.:.1~ 7f,7.H: nut& 

=============== =============== =============== =============== =============== 
Costs '" 111i t ( siaqlf trod•1.:~ l u.or.u 6.1..00 0.C)l)I) 0.001) O.Ol>O 

Of it foni!I"· I • . . . . . . . . c£.l&il 's.;.31i ~-i2• •B.ll'J& ·~.io2 

Of it YlfiDl!,I • . . . . . . . . 0.006 O.GOO uoo O.Ofo(l 0.000 

Toti I ilf;our . . . . . . . . . . . 'j4.0Clli t.l.OilO i;l.000 lil.000 111.000 

____ .... -----------------------·------------------------- -·· ---------------------· ... -----------------------·-------------· ......... ----... ---.. --. 
llTEbf.AlED GUINllE itlAJiT ISQIKTll ••· Jll.Y 5. l'iS'i 
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.COMFAf 
,- 'Jt IJHT[IO 

-------------------- ~M 2.1 - MTllllAL [..llOllC' IEV. MITDITl, IWillA ---

Tot a 1 Product i on C:os ts ia iriilUSAllit US. :lfii i /115 

YNF . . . . . . . . . . . . . . . . 1'97 I~ tm 2000 2001 

1 ef .... CiflCity lsiatir •rMIKU. ~.IOO 0-GOO 0.000 0.000 o.ooc 
bf uteri•l I . . . . . . . . . . . :45.000 125.GOO 125.000 125.000 125.000 
ltller , .. uteri•h . . . . . . . . 410.159 '°·'5i 410.15! 1n.J14 IM.314 
am ties . . . . . . . . . . . . . 3.08' 3.4* 3.08' 3.18' 3.18' 
&lrty. . . . . . . . . . . . . . . 24.229 24-2~ 24.229 24.229 24.m 
ta.r, llirect . . . . . . . . . . . '1.000 U.000 U.000 ,1.000 ,1.000 
re,.ir, ui1teeau . . - . . . . . li.000 17_000 17.000 17.0llO 17.000 
S,.es . . . . . . . . . . . . . . 2'.000 2'.000 2'.000 2'.000 2'.000 
rKt•y IWl'kNllS . . . . . . . . . :1.000 18.000 18.000 '4.000 '4.000 

-------------- -------------- ---------- ---------- -----------
rKtory costs . . . . . . . . . . . 3'4.474 3'4.474 3'4.474 429.,29 429.ii2! 
~i1istr1tiwe oweri....is • . . . . . li.000 88.000 88.000 88.000 88.000 
llllir. costs. ~lrs llll llistrilMltioa Ji.000 

..... ...... 
~ ..... ~ :n.ooo lll.000 lll.000 

lirect costs. SilfS a4 4i~·- ·ilMltiGA 0.000 0.000 ··°'° 0.000 0.000 
9"nc i lti OI . . . . . . . . . . . ~~"?.~ 41~.C;;'4 ~34.414 4lUZI 172. 4101 
h111Ci•l costs . . . . . . . . . 0.(-i;ll 0.000 0.000 0.000 0.000 

--------------- --------------- ------------- --------------- ---------------
Tobi 1Jroll11Ctioa cost'> . . . . . . . 87'.IJIJ IFjl;.11'111 ,18.~ lOU.250 841.531 

--------------- =============== =============== ======:.======== =============== ---------------
Costs IJff pj t ( silffllf erodad I . O.C)(.:, 0.(ll)C) 0.000 O.OOG 0.000 
If it forri .. , I. . . . . . . . . . .Cii.%3 .;).R]; ~-'"' 53.790 47 .SOC1 
Of it Yviilllr,I • . . . . . . . G.CM 0.00;; 0.000 0.000 0.01>0 
Tot1l llhur . . . . . . . . . . . ,;.ooo f.1.0llO '9.(100 "·O(IO ,c;.uoo 

llTEliRATEll llUillllE PLAIT lSDIITll --- JIU 5. 1989 
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~ ,J •• f,Ort[~c~ 
----------------------------------- CIWAR 2.1 - IATllllAL EtmlllllC I IEV. AUTDm, llAlllLA. ----

Total Production Co~ts i• TIOISMJ n. s. Dill~ 

'"' . . . . . . . . . . . . . 1C:"tl~ ".'o;):i 2004 2005 ZllOO 

~ l of aoe. UHcih (~IR\1l• 0'-·~,..-t;. Ii. ilCa) (,.~·. 11.1)00 !l.(ICIU 0.000 

IH Utffi•l 1 . . . . . . . . . . i2"i.OOO i15.000 125.000 125.0G:l 125.000 

ltll!f fH UtffUb . . . . . . . 16'}.31' t09.3i4 16S.31" 1os.:m 109.314 

UtilitiH . . . . . . . . . . . . 3.086 3.686 3.0illi 3.0E 3.08' 

Ea"1" . . . . . . . . 74.=:'~ ~ ... ;;; ::~.72«; :?4.21' 24.i/9 

UM9r, direct . . . . . . . t!.1}0~ ,l.000 '1.000 ,i.OOli 'i .OOG 
hpir, uiateaillCr . . . . . . . . 17.000 17.0liO 17.()(lcl 17.000 17 .000 

S,•rn . . . . . . . . . . . . 2'.GOO ~-"°° 1'.000 2'-000 2£.000 

hctory owrrhrds . . . . . . . . &4.000 j;.&.000 ,4.000 ,.,_oor. ,4.000 
_______ .. ------- --------------- --------------- --------------- ---------------

hctorr costs . . . . . . . . 42'J.f.2'J '~·ui' 42'.,2' m.~'."I 42'J.,2'J 

AHiaistr•tiwr owrrllNds • . . . . . 811.000 88.000 88.000 88.000 88.000 

lndir. costs, ulrs •lld distrillution m.ooo 111.(1(1(1 lll.000 111.000 111.000 

lirrct costs, ulrs ... distri~ution .0.000 0.000 0.000 0.000 G.000 

lrfrrci•tioa • . . . . . . . . . . 134.3'7 llU'.13 87.01'.I '4.152 42.0'.13 

nauci•l costs . . . . . . . . . 0.000 0.000 0.000 0.000 0.000 

--------------- --------------- --------------- --------------- ---------------
Tohl •rodu<tion costs . . . . . . 7D2.'.l'Jf. 73'.I. 322 715.,48 m.1a1 f.70.122 

============== =============== ============== =============== =============== 
Costs prr unit < sintdr •rodu(t ) . 0.000 0.000 0.000 0.000 0.000 

Cf it forri11n, 1. . . . . . 45.f.54 44.3'.14 4:?.~50 41.'82 40. 2'il 

Of it nri•bli!,l.. . . . . . 0.000 0.000 0.000 0.000 0.000 

Tobi hbour . . . . . . . . . f.~.fJO~ 1-c;.~ "·(1(1() li5.000 f.'J.000 

-----------------------------------------~ -------------------------------------------------------... ---------------------------------
illTFlirl.Tfll Dllllilllf Plltlli l'ilJjlifl) --- JIR.Y 5. ,,es 

·~ 
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'. ,. . @ . ,. £011_~~[~ 
-------------------------- COIFAll 2.1 - llATI..W. umllllC' IEV. lllTIGITl, llAllllA ----

Net Work i nq Capital i• TIUJSAID U.S. IMl.L~ 

'"' . . . . . . . .. . . . . . . . . llJ4J2 t'4J3 1"4 l4J'J5-IJli 1,.7 

·- Cner,..e .. . . . . Id< C\ltO 

Curet uHts • 
lccomts reuiulll•. . JO 12.0 28.899 ~.227 35.3'4 35.3'4 40.373 

la'ltllton illd u~eri•i~ . '.;:" l~.2 q Q-, ..... u.o;.:1 14. '42 14. '42 !1.,38 
&er,, .. . . . . . . JO ii .(i 1.205 i.i2' I. nc; I. 72'J 2.0l'i 

Stltts .. . . . . . . bO ~ ·• ·" O.O«I ~.GGC '·333 4.333 4.333 

lcwl: ii •rOClfHS . '.'.J 1~.o 70.0M. ]~. 12-: 15."4 25.8'4 30.373 

fi1i sllff •roducts JO ;:;:.C) 21.m '.li .tii.I 33.227 33.227 37 .78' 

C.5' i• ·-
. . . . 3tj l?.O lf..Uil'.i Klf.7 Jf •• 333 1'.333 17.500 

Tot.I c1rrnt •ssets . . . ICIJ.'l03 IJIU52 131.852 131.952 150.243 

C.rr111t liuih ties ud 
Accouts piyule • . . . . . :ii) 12.0 10.06& 2l.m 25.8'4 25.ll'M 30.373 

--------------- --------------- --------------- ------------- --------------
Id 11Grh111 cuit•l . . . . . . t:'.l.517 lj~.115 105.'J'"...8 105,q58 m.910 

lacrHse i• wrkiao cuit•i . 83.517 ti.'°8 10.833 0.000 13.'12 

let vorti19 cuit•l. loc•l ~-- 765 
76.53(1 76.530 76.530 66.736 

let vortia11 capit.d, foreian 10.752 18.595 2'.428 icl.428 33.134 

llote: Ide = 1ini1111 dns of cnvenqe ; coto = coeffici1Pnt of turnover . 

------------------------------------------------------------------------------------------------------------------------------------
ilTEGP.ATED DUilll( ~AIT ISOllTU --- J'LY 5, 19111 

-------------------------------------------------------------------- COllJ"AR 2.1 - IATUlllAL ECOIOllC • DEV. AUTHOlllTY. llA~!LA --·--

Net Worl<'ino C-"pj t<'I ·~ 
iHn.i;SA~ ii.;. OOl!A~ 

'"' 1·H5i-;; 2tltlll 21l!H. r. 

t.iver •oe ;c;.: .. , ~ .. 

Current •suts ~ 
Accou~ts receiv•bl~ . 3n i~.CI 'iJ. ;.;:. •.:.~!Ir. ";7.:l~i\ 

lnvent.>rv •nd ••ter1.s;s • ~--= 
.... ' 
t L. I. Ii. c,~.,; i~.~m ic;.~1~ 

Enerqy :::,1; i}. 1i ;·.11i1 ; .i•I~ /.(119 

Soares . t•i t.(I .;.3~:; ... 3l3 4.333 
llort in or09rrss 3(1 l2.•) :;r,. :m 35.il\li" 35.RCl1 
Finished prtJdu(ts 3'i iVl ~7.76F. 43.136 43.136 

Cull in h•nd . :i(• Ii.I) 11.sr11:, :ii.3:l:> 71.33?. 

Tot•l currl!nt nseh l~~.243 m.54-t 118.544 

Current 1 ubi II ties .ind 
Accounts o•y•bie . :;r, 12.1; 3r1.?.7l ~.802 35.8&2 ___ .,. __________ .,. -------------.. - ---------------
lltt vorkina up1hl tn.870 142.742 142.741 
lncrHw in vorhnG (iP•hl 0.1)11<1 21.872 O.OOCI 

let vorhno uo1hl, IC•( •I R6.731i 911.537 98.m 
lltt vorh•• uoihl, f')Fflf;n 11.il4 44.205 44.205 

A R JITF1il1ATFI\ r.11iNINF PtAllT 15QINTll ·-- .Hl!_Y ~ •• lqll-< 



_lfe1li. 
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~_.!',COMFAR ..., __ '< 2 1 IJN' I [tt) 

~~~~~~~-~--~~------~---~~----------------------- (~~ 2.l - llATilltiAl ECOliOlliC' &£¥. AUTllllilll, llAll[LA -----. . 

Source of f"inance. (" on~t r u< ti eon tn Ti!c~ISAJI•, ii. 5. iii.ill AiS 

'"' ................ l'nli.t mo.; !1'1i.: !iii.: 

·. E .. ity, or•iHry •• 0.006 'Jii.850 8.14. ill;; Blit. 70<• 

E119ity, •refl!fl!ll<f. 0.000 0.000 C.t'At) 0.000 

~i•i.s, ..-aits • 0.000 0.000 \1.000 0.00'• 

Loa A, foreien • G.OllO C!.00¢ O.OO:l 0.04>'~ 

Loa I, foui••·. 0.000 il.000 0.000 ~.000 

Loa C, foui•o • 0.000 0.000 C.000 0.000 

LNI A, loul •••• 0.000 0.000 o.ooc 0.000 

LNI 8, lout •••• 0.000 0.000 0.000 O.OOil 

lOill C, lout •••• 0.000 o.ow o.ooc 0.000 

--------------- --------------- --------------- ---------------
Tohl lou •••••••• 0.000 0.000 (1.(11)(1 Ii.COO 

C.rreat li1bilities 0.000 0.000 O.OOG 0.000 

lanl ~Yfr•nft •••• 0.000 c:.c:;o Q.(111() C.000 

--------------- -------------- --------------- ---------------
Total fund~ ....... 0.•)il() C!i7.850 63•. 7;,i1 iif-1. 7Ciil 
----------------------------------------------------------------------------------------------------------------------------.. -... ----

illTFf.~:.1;~ Ollllii!it PlAICI 1~~:1m1 --- JlllY S. !'11!-; 

·-
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.f,Ortt~! 
-------------------------·------- COllrAR 2.1 - UTIOllAL ECOIOllC l DEV. AllTIOllTY, IWIILA -----

Source of f"inancP. prodt.1•:' ti on in 1lllUSAll1I u. s. DOLLARS 

Tur .............. l«l'l2 \O'iJ t4'94 15'!5-'6 l'm lo/1MCJ 

\. Equity, orciiury •• n.ua.~ :: • .:-oo u.on(1 0.(100 0.000 0.000 

Equity, preferfCICI!. 0.000 O.Mr. Q.ftGll o.nr,.-. 0.000 O.MC 

Sallsidi~. tnnts • o.noll l~.ih~:I C.OOC• o.noo il.000 0.000 

loic A, foreian • O.OOt. C.000 G.:li:!: n.GOf: :u1nr. 0.000 

LCNll I, forei•n·. O.OOG il.O(l(l 0.00() o.o_ail 11.000 0.000 

LCNn C, foreign • 0.000 O.OOC) 0.000 0.000 0.000 G.COC 

LCNll A, loul •••• 0.000 l}.(l\l{I O.(IOO 1).000 :. • .;,oo 0.000 

Loin I, loul •••• 0.000 o.noo 0.000 0.000 0.000 o.ooc 

LCNn C, lout •••• 0.000 0.0{)0 ll.000 O.OOCI 0.000 0.(.00 

--------------- --------------- --------------- --------------- --------------- ---------------
Tahl loin •••••••• 0.000 0.000 0.000 0.000 0.000 0.000 

Currl!tlt liibilities 20.066 J.661 2.m 0.000 4.m 0.000 

link ovrrdrift •••• 34'1.023 158.03& 210.264 172.431 159.143 118.231 

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

Tohl funds ••••••• 369.090 Hil.691 212.430 172.431 m.m 118.231 

... -----------------------------------------------------------------------------------------------------------------------------------
IITEGRATfil 11\JINillE PLANT (SQIMT!l --- JULY 5. 158'! 

-------------------------------------------------------------------- co11n;- 1.: - llATlllliAL ECOllOfllt • 9EV. AUTllORITY, IWllLI. -----

Sour.ce of f"j nance. pre.ch•·- ti on in iHOU!>AND Ii. S. :iill.i.ARS 

Yur ............... 2iJti(j 2iliJI 

Equity, ordir:.irv •• c.~oo o.o(lr1 
[qui ty, orelereno:e. o.ooo il.:lOO 

-- Subsidier,, qrants • 0.000 ;,. ,;(11) 

Loin A, foreiqn • 0.000 1i.1iOO 

Loan B, foreiGn •• !i.:;:Ji) ·, _, 1:(1 

Loan t, fore1qn • 0.000 l).(l(J;i 

lean A. local. ... C}.(1110 11.(111(1 

Loan a. (O(il. ••• 0.06i1 0.000 

i.oan C, local .... .(1.000 ~.i1(Jfl 

--------------- ------------- --
Toh! lo•n ••.•..•• (J.000 0.000 

Current i iabi Ii ~ies 5.430 CJ.000 

Bank ovrrdr lft .... -i409. 949 -47.842 

-------------- -----·---------
Totai funds .•••••• -1404.519 -47 .B~i 
-------- ........ ------------------------ .... ------------ .. ------ ... -- ___ ,.. ___ --------------------- ... ------------- ----- ....... ---·-----------------... -

!NTmAi~D QUININE PLANi ISQllHii --- jlJlY s. I'm 
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~A'l Wf.01¥ll~o~ 
~--~------------~---~----~~----~~--------------------- Cflllf~ 2.l - llAilOllAI.. ECOllOllIC l IEV- AUTllllRITl. llAllLA __ : __ 

Cash flow Tables. construction in TlllUSAlll U.S. IOLLARS 

Yeu ••••• t 'J'J0.1 14JCJO. 2 l 4J4Jl. l 14J4Jl.2 

Tot•l cuh inflov .. 0.000 4J77.65C 834.700 Bbl. iOO 

--------------- --------------- ---------- ---------------
Finuci•l resources • 0.000 m.850 834.700 Bbl. 700 

Siles, net of ht .. 0.000 0.000 0.000 O.liOO 

Toh! cash ootflo1r •• ,j.rat•~ S~7.ii43 R34~ii•I iil\i. j;)j 

--------------- --------------- --------------- ---------------
Tohl usets .... o.ooo 'i77.!l~:? 834.701 iii\I. 7i•l 

llper•tinc costs ••. 0.00() (I.Ciel< 0.000 O.OOli 

Cost of fin•nce ••• 0.000 O.Or1i1 o.ooo G.1iiiO 

Rep•y1ent 0.000 0.1101) (•.000 11.r.oo 
Corpoute tu 0.000 o.nr.o 0 • .-100 0.(1(1i1 

Dividends P•id ... 0.•)00 o.oor. 0.000 O.•••JG 

Surplus ( de fie it l 0.000 0.007 -0.001 -0.MI 

Cu1ulited cish b•lince 0.000 0.0~7 O.OOF, 11.005 

lnflov, local ..... 0.000 J~CJ.570 2~£.CJ40 24( .• 5,,; 

Outflov, iOCil •••• 0.000 JJCJ.5£7 241i.CJ42 24E.m 
Surplus C deficit l 0.000 0.003 -0.002 -0.0I.•~ 

Inflov, fore:9n ... 0.000 liJB.280 587. 71i0 lil4.76C 

Out flov, foreiqn ••• 0.000 £38.271i 587. 75CJ li14.75CJ 

Surplus ( deficit I 0.000 0.004 0.001 0.001 

Ket ushflov • .... 0.000 -4)77.843 -634.701 -BE-1. 701 

Cu1ulited net o:•shflow 0.000 -4177.843 -1812.544 -2t.7·t.24S 
---------------------- ... -------------------------------------- -------------------------------------------------·--------- -- -- ---

INTEl;~AT~G llii'.N!Nt ?LANT l'l\lliTli --- JIJLY '5, 1'11rl 
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------------------------------------- CiWAR 2.t - IATIM. EOlillr.IC • E. AllialTY, IWiIU -----

Cash flow tables. productj on i• TIUISMD 11.s. illl.URS 

,,., . . . . . . .. 
Tot1l c1sll inflov •• 

riNKiil ftsOUfCts • 

Silts, 11tt of tu •• 

Tot.I c1sll eatflov •• 

Tohl 1Swts •• 
llptutinca costs ••• 
Cost of fin1nce • 
R!11if1t11t 
Corponte tu 
Di•itlends p1id • 

Surplus ' deficit l 
Cu1ubted ush b1lino:I! 

In llov, loc~I 

Dut flow, l.x1l • • 
Surplus ( deficit l . 
laflov, fortican •• 
Out flav, foreian ••• 
Surplus < deficit l • 

let ushflov • • 
Cu1ubted net ushflov 

3-16.0411 

20.066 
326.025 

3411.32£ 
346. ;94 

0.000 
0.000 
0.000 
O.OOll 

-J49.0}li 
-m.1;21 

::;.f.45 
3t3.t.8~ 

-350.033 
332.442 
331.437 

l.005 

-34';.(l~ 

-3623.273 

l4fi3 

4.602 
m.038 

651.678 

757.011 
3'1&. nc. 

0.000 
0.'41 
O.Oi)i) 

11.llOO 

-15&. 0311 
-"'.<17 .(llil 

4.601 
360.11&3 

4ii11.038 
:n<J.815 
ICJ8. 223 

-158.0311 
-3181.312 

4,1.204 

2.1'7 
wt.038 

701.4'8 

17ii.747 
4?4.72' 

o.ooo 
0.000 
O.OG.'.1 
0.000 

-21n.2i; .. 
-7t7.325 

6.(1{11) 

342.4% 

m.m 
'.'i!i&.97:· 
l32.232 

-210.264 
-3'.Ml.575 

A 12 

m.0311 

0.000 
m.a 

236.m 
424.7~ 

0.000 
0.000 
0.000 
0.000 

-tn.•:.:li 
-1181. 75li 

0.00& 
342.4% 

48'1.1H8 
Jts.tJn 
170.0F.t 

-172.430 
-3564.00f. 

lB 

48Ulll 

o.ooo 
48!.038 

661.468 

n5.742 
424. 72' 

0.000 
0.000 
0.000 
0.000 

-177.431 
-1"62.186 

O.l)OO 
342.496 

-:<41.4% 
485.0:JE 
318.'72 
170.0f.f. 

-172.43(1 

-3736.436 

''"7 

4.479 
5116.845 

150.467 

2'5.m 
484.474 

0.000 
0.000 
(l.Ol)c) 

0.000 

-155.143 
-1221.m 

397.0~ 

-35'.U~ 

581.914 
353.4'28 
234.48' 

-159.BJ 
-:;&95.S?li 

INTEGRATED llUININE PLANT <SOIMTll --- JIR..Y ~. :qaq 
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---·-------------------------------~Al 2.t - llATIM. ECIDIC • llEV. AUTDlil. llMILA -----

THI' • • • . . . . . IWI 1m 2GGO iUOI 2~2 2003 

\. Tot•I cm i1flw . . •.145 5116.HS m:uao 2088.450 ZOlill.450 ~.450 

--------- --------- ----------- ---------- ------------- ---------------
ri..:iil ffM9((fS • O.IOO l\.000 5.430 0.000 0.000 0.000 

Silts, •t 1f tu • • 5E.145 B.845 208i.4SO 2088.450 2088.450 2088.450 

tit.I cm •t fl1111 •• 7•"5.07, 705.(!i' 61U.'31 '21U2' 6:11.62' '55.62' 

--------- ------------ --------------
______ .._ __ --------------- ---------------

Ttl•I nwts .. . . 220.'92 22U02 55.302 0.000 0.000 27.000 

8'tr•li .. cests • . . 484.474 484.474 628.,2' 62U~ ,28.62' 628.62'1 

test •• fililCe • . . 0.000 0.000 0.000 0.000 0.000 O.O()(I 

llfiJlfllt 0.000 0.000 0.000 0.000 0.000 O.OOG 

c.r,....te tn 0.000 0.000 0.000 0.000 0.000 0.000 

liYiRtl4S 'iid . .. 0.000 0.000 0.000 0.000 11.000 0.000 

S.JIH ( deficit ) . -lil.131 -118.231 HO'J. S4'.I 1451).821 1454).821 14~Z.8ZI 

C-iited CHll ••lilKP -1m.~ -t457.m -.C7.842 lctl. ,.,, 2871.800 431).U20 

l1flav, le..-~· . . o.r.GO tl.OOci -=.Ci1.& 11.(l(•il (I. Q{Jtl 0.01}1) 

llutflov, io-:•I . . . Jij3.41i :Wl . .t~i: .:10.ll1<. m.l~Z :?1~.141 ~,s .. 1.;2 

SarJl1s ( dPficit ) ~ , .. ,, . ... ·- -lnf..1!4:; -m.m ·:i-415.147 -:m.w - -.... , ... -. r •. · •• ~., 

l1flov, foreion . .. sat.us ~.i!4~ 2t)IJ'i. i"o 2G811.4~~"; 2Cl!lll.4St 21>8ii.4SO 

llutflov, foreion. :m.'54 lil.65' -:.~- -\;'C' il:i • .t8i ]~.487 Lb0.'117 . # • .) ..... •J 

Surpl1s < deficit > . 265.m xs.m ili!6.&il 18".4.C)tj llri'. %3 :&27.%3 

let usllflov • . . . . -118.231 -11e.m J4C)C). "~ i45<i.ii;'! i~5<J.&:·1 1432.821 

Cuubted aet cullflov -4013.6111 -4132.1141 -2722.0i: -1262.271 m.54'i lf.30.l70 
-----------------------------------------------------------------------------..... ----------_..,,,.,,,------------- - - -------------------------

lllJEGCATED llUININE PLANT fSQINT!l --- !ULY ~. l';a1 

A 13 

I 



,., 
~f,Ol'!,~~of 

-~~~------~---------~---------------~ COllr&R 2.1 - IATIOllAI.. ECOllOlllC l DEV. AUTlllRITY, llAllltA -----

Cash flow tables, prtC\duci:ion :11 TliOOSAllD U.S. :11.'.liAi!S 

Yur ••••• .... 2004 W05 ~006 

Tobi usll inflow .. iollll.454.: i Gllll. 45ii 'l~ . .;<;ti 

--------------- --------------- ---------------
FiaMCiiJ ffSOlfCfS • ~.coo e.eoo (;.= 
Silts, att of tu • • 2088.450 20llS.45C :'088 • .;so 

Totil ush 111t flov •• ,28.,2' £28."~9 f.16.lii~ 

--------------- --------------- --------------
T1til iSSl!tS .... o.occ 0.1)(1() o.r.oo 
llperitino costs ••• 628.(i~ ,28.619 1)28.,2' 

Cost of filillC• • • • 0.000 0.000 l}.000 

R.,iy..nt 0.000 0.000 • 0.000 
Corpout• tu 0.000 0.000 0.000 

liviftllds piid ... 0.000 0.000 0.000 

Serplus ( d•fici t > . 1~51.821 145'J.82i 145c;.&21 

CdUlitff usll 11.llinc• 57'4.441 7224.2'2 8'84.082 

lnflov, loul . . .. 0.000 0.000 0.000 
Out flow, lout • • • • 395.142 395.142 395.142 

5urpl1S ( dPfici t ) -395.142 -395.141 -395.142 

lnflov, for•itin ... 2088.450 2068.450 2088.450 

Dutflou, for•ian • .. m.4&7 233.487 133.467 

Surplqs ( d•ficit ) . 1854.9£3 11154.%3 1854.9'3 

llet ushflov ••. .. l~~·U!il l'''t.A:?I 1.n:.;111 

C111uht•d net ushilov Jt'J'll).191 4S'i(1.nP '°'i~.833 
---------------------------------------------------- ----.. -... -- --- ----~-- --- - ----------·---. ---... ----------- ------------------------ -- -
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Cashflow Discountinq: 

i) ~ity ••i• Y1!1'WS let ii< .. flov: 
1et 11rfWl!t nl.. • • • • • • • • . • • • • • -um. s;o it :s.Oll 1 
l•terul I.ti! of ll!t•r• UllED • • -4.31 1 

•I let llortll Yl!l'HS let Ci~ fftura: 
let Drl!Sl!llt Yil91! • • • • • • • • • • • • • • . -13'0. 53 •t IS.00 1 
Jattrul lat• •f ht•r• <JllRE2) • • '·Oii t 

cl latl!ful Pit! of "e:ura M tohi i1tw"itll!I'~: 

let Drtwllt Hi• ... •• ... •. •. . . -1~.5:< •t :s.oo 1 

l•ll!n•I ~•ti! ef ll!turn I 1n I 41.08 1 
lll!t llortll = Enih 11•i• •lu!> r.wrff!' 

--..---------------------------------------------------------------------------------------------------------------------------------
iliiEGRATn Qll(llai iltAliT ISVl17li -- JIU s. tm 
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Ut~ I 00 

·-----·------------------ CZ'll 2.t - UilllUl ~It' IR. aanmm. IMllA -----

Net Inco•e State•ent i• ~ &.S. Rl&rs 

,.., ................. 1'12 1m :m ;"5 IWI 

T1t1I silts. i•l. wits t.n ••••• m.ois m.OJI QU3i Wi.031 4a.031 

Un: wiriall! cests, i1el. silr; tu. ..... 0.000 ..... UOG 0.000 

tiriall! ur11i1 ........... m.m m.a m.m 419.1311 m.m 
Is 1 If t1hl Silts ......... Ito.tot H0.000 lto.000 100.oot tlt.000 

.. -wiriall! ctsts, iecl. ff1rl!Ci1ti• '17.WI "4.3'4 744.M m.m n1.4t' 

------- ------ ------ -----
8'1!ntiGNI uni• •••••••••• -2'1. ,._1 -205.m -255.030 -Z7i.70S -Jt2.ln 

Is 1 1f t1hl ~its ......... -tl,.55Z -41."1 -5Z. tt4J -~"·,,, ;1.c; 

C.St 1f h•..CI! . . . . . . . . . o.~ o.=oo O.CIM .;.~ 0.000 

--------------- ------------- --------------- ------------ --- --------------
&rtss 1roht . . . . . . . . . . . . . -~1l.iW -~11s. -;s: -2"...S.6l6 -m.1os -302.:m 

Al IMllKH . . . . . . . . . . . . u.;,no t:.006 i::.C* ,.WO 0.000 

T111lll1! Jrofit . . . . . . . . . . . -211.~ -205.~7 -m.o~ -m.1os -:i02.l1"i 

TH . . . . . . . . . . . . . . . . o.~ '·Oiiii o.~ o.eco :l.!IU. 

--------------- --------------- --------------- --------------- -----------
11!t 1rofit . . . . . . . . . . . . . -;"':.~ -205.357 -i».C:-..i -t;o. ;:i~ -l01.~iS 

liYiRUs llliitl . . . . . . . . . . 0.000 :l.000 0.000 C.* 6.000 

lllltlis~rill1tl!tl 111r.,fit . . . . . . . . . -211.'6l -205.357 -255.030 -21&.705 -:ioi.m 

Acc ... 11tl!tl llltlistri .. tl!tl 1ro~;t . . -291.IJU -4,7.320 -752.l50 -1o:uss -1Dl.4l3 

&ross orofit, I of tohl Sill!!' • . . -1,.552 -41. "12 -52~14, -5f.. o/"1' -£1.1m 

•t 111roht, I of ~ot•l silts . . . . -H.552 -41.,,2 -52.Wj -5f..CJ'J;) ;1.IJJi 

llJE, lll!t ,rofit, I of H•ih . . . . . -l(l.Cjl8 -u.n -9.537 -10.m -U.347 

RGI. lll!t 111rofit•i1terest, I of ilYHt. 
_,_m ;.]17 -7.234 -7.408 -7.562 

------------ ... ------------------------------------------------------------------------...... ---------------- ... ---------------------------.. 
llTEliPATED Gllillll£ PlAllT ISGllTll --- JIU S, I~ 
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~~011_~~! 
------- r.JWM 2.1 - IATI~ E•:altl: 'Et. •-nmm. IMIU ---

'"' . . . . . . . . . . . . . . . . . 
;;;:-- !~Vi l~'" ~' 2901 

-. Tet•I Wl1'5. i1cl. Wl1'5 lil . . . . 5a.MS 5"..i'S W..845 ~ ... ~-. ~.451 

Leu: ••ialt c.sh. i•c:I. Wi1'5 l.11. •.000 G.toa ·-~ 0."'1 .... 
------- --------- ------ ---------- ------

t•ialt urti• . . . . . . . . . . . 5K."5 58b.i4'i 5.'45 20ll.~ ltm.451 

as l •f t.t•i wits . . . . . . . . ieo.oor ~CA.~ ioc.• . ...... 1111!.000 

... -..,iale cests. illl(l. -.reci•ti• 174.131 ~-.,. •te.m 18'0.250 •1.531 

--------- -------- -------
9'fr•ti .. I ur9i1 . . . . . . . . . . -211.m -310.053 • -m.m 1121.200 12&.,2t 

as t 1f t1bl wits . . . . . . . . . -4, .• 75 -52.834 -~.5~ 4'.m '1.'21 

test 1f fiUllCt O.IOO ~-* 0.000 O.OOG 1.000 

----------- ----------- ---------- ----------- --------------
&ress "•fit . . -2u.m -:uo.~ -:m.lll 1111211.200 128'.!lt 

All--ts. . . 1.1100 1).00.: O.GW• O.OOoi 0.000 

r.1aie 1r•hl . -211:' • .,] -Wl.053 -'?'?2.113 :!;~.~ IS.'120 

TH . . . . . . ·-~ 
G.'.;::; ~-6ijll o.or.r. 0.000 

--------------- --------------- -------·------- --------------· ---------------
let ,,.fit . . -?ii;. 'i'1'.t -3!•=-~=.< -;.~.Ii~ J(i:~.;-~.~ lief.. '12' 

liwi*Ms •~i4 ~ ••• ~-·~·,i, 1.000 Ill.OM G.000 

IMistrikttd trofit . -m.~; -~;6.~1 -:~=-. ll3 : i1ii .. ;,-.,. J;&i..'l:l:\l 

Acc-l•ltd •istrikttd er•fit • -i,it.•2' -1CJ:ii .419 -22'3.Si2 -lm.:m 5i.521 

&ross ,roht. 1 of tohl wl" • . -4~.~;s -'\?.8:i4 -~.E-.5,~ .;ff .. ~~~ ii.£.21 

1et ,,.m. I o! lohl wits . . -4Cj.(lr.'i ·~:.;~.;, _c.; ... s;: 4'f.~';,~ '1.tZl 

a:. let ,,,:1~. 1 .~f •ih -:II. 7(.'J -, I. ':1.C . - ··' :::; • .;.&<. 48.HJ . . . -, ...... 'J 

ni. lltt rrofit•i•ltrtsl. 1 •' 1•~l. 
-t.. 7ii0 _,_CJii -7.it.4 21.~-:-; 27.084 

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

A 17 



·~oiv.;~~ 
·---·-------------- CWAI 2.l - .IATtM. a.llIC l IEY. Mlllllltn. IMILA----

Net Inco•• State•ent i• ~ ll.5. DUIS 

,.., .. . . . . . . . . .. . . . . . 200£ 2003 *' 200S ~ 

.. Tet1I wl rs. 111el. YIPS tu . . . . . 2tll.6i 1MI.~ ;~_,51 ;'OA.4~ 20lil.45' 
Less: ·,•i•le c.st~. iacl. ~irs tu. I.MO O.OOG I.CCC ll.000 G.OOI 

--------- ------- ---------- ----------- ----------
l•i•lt ... i. . . . . . . . . . . . 20ll.4Si lm.4~ 2dllll. '511 *5.450 ioe&.450 
Is 1 ., ltbl YIPS . . . . . . . . !00.t:! !~ .. ~ :~_:.:.:: . :e;;.~ ~~-'* 

.. -Y•i•le cests. i•d. -.rto:iili• 7'2.~ m.m 115.,41 "2.78: '70.722 

------------ --------- ------------ ----------- --------------
lltr•tiaul urei• . . . . . . . . . . 1325.454 134,.:~ i3i:.ao2 t:m.'6, 1411.721 
Is 1 af tet1l wits . . . . . . . . . '3.4'& U.5,, '5.n:a &r..a:a '7 ... 

C.St ef huace .. . . . . . . . O.OOG O.OIO 0.000 G.OIO O.OOI 

------- ------ ---------- ------------ ---------------
5ress trefit . . . . . . . . . . . . . 11?5.454 l34U28 l:ITT.I02 ll'J5.'" ''17.721 
111 .... es. . . . . . . . . . . . . . 0.000 0.000 0.000 0.000 0.000 
T11•le •rofit • . . . . . . . . . . . 1125.454 134,.128 tJn.IOZ t:m ... , 1m.121 
TH . . . . . . . . . . . . . . . . . 0.000 0.0'4 UGO i).ilOO 0.000 

------- --------- --------------- -------------- --------------
ltt •rtfit • . . . . . . . . . . . . 1315.454 :34~.125 137:.:.&0' 1:m.", 1417.728 

liYi-..s Hid. . . . . . . . . . . O.wt 0.000 o.ooc uoo O.OGG 
lllNlislrikt.tl 1rl'f;; • . . . . . . . 1315.4'.".: 134,. i:'il 1m.Pi 1:;~.5', 1411.na 
l<c.-uli:t( 11114;~:r;!Mite4 1rofit . . 1379.i&I mr..1r; '°"·'" 54;.;_590 "12.~ 

wess •refit, I ef t"bl ~IPS. . . . ~-'"· E.4.~';'i f.5.131 ;;f;.811) 97.&&' 
!let arofil. 1 of tot.I s.ales • . . '3.4" 4.uc;, !>'i.TU ~.11211 '7.88-' 
ROE. lltt 1roht. I <)f ro1ty • 44J.5': 5( •• 4'4) C'• -· 51.iii•: 5?.0i~ . . . ..i ••• ~ 

ROI. 11e; ;roh!•1atern~. :: of 1nnt. 27 .Itri 2fi.ll3 29.7~ n .. ::·.-; ~.f:~'j 
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~SCOMFAR 

--=.-~ ~-' UH I flO 

------·----------------- CIWIR 2.l - an-. £C8111IC' llEV. llliDITl. llMiLA ---

Projected B•l•nce Sheets. construction i• 1lll05AG 1:.5. RLAl'S 

Ytu .. . . . . . . . . . . . . lftl. I 1'410.2 1,,1.1 1,,1.2 

Tetu nwts . . . . .. . . . . 0.000 ,11.e 1117.550 2'74.~ 

------- -------- ----------- ----------
ri18 1Swts. Mt of .. rtci•tit111 I.IOI O.IOO sn.&c:t 1112.544 
Clntr.c:ti• i• 9fterHS . . . . UM ,77.IQ 934.701 &1.7~1 

Carrfllt •swt~ . . . . . . il_ftG.i o .... ~-:..: il.~ (:.(;:!I) 

cm. Mat . . . . . . . . . . . UIOO 1.000 o.cao o.o.-.:; 
~sll SllffhlS, flUll(l" IYiilai~• . ... 5.1'41 :!.C.::.; u.ia'.f. ~-~ 
loss <•riff forur• . . . . 11.~ '1.0U&i c .. ~~~ o.~ 

loss . . . . . . . . . . . . . ~.(lolb i;.:•i'IO l:.i-..? ll.W. 

Tot•I li•ilitiH. . . . . . . . 0.000 ~m.i"'ill ;JI!:. 'jC-,.l ~74.l'il 

------------- ------------- -------------- ---·-----------
~itr c._it•l . -- . . . . . . 0.000 ,77.a'irJ :;;.;· .. 550 2i74.ZC..C 
llwrwn, rehi!IM ,,.m . . . . l.OOCI o.~ il.W.:. li.i\66 

Profit . . . . . .. . . . . . . 0.000 1.000 0.000 UOG 
~ ,.. mi .. t1rm Mt . . . . G.Otl4 0.000 t.000 o_coo 
t.rr111t li•ilitin • . . . . . . 0.000 0.000 0.0l){t O.Ot)O 
IMl owr4uft. fiNIKf r"9irfll. 0.000 1.000 i:.0.'IO Cl.0.10 

Tit.I Mt . . . . . .. . . . . 0.000 0.000 O.OllO G.OClO 

~tr, l of li•ilitits ... . 1.000 100.000 lG6.l)(IG 160.(JQj) 

---·-----·---·---------------------------------·-------------------------------------------------
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,-· ·~ ., :_IHT(i,-, 

------------------·--------------- CGllf.V 2.i - IATl!llAl. E•:iJIJlli( I l(V. l!.:-~ITl. llAI!;.& -----

Projected Balance Sheets. Prortuct:; '='" II irl;"'.ilS&:J li_ S. lik ;it;::; 

'"' . . . . . . - . . . . &1412 1~1 lfi4 :!ft5 :w. 

T1t•l uHts . . . . . . . . - . :?043.340 3:;'15.0J' j41]_4''J 35&~. CJOO ;;e.:.:l311 
------- ---------- -------------- ·------------- ---------·-----

ri18 uHts, Ht 1f •nc:•ti• 2463.ISI 23'12.125 nfi'J.5.:"5 mo.:51 ~liE~-~ 

IAiKtncti• i1 Jf8'ffSS 244.742 T.A.742 2'3.742 m.742 =~.742 
t.rr111t .sHts . . . . . . . . . 17.500 IOU85 :!5.51! :15.51' t:~.51'1 

C.9, ·- . . . . . . . . . . . 1'.083 14. hi7 15.:m .,.m 1;.m 
C.9 Sil:';;ias, fil.C:I i'Hli~fp • 0.000 O.IOO 0.000 0.000 ;J.OOC 

less urri8 farvu• G.000 2'1.~ 417.no m.350 i~':i.055 

loss . . . . . . . . . . . . . m.'lW ~.357 ~.O.."O i71i. ;05 ~i·~·. 37'J 

Ttt.l ~lillilitii'i • 31)43.340 ~5.u:! )417.~i l""~~·i. ;.'41 Z7~~.3~ 

------------- -- --------------- ---- ---------·- -------------·- ---- -----------
E•ity CiGihl XJ.l.'50 ;,;.usu ,__ ,.._ -

:•.:.;.~ Zf.1.i. ~50 . . .(l\.'"'·'l'I 

l•wrns. rrt•infld trofit . - O.tlOO 1i.i.JOO i..i.00 il.O.i.i fl.<1fotl 

Profit . . . . . . . . . . . 0.000 :l.llCU ~.ll;il) li.lliH.I ; •• 111\11 

LOllll •114 IKiu tpre d3t . . ~-~:l i1.t\Gli {l.C.•"111 ..... ;th; i,.600 

C.rrat liilailitiH . . . . . Zo.~ 2'.1.727 ~.~'f.; :=:.11·1-0 ~.8'34 

lni Oftr•nft, fiHACf rnuirH. 34'1.023 507.l';O:i il7.'.i:'5 11&'1.~. ; :.~. :· • 111& 

T1t•l itfllt . . 3'1.°'° Sw.79'i i43.21~ m.,~ illlla.Gii4 

r: .. ity, I of liai'.1tirs u.an Bl.43't ill.1~i' 74.4" ;1.o&o 

iliE~ATED D\iillllr PtAllT ISiiiNiii --- ;Ui.Y 5. HB'J 

-----------------·-------------------------------------------------- <.UM.s: 2. i - 1:.n:nlAl EclltlOli;c " ~"- At;7!i0111TY. 11.\lllLA -----

Projected Balance Sheets. Prorlu<:t:i·:>n 1n TllllllSAllUti.5. lllil.iAVS 

Yur 

r llftl iSSI'! ~. n•t :. ; GPtlrf': Pt Hor. 

(GRSt(I.;:,.:;, ;<. ;r.; ;r~'>i 

Ctir~rn~ "cy.t; .•......• 

C•Vi. Iii:;; .•••••••..• 
Yc;n SiJrfl.;~. !:t:.~:.('1t ;·.1;.· .it~•·'". 

Lon (•rrlf.t forv•rc! 
loss ...••... 

TGt•i h•b1i1hps. . 
Equity (itlhi 

IPWfYPS, rPt.u nrC: pr :,i; I 
Profit 
L019 •nd lfd1ua ttr1 dtbt 
Curr at li•bi Ii ti rs • . . 
.. nt OYfl'd,.ft, hn•ncf rrquirH. 

{G_til dPbt_. 

Eau;h, 1 of li•ttl;t,p~ 

l't4i7 

:1. ')()() 
!;. !IO•> 

i:m . .-n 
·:;. "i~'l 

m~.m 

---------------
2f,7.;,250 

CJ.O(IO 
0.000 
o.noo 

30.373 
122;.m 

1251. 702 

£8.117 

4044.111~ 

·~. lr.'1t· 

i; .. : . .;~·F, 

~:)U.lli'; 

........ - .. . ....... . . . ~ ... , 
:1. ····' 

~'i~1.;~i 

~~.:.; :1 

.:; r,:·.::.; 
------------·-- -------·------

2f.74. 251> if.74.25c; 
11.flOO n.nc;11 
G.o~e O.fiQfl 
0.(1111\ 0.6f;i1 

30.373 30.373 
1339.5'0 l4Si. 711 

13',.,,, 1411:tif.4 

Iii>. I if. r.c.;·.c& 
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,...,. .... r:r­
'•'• •• 1. 

~~&; •. ,;. 
... --. ----. -- -. -. 

]i,1.i.. i"·, 
i':.iM1l1 

1<•1'1.2<;(1 
!1.(lr.il 

3~.df,~ 

4i.84: 

113.fA~ 

UJ.f./.j 

:+.<iii 

. ' - ~ .•1~1 

·; .(lfi.1 

... -... . ... ,. .. 
; .. ,• .. : 

.. '1"?~. 'fl:· 
- . ------ ... -----

2~: ~. z~~ 

iJ.(JQ(I 

mu~n 

{;, l)cici 
:r;.arj;· 
Ii.OM 

-t" .~O.' 

l)t.~7 



8corirnR 
---;.~ 2.1 IJIJJ[ll) 

-----------------------------------------------------· -- COWAI! 2. t - llATllilii\i. ECOllUlllC ' IEY. aunmm, IWllLA -----

Pro.iec-ted Balance ShePtc;.. Prc-rh•ri:ion in iti"'.i~ti.C:. ~iARS 

IHr •••• 

Tot•I iswts 

fixed assets, net of dPPFPCiiltina 
C.stractioa i• proartss •••• 
C.rr111t iSSPts • • • • 
~sit, hni. • • • • • • • • • 
Cisll surplus, finen<f 1ni l1llie • 
loss urried forvird 
Loss • • • • •••••• 

Tot.I liuilitm . 

Equitt ~iPiti! 
bwrffS, r.!1nell proht • 
Profit • • • • • • • • 
L11119 ud aedi u• ter1 debt • 
C.rrtat li•bilities ••• 
Int onrdrift, fia.r.ce rrauirfd. 

To>t•l debt • • 

Eouity, I of lia~; l :ti~ 

10: .. .:;.i;~ 
0.000 

21 .. 3~ 
tll"il.8(1(1 

0.000 
O.Ct"!O 

4Ga7.034 

2t74.250 
51.5iB 

1325.454 
0.0()(1 

35.802 
0.000 

3').1102 

11:'5. <;<ji 

27.000 
1~7. i;J 

:1.~:; 

.;;::'4.li; i 
11.000 
I).~ 

2674.250 
1371i.'81 
13.;,.1211 

O.OOll 
35.802 
0.000 

3':;.8()7 

11(.S. 41;;; 
0.000 

1":7.:''.I 
..,. -~­
~, .. ~ 

d.llOli 
O.Ctif1 

2ii74.251) 
:7?f..109 
lln.802 

O.OGO 
35.802 
fl.000 

8\ll.611i 
0.000 

tC"T .... f ... , .. ,. 
77:"4. !bJ 

r..oor. 
1).000 

8204.li33 

2m.250 
4Mf<.,ll 
1?i5.lif.'j 

O.li6<1 
35.802 
li.Otll) 

35.8(J2 

-~ r.-... 
~•.: ... , .. 

m.ill 
0.000 

.... ""'"' .:.i. • .;.>.1 

81iSUl64 

0.000 
G.001\ 

'1£22 .31il 

:i.i4. T.iG 
54i4.5il0 
1417 .728 

i;.1100 

35.80~ 

l).(.!1jj 

~.81)~ 

-------------------------------------------------------------------------------------------------------- ... --------------------------
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. fiOrt~~o~ 
---- Cllf"Al 2.1 - IAHlllAL ~IC l E. AllTBin, IAllU -

~•shflow Discounting: 

i) ~ity .. i. ftl'SU lll!t ilCllf flw: 
lll!t 11rfSfllt nl• .............. -:&.52 •t :s.oo l 
lahrul htt of ht1r1 CllREll .. U1 1 

•1 lll!t lortk ft'l'SIS • ~t c1sll rft1n: 
lll!t 11rftmt ••I• ............... -13'0.53 1t 15.00 1 
latfl'Hl htt of ht1ra UIRE2) .. ,,08 t 

d laterul htt of Rtt1n • tot1l i1nstll8t: 
lll!t llffSftt Hi• .......... ,.. . -13'0.5.1 .at 15.00 1 
laltrul htt of ht1ra ( Ill ) .. IJ.08 t 

lll!t lrort• = E1111i ty 11.ai• •:es rtwrftS 

---------------------------------------------------
lllTEIJRATEI GUllllE Pl.MT <SDlllTU - JIU 5, 1'81J 
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~f,Ort~~o~ 
- COllrM 2. I - IATIOllAL ~IC' IEY •. autmi!tn. UllLA ---

Net Inco•e State•ent i• TIOJSAllll ll.S. Ill.LARS 

Tur ••• . . . . . . .. . . . . . 1'12 ,,5~ :~ 1m 1CJ4J6 

T1tll s.lts, i1el. s.lts t11 •• .. . m.o25 4~.038 48U38 48U31 48U38 
less: wai•lt cests, i1el. s.lts hs. 0.000 0.000 0.000 0.000 0.000 

----- -----
fui•lt ur•i• ... . . . . . . . . 326.025 48U38 48U38 4i1U38 4841.031 
Is 1 If t1bl Ylti ... . . . . . . 100.000 100.000 100.000 100.000 100.000 

b-w1rt•le cests, i1el. HJrtci1tioa .i7.4J88 ,,...3'4 744.0'8 m.742 7'1.416 
-------- ----------- -------------- ---·----- ----------

llptr1tiaa1l 11r,i1 •• .. . . . . . . -2'1. 91il -205.357 -255.!130 -278.705 -302.37, 
As 1 •f t1hl silts ... . . . . . . -9'.552 -41. 41'12 -52.14, -5'. IJ'JO -61.831 

test If filllCt . . . . . . . . . . . o.ooc. 0.000 0.0(l(I 0.000 0.000 
--------------- --------------- --------------- -------------- --------------

&ross •rofit • . . . . . . . . . . . -2'it.%:i -265.151 -255.030 -278.705 -302.m 
AillfilKts ••• ... . . . . . . . . 6.000 ri.OOO (1.000 0.000 0.000 
T11~lt profit •• . . . . . . . . -m.%1 -205.357 -25U:G -278.705 -302.37' 
Tu 

. 
0.000 O.OliO 0.(106 0.000 0.000 ..... . . . . . . . . . . . . 

--------------- --------------- --------------- --------------- -----------
lift •rofit •••• . . . . . . . . . -~1.%3 -205.J'i7 -155.036 -278. 705 -302.m 

liwidtads p1id • . . . . . . . . . . . 0.000 0.000 0.000 0.000 0.000 
llndistribettd profit • . . . . . . . . -~1.%3 -205.357 -255.030 -278.705 -302.m 
Acc111l1ttd 11distri .. ttd profit • .. -~1.%3 -497.320 -752.350 -1031.055 -tl"l.433 

&ross profit, I of tot1l silts • . . . -89.552 -41.CJCJ2 -52: J4CJ -5£. 9CJO -61.831 
lift profit, I of tohl silts • . . -8,.552 -41.,CJ2 -52.149 -5'. 4)4)0 -61.831 
lllE, lift profit, I of tt11itr • . . . . -10.CJJB -7.'79 -CJ.537 -10.422 -11.307 
IOI, lift profitfiaterest, 1 of invest. -CJ.m -6.317 -7.234 -7.408 -7.5'2 

INTEGl'ATED QUININE PLAllT <So'lllTll --- Jll.Y 5, 1'8, 
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' --------------------- Cllflf'AR 2.1 - llATI~l E•)JtQllC l DEV. AUTHORITY, llMILA ----

Net lnco•e State ... ~nt in THOOSANn ii.!'. Diii.IAP!\ 

Yt•r • •. • • • • • • • • • • • • • 

Tobi silts, incl. ules tu •••• 
Leu: nriule costs, incl. siles tu. 

Vuiible urgia • • • • • • • • • • • 
As I of tot•l sile~ • • • • • • • •• 

lol-nriule costs, iacl. fftlreci•tion 

llptr•tioa.1 Hrgi• , •••••••• • 
As I of tot•l siles • • • • • • • • 

Cost of fiamce • • • • • • • • • • • 

&ross profit • • • • • • • • • • 
All ••nces • • • • • • • • • • 
Tn•ble profit • • • • • • • • • • •• 
Tu • • • • • • • • • •• 

llet profit • • • • • • • • • • • • 

liYideads P•id ~ • • • • • • • 
lmdi stribahd profit • • • • • • 
Accuul•ted lllldi strilluted trofi t • • 

&ross profit, I of tohl s•:es • • 
let profit, I of tohl sdes • 
ROE, let profit, I of equity • • 
ROI, let profit+inhrest, I of invest. 

58&.&45 
0.000 

586.845 
0.000 

586.845 
O.GOO 

2000 

2088.450 
11.000 

-------- ------------ ----------- -------
586.845 
100.00I' 

874.838 

586.845 
100.000 

8'6.8'.18 

586.1:145 
100.000 

'Jt8.'.158 

2088.450 
1&1.000 

l~.250 

2001 

2086.450 
0.000 

2088.450 
100.000 

801.530 
---------- --------------- --------------- -------------- ------------

-287.~3 -310.053 • 
-4'.1.075 -52.8J4 

0.000 0.000 

-332.113 
-Sli.593 

G.000 

1028.200 
4'.1.233 

0.000 

1286.'.120 
6U21 

o.ooo 
----- ··-------- --------------- --------------- ----------- ------------

-287. 'J'J3 
0.000 

-287.'J'.13 
0.000 

-310.053 
0.000 

-310.053 
O.•Wi 

-332. I 13 
0.00(1 

-:n2.m 
C.OGO 

1028.200 
0.000 

1028.200 
0.000 

1286.4120 
0.000 

1286.920 
0.000 

--------------- --------------- --------------- --------------- -------------
-:>Iii. 993 

1).000 
-:197. 993 

-1621.426 

-49.;il5 
-4'i.075 
-;o. m 
-1U60 

-311l.fl5~ 

O.iHl1; 

-310.053 
-l'i31.479 

-~7.834 

-~2.81~ 

-;i.~q4 

-6.9li 

0.000 
-:m. m 

-2263.592 

-Sf •• 593 
-')P..51: 
-: ~·.t;~1 

-7.illi4 

me.200 

0.000 
1018.700 

-1235.3'2 

4'.1.233 
49.233 
38.448 
21.63'.I 

1286.920 

0.000 
1286.920 

:n.:;21 

6U21 
61.621 
48.123 
27.084 

-----------------------------------------------------------------------------------------------------------------------------------
lllTEG~mil :mtlllNE PLAllT (SQlllTll --- JUL y 5, 198'J 
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'"' .. . . . . . . . . . . . . . 
Tobi wits, iacl. wl•s tu • . . . 
LKs: ·uriult costs, incl. s.IH tu. 

Vuiule 1u11i• . . .. . . . . . 
As 1 of totil silts . . . . . . . 
lloa-nriule costs, ia<l. deorecidioa 

Oper•tioul urgin • .. . . . . . . . 
As 1 of totil sales . . . . . . . . . 
Cost of finance . . .. . . . . . . 
6ross ,rofit . . . . . . . . . . . . 
AllCMNllCtS • . . . . . .. . . . . 
Tuule profit • . . . . . . . . . . . 
Tu . . . . . . . . . . . . .. 
N!t profit • . . . . . . . . 
Dividends paid • . . . . . . . . . 
lldistribut.d profit . . . . . . . . 
Accuulaltd undistributed profit • 

6ross profit, I of total s•I•~ • . 
Ket profit, I of tohl siles • 
ROE, Net profit, I of eoui ty • . 
ROI, Ket 11rofit+interest. I of inYfst. 

2002 

2088.45\) 
0.000 

------------
2088.450 
too.cc~ 

7'2.41% 
---------------

1325.454 
,3.4" 

0.000 
-------------

1315.454 
0.000 

1325.454 
0.000 

---------------
1325.454 

0.000 
1315.4~~ 

1376. c;a1 

63.,~. 

63. 4&6 
41J.5t4 
27.ll'fi 

~\ 
~f,O"!f ~of 

-- COll'AR 2.1 - • llATlllW. ECllOllC ' IEV. AUTllllln, llAllLA -----

2003 2(l(M 2005 200b 

701111.450 ii)i:ii.45(1 2088.450 2088.450 
0.000 o.coo 0.000 0.000 

--------------- ------------- ------------ ---------------
2088.4~ 20l!IJ. 451'1 2088.450 2088.450 
100.000 l~-~ 100.000 100.000 

739.322 715.,48 '412.181 '70.722 
--------------- --------·------ ------------ ------------

ll4CJ.12& iln.802 ll'J5."' 1417.728 
,4.5'14J ,5.7J:i "·828 ,7.884 

0.000 0.000 0.000 0.000 
--------------- --------------- ------------- ---------------

l34'J.128 1372.802 ll'J5."' 1417.728 
O.OGO 0.000 0.000 0.000 

l34CJ. l28 1372.802 ll'J5."CJ 1417.721 
0.000 0.000 0.000 0.000 

--------------- ---------·----- --------------- ---------------
i341.126 13E.li07 1395.6£.'J 1417.?28 

0.000 0.000 0.000 0.000 
134'.l.i;'il 1m.11oi 1395.lit'J 1417.728 
2726.10'; 4018.4Hl S4i4.S80 "12.308 

E.4 .. S';'1 .. ~.731 6£..878 ,7.884 
64.SCjCj t'i.733 &li.829 '7.884 
5C;.44Cj 5L234 51.liif; 5J.Cii4 
21l.i.33 28.7:"l 21.~Q7 2'Ul>'l 

------------------------------------------ ... -----... -... -------.. ------------------------------------------------------------- ...... -··--·- ... ---
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.f,OM!~Jf 
COll"AR 2.1 - unlllAl. Et11anc ' IE.¥. aunaun. llAlllLA ..:__ __ 

Projected Balance Sheets. construction i• TIDISAID U.S. ICllJllS 

YNr .......... .1m.1 1'410.2 14JCJ1. l l4JCJ1.2 

Totll uwts ...... 0.000 m.aso 1817.550 2'74.250 

--------- ----------- ----------- ---------
fi1N iSHts. Rt of dfore<iitiQA 0.000 0.000 ~m.843 1812.544 

Caastrctiar; i• •rooress 0.000 m.143 1134.701 8'1.701 

Currat Hwls ..... . ... 0.000 O.llOO 0.000 0.000 

Ci9, •at ....... . . . . 0.000 0.000 0.000 0.000 

~g SllfDlllS, fillillU Hii hbtl' . iJ.000 O.Wi n.OOf. 0.005 

loss urrifd forvud .. 0.000 O.OGG 0.001) 0.000 

loss . . . . . . . . . . .... 0.000 (l.t)i)O Ii.I.ill) 0.000 

Totil liibilities •••• 0.000 '177.850 Ull2.S50 2'74.250 

--------------- -------------- -------------- ---------------
[qui ty CiJl til 0.000 ')77.850 lill2.S50 2'74.250 

Reserns, retiiniil profit •• .. 0.000 o.ooc ij.00~ 0.000 

Profit ........... . . 0.000 uoo 0.000 0.000 

L-. ud aediua tera debt •• .. 0.000 0.000 0.000 0.000 

Cllrreat li•bilities ••• . . .. 0.000 0.000 0.000 0.000 

hat owerdrift, fin•nce required. 0.000 0.000 0.000 0.000 

Totil •!llt . . . . . . . .... G.000 0.000 0.000 0.000 

E.liaity1 1 of liibilitiK .... 0.000 100.000 100.000 100.000 

---------------------------------------------------------------------------------------------------------------------------
llTEli~AiED DUINlllE PLAIT <SOllTll --· JIU 5, l'JB'J 
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Projected Bal a nee Sheets.. Prortuct; on i• TllUiAD U.S. ·111.:.ARS 

,.., ..... : ....... . 
Totll •SHts • • • • • • • • • • 

fi1M 1swts, let tf •rKi1ti11 
C.stncti• i• '"'"ss • • • • 
tarrat •swts • • • • • • • • • _ 
Clsll, hit ••••••••••• 
Clsll SllfPllS, filllK! lY•il .. l! • 
loss urri!d forvir• • • • • • • 
lHS • • •••••••••••• 

Tot1l li•~ilitiH •••••••• 

E .. ity u11it•l ••••••••• 
l!s!rt!S, r!t•ined orofit •••• 
Profit • • • • • • • • • • • • • 
lOlllJ w INi• ttrm llat •••• 
Curet liaili tits • • • • • • • 
1 .. t tnrlluft, filUllCf rftuir!d. 

Tot1l llebt •.•••••••••• 

Eq1ity, 1 of li_ailiti!S •••• 

tm 

J043.340 

2403.051 
244.742 
87.SOO 
1,.083 
0.000 
0.000 

2'1.%3 

3043.3-'0 

2£74.750 
0.000 
0.000 
0.000 

20.06li 
349.0'3 

87.871 

3205.03' 

2352.125 
236.742 
104.'85 
14.1'7 
0.000 

2'1."3 
20.."i.357 

2'i4.250 
0.000 
0.000 
0.000 

23.727 
507.002 

5~.7111 

83.43' 

22'9.525 
2'3.742 
115.5H 

IG.333 
0.000 

4,7.320 
m.OJO 

2'74.2Si> 
0.000 
O.Ol'IO 
0.0i)I) 

25.8'4 
717.325 

743.WI 

79.252 

JSIUOO 

mo.251 
ll'.742 
115.51, 
lfl.333 
0.000 

752.350 
271.705 

2'74.250 
0.000 
O.Ol'IO 
fl.000 

2!i.894 
.. ,.756 

37'2.DI 

20GG.303 
m.742 
115.51, 
l'-333 
1.000 

1031.055 
302.31' 

37,2.330 

2'74.251 
0.000 
0.000 
0.000 

25.114 
1°'2.18' 

1088.080 

71.080 
---------------------------------------------------------------------------

llTElil!ATED llUilllE Pl.All (SQ(ITI) -- .nu 5. 1'84) 

----------------------------------------------------------- CllllrAR 2.1 - IATIOIAl ECOlllilC l DEV. AuTlllRITY, llAlllLA -----

Projected Balance Sheets. Production in TlllUSAlllU.S. OOLLARS 

Ytir ••••••••••••• 

Tobi asuts • • • • • • • • . • 

filfd asuts, n@l "' dt0r«i•tion 
Constructioo in prQGrH> •••• 
Currtnt .swts •••••••• 
C.sh, hnk • • • • • • • • • • 

·c.511 surplus, fin•nct •v•il•blP. 
loss urrifd fornrd •••••• 
Loss ••.••••••••.• 

Tot•I li•bi Ii tiH • • • . • . • 

Equity u11ihl ••.••.•• 
Eewnes, rehillfd profit •••• 
Profit •••••••••••• 
lol9 w t!diut tm dlllt •••• 
Currfllt lilbilitiH , • , • , •• 
lnt.onrdrdt, fin1nu rfQuirfd. 

Jot.Uell~ ••••.••••• 

Equih, 1 of li1l:ilit1rs •••• 

1'4i7 

ms.'52 

1'11lt.N'I 
2~7.6P 

J:!i.74\ 
17.500 
n.~Oo) 

1:m .. 013 
f-Fi.'i<.13 

2f.74.250 
0.000 
0.000 
0.000 

30.373 
1221.32' 

1251. 702 

f.8.117 

404Ull3 

;7(1.li:.~ 

w;.;,cn 
;::· .1~< 
!7 .5<:0 
1;. ()(J(; 

i•.;1.4'f, 

J!ii.<•5'.l 

4044. lli1 

2f,74. 25'1 
Cl.000 
li.COi; 
0.000 

30.37l 
1339.560 

13'9.113 

A 27 

199' 

15'7.5il 
220.f,l)~ 

1~7. ,,, 
i7. <;¢C1 

r._ .-••. :, 
1931.47~ 

·m. m 

:lli74.250 
0.(l(Jll 

0.000 
0.000 

30.373 
1457. 7'1 

1488.lf.4 

f.4.248 

2000 

1:m..~~.a 

27.000 
t!:7./i 1 
, .. ~1~ 

i1. r.oo 
22f.1.!i12 

i1,tlOO 

2674.2% 
~.noo 

1028.200 
Cl.000 

35.802 
47.841 

8U44 

70.'33 

2001 

1111.057 
0.000 

ISUll 
21.llJ 

14i I. ':17'; 

12l'l.Jc.12 
0.000 

2m.25~ 

0.000 
128£.4)20 

0.000 
JS.802 
0.000 

35.802 

if.. '°7 
iMTr!iUTFfl ;.11jllJN£ PIANT l!:O!llTI) --- JlllY 5. ICl8'! 



.COMFAf 
.... ~~ 2:.1 UHIOO 

---------------------- CGll'AR 2.1 - IATllllAI.. EtllDllC l IEV. AUTIDtn, IWllLA -----

Projeoted Balance ShePts. Produr.tion in THlll.ISNIDU.S. IQ.LARS 

,,., .............. 2tll!? 2il03 2004 200S 2006 

Tot.I us.ts .......... .;G:>i.Ol~ St~.!'7 b.qoa.%4 8204.'33 %22.361 
----------- ------- ------------ ------------ ----------

fi1N ISsets. Ht of HllrKio1tit111 IG.'90 ,'5.'9i ~.978 801.82' ?59.733 
Colstr1eti• ii .fOlffSS .... 0.000 27.000 0.000 0.000 0.000 
Carr111t iS5'lS ......... :~i.2~1 m.m 1s1.m 157.211 157.21! 
Cnli, Ntl ...... · ..... 2!.333 21.333 21.m 21.333 21.333 
Cola wr•l•s, fiU11Ct o1nilalt • 2i171.800 ·~·''l 57".441 7224.2'3 8'84.084 
loss urritd fornrd ...... 0.000 0.000 o.ooo 0.000 0.000 
loss ............... 0.000 0.000 0.000 0.000 0.000 

Tot.I lilllilititS •••••••• 4067.034 543£.152 '808.9'3 8204.,33 9'22.3'1 
----------- ---------- -------------- ----------- ---------------

EflilJ upito1l ......... 2'74.250 2'74.250 2'74.250 2'74.250 2'74.250 
bwrm, rehilled •rofit •••• 51.528 137£.981 272£.109 4~.911 5494.580 
Prtfit ............. 1325.454 1J49.128 lJ72.802 1395.569 1417.721 
l.Ollt ..i Hdi• ter1 dfllt • • • • 0.000 6.000 O.OGO 0.000 0.000 
Carr111t li•bili tiK • • • • • • • lS.802 lS.802 lS.802 JS.802 JS.802 
... l ovtrdro1ft. fillolllCt reouirtd. 0.000 0.000 0.000 0.000 0.000 

Toto1l debt ........... T.i.802 J~.802 35.802 JS.802 JS.802 

E•1itr1 l of liolbilitirs .... £5.433 4S. :94 JS.275 32.594 27.792 

i'HFl>iATEil lllllli!Nf Pi.ANT 1s11111m --- JIA.Y 5. l';i!·; 
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~~------------------------------~-------------- COllfAR 2.1 - llATIOllAL ECQllOlllC l DEV. AUTHORITY, llAlllLA -----

llTE&RATEI DUllllE PLAIT <SCllllT3> 
Jtl.Y 5, 1989 
51 CfllTEIT, YITillUT TAI, 540 RT 

llj yHr<sl of construction, 15 ye•rs of production 
currency conversion rites: 

foreiqn currency I unit = 1.0000 units accounting currency 
local currency I unit = 1.0000 units accountina curreacy 

accountinq currency: THOUSAllD U.S. DOLLARS 

Total initial investinent durinqconstructionphue 

fi 1ed assets: 
current assets: 
tohl assets: 

2674.25 
0.01) 

2674.25 

68.834 1 foreian 
0.000 1 foreion 

68.834 1 foreiqn 

Source of funds during construction ohise 

eauity l grants: 2674.25 68.834 l foreiqn 
foreign loans : 0.00 
local loans : o.oo. 
tot•l funds : 2674.25 68.834 l foreiqn 

---------------------------.---------------------------------------------------------------------------------------------------------
Cash flow from operations 

Year: I 6 9 
operating costs: 401.02 582.48 628.63 
depreciation 271.19 390.36 431.62 
interest 0.00 0.00 0.00 
---------------- ------------ ------------ ------------
production costs 672.21 972.85 
thereof foreion 47. 93 1 50.&3 1 
tohl sales 892.50 1606.50 

qross inco1e ?20.29 633.65 
net inco1e 220.29 633.65 
cash balance 154.67 7£0.03 
net Cishflow 154.67 760.03 

Net Present Value •t: 15.00 l = 1585.73 
Internal Rate of Return: 23.67 1 
Return on eouityl: 21.19 1 
Return on equity2: 23.67 l 

Index of Schedules producedbyCO"FAR 

Total initial invest1ent 
Total invest1ent ~uring production 
Total production costs 
Workin~ Capital reouire1ents 

Cashflow Tables 
Projected Bihnce 
Net inco1e state1ent 
Source of finance 

A 29 

1060.25 
53.80 1 

2088.45 

1028.20 
1028.20 
1425.45 
1425.45 



@ 

-coMFAR 
2-1 lll-U 00 

------- lllFAR 2.1 - IATICllAI. ECllllllC' IEV. AUTDITY, llAllLA ----

IITE61ATEI llUllllE PLAIT CSQllT4> 
.nu 5, 1m 
51 ClllTEIT. U/ SER ADJUSTllEIT. 540 ftT 

l\ yt•r<s> of coastr11etioa, 15 ye•rs of prod•ction 
currency connrsion ut!S: 

foru ... urrency I •it = t.2000 1111its UCOUltilt CRH!llCY 

l~al urrency I 1111it = 1.0000 anih ucoati1141 carrf!Ky 
iccoantinq c1rrency: TllOUSAllD U.S. iKll.lARS 

·-------------------------------------------------------------------------------------
Tot a I in i t i a 1 invest •en t duri1H1 coastraction Jhise 

fi 1fd assets: 
currl!lt issets: 
tolil assets: 

3042.40 
o.oo 

3042.40 

72.'°' 1 -forti• 
0.000 1 forti•• 

72.'°' 1 foreici• 

·------------------------ ------
Source of funds duriag construction pllise 

equity• 9rint5: 3042.41 72.'°' 1 fortilJ• 
foreign ions : 0.00 
loul loans : 0.00 
tolil funds : 3042.41 72.606 1 forti•n 

Cash flow fro• operations 

Ye.u: l 6 9 
operatina costs: 427.38 623.03 675.33 
depreti•tion 309.27 448.73 499.00 
interest 0.00 0.00 0.00 
---------------- ------------ ------------ ------------
production (Osts 736.64 1071. 75 
thereof foreian 52.46 l 55.37 1 
tohl s•les 1071.00 1927.80 

gross inco.e 334.36 BS6.Cl5 
net income 334.36 856.05 
cash balance 259.97 997.38 
net ushf11JV 259.97 997.38 

llet Present Value at: 15.00 1 = 2438.06 
Internal R•te of Return: 26.60 1 
Return on eauityl: 24.38 1 
Return on eauity2: 26.60 1 

Index of Schedules produC!d by COllfAR 

Total initial 1nveshent 
Total 1nvest1ent dur1nQ prllduction 
Total production costs 
Worrinq (apitai reauire1ents 

Cashflov hbles 
Proiected B•lance 
Ntt inco1e state1ent 
Source of f1n•nct 

A JO 

1174.32 
S&.28 1 

2506.14 

1331.82 
1331.82 
1790.34 
1790.34 



@ 

COMFAR 
2.1 LIHI 00 

- Cllf'&I 2. l - IATllllAL EamllC • IEV. Mmmltl I llAllllA -----

llTE6iATD lllllllE PUllT <Slllm> 
.nu 5, 1 WJ 
51 ClllTEIT, U/ C1llP. lllCOll£ T Al 

1\ yHr {s) of coestr11eti•, 15 years of •rCMllKtion 
cmrrea<y COllff'l'SiOll rites: 

foni.- carrfllCY l •it = 1.0000 •its KCOllftti" curacy 
locil c•rr!llCY l .. it = t.0000 uaits iccoaati" CllfftllCY 

icc1111ati .. Cllfrt11cy: illlJSMI U.S. llCl.lMS 
---------------- --------------- ·--------------------

Total initial invest•ent dllfi~c~str.cti011 .. ise 

fn!d iswts: 
currat iswts: 
tohl iswts: 

2'74.25 
o.oo 

2fti'4.25 

----------

68.134 1 forei .. 
0.000 1 forei• 

61.134 1 foni" 

Source of funds d•ri .. coastn1Ctioa pli•se 

~ity • ,riats: 2ftJ.4.25 68.134 1 forei .. 
forei9A INDS : 0.00 
lo.:il loins : 0.00 
tohl fUlldS : 2674.25 68.834 1 forti"' 

Cash flow fro• operations 

Yeir: l ' CJ 

oi;eritinq cost~: 401.02 582.48 ,28.'3. 
depreciition 271.19 3CJ0.36 431.,2 
interest 0.00 0.00 0.00 
---------------- ------------ ------------ -----------
oroduct1'lfl costs ,72. 2i 972.85 
thereof foreian 47.93 I 50.83 I 
tot•l sdes 892.50 l'°'.50 

aross incoll' 22<.:. 2CJ '33.'5 
net income 143.tCJ 4H.88 
cash b•lince 77.Sf. 538.25 
net c•silflov 77.5' 538.25 

Net Present V•lue •t: 15.00 I = 398.36 
lntern•l R•te of Return: 17.40 I 
P.eturn on equity!: 14.13 I 
Return on equitv2: 17.40 1 

lode>< of Schedul~s produced by COff'AR 

iotil 1n1t1•l 1nvest1ent 
Tot•I invest1ent dur1na production 
Tot•I production c~sts 
Workinq '-•01tal reauire1ents 

A 11 

C•shflov hblrs 
Pro.iected a.l•ncr 
Nrt incoer st•t.-ent 
Source of f in•nct 

l°'0.25 
53.BO I 

2088.45 

1028.20 
'68.33 

1°'5.58 
1°'5.58 



00 
COMFAR 
2.1 UHIOO 

-------------------- ----- Cflf'AI 2.1 - IATllJIAL Ea.llllC ' IEV. Mmmlll, IAllLA --

llTE6IA1£1 llllllE PLAIT l!iGll15> 
.nu s. t9M 
SI ClllTEIT. II/ Ffl!. TAI ID. lli\T 

1\ ~uCsJ of coastr•ctiOll, 15 YNrs of •r°*<tion 
CVf!llCY COlftrSiOll ntH: 

ferei .. curr!ICY l .. it = . t.0000 .. its ~couatilMI Clll'rNCy 
loc•l curr!GCY 1 uait = 1.0000 .. its ~cOUllti .. <•rr!llcy 

«c ... ti .. carr!llCy: TIDISAlll U.S. ICl..LAIS 

Total initial i nvest•ent MriM coastraction -"•w 

fi1!d assets: 
curr!lt assets: 
tot.II usets: 

2'74.25 
0.00 

2'74.25 

'8.834 1 foreiaa 
0.000 1 forei111 

'8.834 1 forei1• 

------ --- ·-------------------------------------------------------· 
Sou re e of funds 4llcri1a coastruction phaw 

!laity ' 1rillts: 2'74.25 '8.834 1 foreiqn 
foni.,i lNAS: 0.00 
loc•I lo.as : 0.00 
tot.I funds : 2'74.25 '8.834 1 forei~n 

Cash flow fro• operations 

THr: l ' CJ 
oper•tinq costs: 401.02 582.48 628.'3 
depreci•tion 271.19 JCJ0.36 431.62 
int.r.st Ci.00 o.oo 0.00 
---------------- ------------ ------------ ------------
production costs 672.21 CJ72.85 
therrof foreiqn 47.93 1 50.83 1 
tot•l s•les 892.50 1606.50 

lfOSS inCHe no.ir, r.:n.&5 
net 1ncoee 226.2<J 63~.65 

c•sh b.il •nce 154.f.7 760.03 
net c•shfl->w 154.67 761).03 

llet ~resent Y•lue •t: 15.00 1 = <J2f..9] 
Intern•! R•te of Return: 20.B<J 1 
Return on equity!: 17. 78 1 
Return on equity2: 20.89 1 

I nde>e of Si: hedu 1 es produced by COllfAi 

Toh! 1niti•l 1nvrst1l'n~ 

Tot•l invest1ent durinQ production 
Tot•I production costs 
llorhnq Cui t.I re111Jire1ents 

(•r~ ~!(•IO ~.bJeS 

Projtcted B•l•nce 
Net 1nco1e state1ent 
Source of f1n•nie 

A 12 

1060.25 
53.80 1 

2088.45 

;n28.20 
6f.8. 33 

1065.58 
lJli!' 



Tot•l Production Costs ia Tl8l5ll9 l.S. ICUAIS 

'"'. . . . . . . . . . . . . . . . 1!!2 1"3 1"4 lfti IWi 

1 et -.. c.-ity (si .. lt .,.-u. o.ooc 0.000 o.ooe 0.000 ..... 
la UltriAl l. .. . . . . . . . . ''·"' 104.000 104.000 IM .... IM.000 
llller r• ultri1ls ... . . . . . 57.314 .s.,n .s.m 85.,~ 85.m 
lltilitits . . . . . . . . . . . . . ;_24, i.m 2.m 2.m 2.m 
&trty •• . . . . . . . . . . . . . H.,~i- 10.1:::; it.U3 70.743 20.743 
....... •irtct . . . . . . . . . . . K.GOU 53.000 5.1.000 53.000 53.00I 
.,Ur. uiateu•tt . . . . . . . . :i.ooo 14.IGG .,.(;&'16 14.GOO 14.000 
S,.ts . . . . . . . . . . . . . . 6.NO o.oc;i; 2'.000 2'.GOO 2'.000 
FKl•y ftel'llNH . . . . . . . . . n.ooo 41.oYI) 41.000 41.100 41.000 

--------------- --------------- --------------- ------------ ---------
FKt•y cests •••••• . . . . . ~-'>l' 311.'117 347.487 347.487 30.487 
llleiaistr1tiwt ~Ille~ • . . . . . 18.000 111.0G.1 18.000 IUOO E.000 
IMir. cests. ults _. •istrikti111 48.000 71.ijQG 12.000 n.100 n.ooo 
lirtct cests. wits _. •istri .. tioe 0.0011 O.oaG 0.000 o.ooo C.000 
ltfrtciAti• • . . . . . . . .• . . . 2ii. I,. i)S."5 Jl!.342 343.0" 366.,IJO 
Fiuaci1l cests . . . .. . . . . . 0.000 ~.or,.; 0.000 0.000 o.eoo 

------------ ----------- -------------- --------- ----------
!obi •r.-Cti• costs • . . . . . . ,n.m 177.155 m.12'J 850.503 174.m 

=--=:======= ============ ==========--= =====--=== ====== 
tests ft' •it ( si11111le •rMlc:t ) . 0.000 0.000 o.ooc o.ooo O.OOI 
If it f•ei .. , 1 •• . . . . . . . . 47.m 4,.217 4, •• ., 50.021 50."8 
If it Hrilllle,1 •• . . . . . . . . 0.000 0.000 o.ooo 0.000 0.000 
Tobi I._. . . . . . . . . . . . '4.000 ... 000 '1.000 , •• 000 , •• 000 

llTEliRATfD DUllillE PLAIT (SQIITJI -- .nu 5. I,., 
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·~0"!!,o~ 
---------------------- CillfM 2.l - IUllJIAl romllt' IEV. AU11GITY, UlllU--

Tot•l Product; ion Costs i• 11lllSAlll U.S. illiilARS 

,, .. . . . . . . . . .. . . . . . 1'!17 tftl lm 2000 2081 

1 ef ... u11.citJ (si•l• 11r1McU. 0.000 0.000 0.000 0.000 0.000 

It.- uttri1l l • . . . . . . . . . . 125.000 125.000 125.000 125.000 125.000 

•• ,,. uttri1ls . . . . . . . . 103.1" 103.1" 103.1" 10'-314 IM.314 

am ties . . . . . . . . . . . . . 3.0K l.08' 3.IK 3.08' 3.05 

&erty. . .. . . . . . .. . . . . . 24.m 24.m 24.m 24.m 24.m 

u..r, •irtct. . . . .. . . . . . u.ooo "·'°° ,1.IOO U.000 U.000 

blllir, ui•tt'UICt . . . . . . . . 17.000 17.000 17.000 17.000 17.000 

S,Ves . . . . . . . . . . . . . . 2'.000 2'.IOO 2'.000 2'.0GO 26.000 

f«t•y lftf .... S . . . . . . . . . 4,.000 4').000 ~,.000 '4.000 '4.000 

-------- --------- ------ -------- ------------
r.c:tory costs . . . . . . . . . . . 408.481 408.481 408.481 42U2' 42'.,2' 

llflii•istr1ti~ o~llt,.s • . . . . . 88.000 86.000 88.000 88.000 88.000 

IMir. costs. ulK illd •istrit.;;•;,-.. ~.uoo GE..000 "·* 111.000 111.000 

lirect costs. wles _, distrikti011 il.000 O.GOO 0.000 0.000 O.OllO 

lfllreci•ti• • . . . . . . . . . 3'0.3'4 411.414 434.4114 431.'21 171.WI 

fi•.:i1l costs . . . . . . . . . . 0.000 0.000 0.000 0.000 0.000 

-------- ------------- ------------- ----------- ---------------
Tobi 11roRctioa costs • . . . . . . m.1145 '!14.'°5 tcnfa.%5 IOf.0.250 601.530 

=--==== ============== :;;-_;::;:===== ========== ===========::; = 

Costs "" •it ( si .. lt ''°""t > . 0.000 G.000 0.000 0.000 0.000 

If it farti"', 1 • . . . . . . . . . 50.1134 5i.~7 52.2'41 53.7% 47.50, 

Df it nriilllt,l • . . . . . . . . . 0.000 0.000 0.000 0.000 0.000 

lot1l 1ao.r . . . . . . . . . . . "·000 'CJ.000 ,,.000 ,,_.00 "·000 
---------------------------------------------------------------------------------------------------------------------

llTE6RATED DUlllllE PUllT (51111113> --- Jll.T 5, ICJB4J 
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~f,OP!_~~~ 
------------------------------------- CIWAR 2.l - IATllllAL Eam!IC' IEV. AllTlllRln, IWllLA ---

Tot.ill Producti c-n CC's1:s i11 i~~ ll.S. :Mi.A~ 

IHI' • . . . . . . . . . . . . . 2002 2003 200' 2005 2006 

I ef .... n•Kity <sin11lr •raductl. 0.000 0.000 0.000 0.000 0.000 
bv utrri1l l • • • .. . . . . . . 1n.ooo in.ooo ln.ooo tn.ooo ln.ooo 
•llfr nv utrri•ls IOS.314 IOC!.314 ICCl.314 '°'·314 - IO'J.314 . . . . . . . . 
ltilitirs . . . . .. . . . . .. 3.08' 3.08' 3.08' 3.08' 3.085 
Ealrff •• . . . . . . . . . . . . 24.m 24.22' 24.m 24.m 24.22' 
Uhlr, 41irect • . . . . . . . . . . 6&.000 '1.000 &l.000 &1.000 '1.000 
leflir, ui•teuacr .. . . . . . 17.000 17.000 17.000 17.000 17.000 
S,Urs . ... . . . . . . . . . . 2'.000 2'.000 2'.000 2'.000 2'.000 
FKtwr ner•ms . . . . . . . . . &4.000 &4.000 '4.000 '4.000 '4.000 

-------------- -------- ---------- ------ --------
FKtorr CKts . . . . . .. . . . m.&2' •n.&241 42'.&2' 42'.&2' 42'.&2' 
W.i1i str •ti" oftl'•••~s • • .. . . 88.000 88.000 88.000 88.000 88.000 
Jellir. costs, s.lrs ud distrib1tion 111.000 Ill.GOO 111.000 Ill.GOO 111.000 
lind costs, s.lrs m distrib1tion 0.000 0.000 0.000 0.000 0.000 
i!,rKiltioa. . . . . . 134.;&7 110.&93 &7.01' &4. IS:l 42.093 
FiUll<i•I C6Sls . .. 0.000 0.000 0.000 0.000 0.000 

-------------- -------------- -------- ------------- --------------
Joh! production costs • m. 4J% m.:m 715.&48 "2.781 &70.722 

=====.:.========= ====:.========== ============== =========== ============== 
Costs 11rr ui t C siaale orodud l O.OC<• 0.000 0.000 0.000 0.000 
If it forri11, 1 • . . . . . . 45.&~ o.:.4:1~ •3.050 41.'82 40.293 
I! it w•riulr,l • . . . . . . . . . 0.00;} 0.000 0.000 0.000 0.000 
Johl hllaur •• .. . . . . . &CJ.GOO H.000 ~'i.000 &CJ.GOO &CJ.GOO 

------------------------------------------------------------------------------------------------------ ·-----------------
JITEWTfD llUilllllf i'LAllT (~tNT31 --- JIU S, ICJ&'J 
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Coash fl ow Tabl P.S. construe ti on i• T1llJSAlll U.S •. RLAllS 

'"' ......... l'J1C.; l'l-TC.2 19'1. i l'J'Jl.2 

Totil c•sll i1flov .. 0.000 ~77.(i.-:0 li.14. 700 111\1.700 

---------- ------- -------
riuaciiJ f'509'CfS • O.OllO ,li.850 934. 700 861.700 
Siles, ~t of ti1 • • O.OOG 0.000 0.000 0.000 

Totil c•sll C111t flov • • O.Olill ,77.843 834.701 8'1.701 

----------- ------------ ------ -----
Tot•l uwts .... 0.000 ,71.143 834.101 8'1. 701 
llper•ti19 cost~ ••• 0.000 0.000 0.000 0.000 
CoU of fiHllCf • • • 0.000 0.000 0.00') 0.000 
lep•JHlll 0.000 0.000 0.000 o.ooe 
CorJoritt tH 0.000 0.00(I 0.000 o.eoo 
Ii wideHs ••iii ... 0.000 0.000 0.000 0.000 

S4rrJllS ( dtfici t l . 0.000 0.007 -0.001 -0.001 
Cualitfil usll biluct 0.000 0.007 o."' 0.005 

lnflov, loul .... 0.000 JJCJ.570 24,.'40 24!;.940 
Out flow, loul • • • • 0.000 :m.5'7 24'.942 24'.942 
Surpl1s ( dtfici t ) . 0.000 0.003 -0.002 -0.002 
1.tlov, for1iq11 ... 0.000 '38.280 58l.7&o '14.760 
Dutflov, fortiqn ••• 0.000 i'Jll.271' 587.75'1 '14.75CJ 
Sur11l1s ( dtfici t I O.MO 11.004 0.001 0.001 

llft usllflov • • • • • O.iWt -cm.Re -ilC.4. if•I -8'1. 701 
Cuulitfil 11et ushii911 11.000 -'H7.114J -11112.~"' -2'74.245 

l~iEill!ATED llUIMllE PLANT <SGIMT31 --- JULY 5. lCJ81 
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.f,Oi'L~~r 
---------------------:-------- COlltAi 2.l - llATIQllAL ECllllHC 'IEV. AUTUm. IWllU -----

Cash flow tables. production 11 TIOISAllD U.S. ICllARS 

Tur •.•••••••• 1m lcrJ3 tm tm 19'& 1'17 

Tot.I usil i•fl ov .. ~m.585 1344.llS 13'0.917 1338.750 1338.750 1'11.583 
----------- ---------- ------------ ------------ ------- --------

Fia.c:i1l rfSOllfCft • 22.0llS 5.~ ~.m 0.000 0.000 5.083 
S.ln, 11tt of tu • • 11'12.:iOO t338.75C 133&. :so 1338.750 1338.750 1606.500 

Tthl cull 11tflov •• iSS.')70 735.lif.'i 1~.i~ 744.227 744.m llSI .551i 
----------- -------------·- ------------- ----------- -------- --------------

T1til iswts .... 358.4)01 257.573 m •. n:i 23i-. 742 m.m 269.075 
a,trlti .. costs ••• 401.01') 481.487 507.487 5117.487 507.487 582.481 
Cost of fi•uce • • • 0.000 0.000 .0.000 O.ilOG 0.000 0.000 
ltp•yeent 0.000 O.li5'i 0~000 o.ooc 0.000 0.000 
Corsonte tu 0.000 O.OCIO (1.000 0.000 0.000 0.000 
li•iffllls 11•id ... 0.000 0.000 0.000 O.OOCi 0.000 0.000 

s.r11h~s ( deficit ) . 15Uli5 to4.CC1i 55fd.&& 594.521 5')4.511 7£0.027 
C...l1tetl cash b•l•nce 154.670 759.116 1315.804 l'H0.325 2504.841i 3264.874 

lnllov, loul 15.103 c .... r 0.000 0.000 0.000 3.845 .... _ .... -·LJ 

Out flov, locd • • • • -..ru 3Cj0.!il5 lli'J.098 Jli').099 36,.cm '130.593 
Surplls < deficit J . -371.850 -385.150 -369.0')8 -369.0')8 -369.~ -426. 748 
Iaflov, forei911 ... m.482 1338.750 1340.'17 1338.750 1338.750 1'07. 738 
Outflow, forei•• ••• 372.IJli7 349.154 415. IJI 375.131 375.131 420.%3 
SurpllS ( deficit J . 526.515 ,ll'J.596 925.786 '63.619 '63.m Hali. 775 

let usllflov ••••• 154.665 604.446 556.t&I m.m 594.521 7£0.027 
Cuaubted net ushflc;v -251CJ.580 -ms.m -1358.441i -763.925 -lli').404 510.t24 

iNTE6RAiED ~ijiNldE PLAJtT iSQlMT3l --- JULY S. 198~ 
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.f.O"t~~r 
------------------------------- COlllAR 2. t - llATUllAl Er.GIQllC ' DEY. AllTIO!iTY, IWllLA ----

Cash flow tables. production i11 TlltlliSAllil ll. S. aot I m 

Yt•r ••••••••• 1998 .,,'J 2000 2001 2002 2003 

Tot•l ush inflow .. Ui06.SOO 1&06.SOO 2090.21:1 2088.450 2088.450 2088.450 
-------- ----------- -------------- ------------ ------- ----------

riHICi•l rtsOUrCfS • 
I 

0.000 0.000 1.7'2 0.000 0.000 0.000 
S.ltS, 11tt of tu •• 1,06.SOO 1&06.SCO 20&8.4SO 2088.450 2088.450 2088.450 

Tot.I ush outflow •• 803.083 803.08~ '64.7£.2 '2U2'J ,28.fi2'J ,55.fi2'J 
-------------- -------------- --------------- -------------- ----·------- ---------------

Tot.I .sStts .... 120.602 220.fi07 36.133 0.000 0.000 27.000 
llptuting costs • • • 582.481 582.481 fi28.62'J fi211.fi2CI fi28.fi2CI fi28.fi29 
Cost of fiuncr ••• 0.000 0.000 0.(100 0.000 0.000 0.000 
Rep•yaent 0.01!(1 Q.Ollll 0.000 0.000 0.000 0.000 
Corporate tu 0.000 (l.(lfiO 0.000 0.000 0.000 0.000 
Dividends 11•id ... Q.000 O.OOc.l G.OOQ 0.000 0.000 0.000 

Surplus ( dtfici t l . 803.417 fli!:<.~17 l'/5.451 m~uin 1459.8'1 1431.821 
Cuaubtl!d c.sh b.il•nce 4068.l'H 41!71. 7GB lj~J.158 1ic..r;. 'J79 'J216.800 1064CJ.fi20 

Inflow, loc•l .... 0.000 o.coo l.1Fii 0.000 0.000 0.000 
Out flov, loc•l • • • • 415.238 415.238 ~~l{l.271 l'J5. l42 3'15.142 3CJ5.142 
Surplus ( deficit l . -415.238 -415.i':lli -:m.985 -J'J5.142 -3'5.142 -395.142 
·inflow, forti9n ... lfiOfi.500 161)6.50•) 21JIJ3.CJ3<1 20Bll.4SO 2088.450 2088.450 
Out flow, foreign • • • 387.845 )87 .845 if.4.451 233.487 233.487 260.487 
Surplus ( deficit l . 1218.655 t218.65S 1824.439 1854. CJlj3 1854.%3 1827. CJE.J 

lltt ushflov ••••• 803.417 803.417 1'15.451 145CJ.871 1459.821 1432.821 
Cuaubted net ushflov IJCJ4.041 21'17.458 3ii22. 908 soe2.m fi542.550 74.175.371 

INTEGRATED GUINlllE PLANT !SllllTJl --- JULY 5, ICJB'J 
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.f,OM!~"f 
--~~~---~--------------~------~-- Cllf'AR 2.l - llATlllllAL £CGllllllC' IEV. AUTllllRITY. IUlllLI -----

Cash fl ow tables. fl r oduc t; nn i11 T1lllilSID ll.S. ~I IRS 

Yen • : •••• 20Q.4 2005 200ti 

Tot•l ush inflov .. 1088.450 20ll8.450 i08(:.45V 

--------------- ------------ --------------
riH•<i•I resourc~ • 0.000 0.000 0.000 
Sil~, ~t of t•1 • • 2088.450 2088.450 2088.450 

Tot.I c•sll oatftov • • 628.62' 6~.6£") 628.62' 
-------------- ----------- -- ---------

Tohl Hwts .... 0.000 0.000 0.000 
Openti19 costs • • • 628.62' 628.62' 628.,2' 
Cost of fiHnce • • • 0.000 0.000 O.llOO 
lep•yaeat 0.000 0.000 0.000 
Corpoute -h1 0.000 o.ooo 0.000 
Ii Yidl!Clds p•id ... 0.000 0.000 0.000 

Sar plus I dffici t l . 145'U21 1459.&11 1459.821 
Cuaul•ted t lsh llihnce 1210'!.440 13%9.2'0 1502'. OllO 

lnflov. loul .... O.Oiii1 0.0'111 ;i.OllO 

Dutflov, loul •••• 3ct5. l42 3'15.142 3ct5.142 
Surplus ( d•fici t J . -m.m -3'.15.142 -395.147 
lnhov, forei11n ... 2088.450 2088.450 20~.450 

Out fl911, forei11n • • • 233.487 233.487 23J.48i 
Surplus ( deficit l . 1854. 4J6] 1854.9'3 1854. %3 

let ushflov ••••• 145'1.811 145,.821 1459.821 
Cu1ul•ted net ushflov 9435.191 10895.010 · 12354.830 
---------------------------------------------------------------------------- -~ ------------------------------------------- ----

lllTEliP.ATEO CIUllllllE PLANT <SOINT3l --- JIR.Y 5, 1418'i 
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C•shflov Discountino: 

1) ~ity Ni411 nrws •t ilCOI'! flow: 
lft •r~t ••~•• ... . . ..•••..•. it~ .• '.';, --
l1terul btt of ltt•r• HilREll •• 2t.l'i l 

bl ltt llortll nr~ m.t cisla r~tun: 
llR •rts111t .... •• • • • • •. • • • •• • 1515. n .at 
l1terul btt o! lttu• URIE2l • • Jl.51 l 

cl l1t1rul Ritt of htu1 • -totil i•Y@'>tffllt: 
llR •rtw11t HI If •••••••••••••• 

l1terul blf of ht•• l IRR > •• 
Id lortb = £ .. ity ,.i• •In rtwrw.s 

l~.73 it 
23.'7 1 

:s.w l 

15.00 1 

15.00 l 

------------·------------------------------------------------------------
1111EGRATEI llUlll~ PLAIT lSllllTll --- Jll..Y S. ICJ~ 
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f,OM!~o~ 
------ ------------------ COllnl 2.1 - IATI..._ EtmllllC l lt."1. AUTDin, lllllllA ---

Net Inco•e State•ent i• THllUSUI U.S. Ill.LARS 

'"'. . . . . . . . . . . . . . .. . 14"2 !"13 lfit lfti 1"6 

Tebl silts. i11<I. silts tn •• . . . (ICJ2.500 1)31.750 1338.750 1331.750 1331.750 

l.fts: ••iale costs, i1el. Siles tu. o.eoo 0.000 0.000 ..... 0.000 

---------- --------- ------- ----
t•iale ur•i• • . . . . . . . . . . &'i2.500 tn&.750 1338.750 1338.750 1338.750 

As l ef tohl seles .. . . . . . .. :Oo'l.llCi. j.16.i~<: j!'~.000 100.0Cll 100.000 

... -nriale costs. i1el. tl'!llre<i•tion •n.211 1ii. l!i5 llii.921 IS0.50'.; &74.1n 

-------------- ------------- -------------- ------- ---- ---------
llp«itioul ur•i• • . . . . . . . .. 220.287 '>'.l.5'5 511.•21 488.247 4'4.573 

As l ef tehl silts . . . . . . . . . :?4.~2 •:.'49 38.23' 3'.470 )•.10~ 

Cost ef fi•..ct . . ... . . . . . . o.wo 0.06G 0.000 0.000 0.000 

--------------- --------------- -------------- ------------- ----------
'nss 'rofit • . . . . . . . . . . . . 220.2117 Sf.l.S~ 511.Ul 4811.241 4'4.573 

AlllNllCts. . . . . . . . . . . . . . u.CiOO 0.000 0.000 0.000 0.000 

Ti1alt 111rofit • . . . . . . . . . . . 220.37 Sbl.5'5 511.,21 488.247 4'4.573 

Tu . . . . . . . . . . . . .. . . . 0.000 0.000 0.000 0.000 0.000 

--------------- --------------- --------------- ------------- ---------------
1tt 111nfit •• . . . . . . . . . .. . 220.287 ~i.595 511.'21 411-247 4'4.573 

liri~s ,ii• .. . . . . . . . . . . 0.000 O.OCG 0.000 0.000 0.000 

IUistrilMltn 111rofit • . . . . . . . . 220.287 561.5'5 511.'21 4811.247 4'4.573 

Acc ... littd llllllistrilMltn 111rofit •• . 220.287 781.112 l2'J.803 1m.oso 224'.,23 

'nss 111rofit, I of tohl silts • . . 24.6112 41.,4, 38.139 3'.C70 34.702 

•t 111rofit, l of tohl silts • . . . 24.6112 .;1.,., 38.n'J Jt.470 34.702 

lllE, ltt 1nfit, l of ,.•ih •• . . . ·8.m 11.000 l'U4J 18.257 11.:m 
RO[, let 1rofit•i•tfftsl, l o;f iawest. 1.:u' 11.i:•lli 14."-7 12.m 11.580 
--------------------- ... -------------------.. ------------------------... -...... ------------------------------------------------------------

tllTE;iilAiEO QUtltllf'. Pt.All fSQIKTJJ ...... JlU 5, l'i&~ 
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-- CGllfAll 2.1 - llATllllAL Et1IUllC' IEV. MITDITY. llAlllLA -----

Net Inc o•e St at e•en t ;a TllllUSAIGI U.S. iKii.lARS 

TNr ••• • ••••••••••••• l,CJ7 ICJ4M rm 2000 2001 

Tot.I siln, i1el. silts tu ••. .. l'°'.500 1606.500 160£..500 2088.450 2088.450 
l.fts: nriMlt costs, i1el. w!H_ tu. 0.000 0.000 0.000 0.000 0.000 

------ ------
Y•iilllt urti• . . . . . . . . . .. IGK.500 1606.500 1606.500 2088.450 20al.450 
h 1 tf tobl s.ltS . . . . . . . .. 100.0llO 100.000 100.000 100.000 100.000 

laa-nriult cosh. i11Cl. -.ireci1ti011 ,72.145 ,'4. IJOS 101,."5 1060.250 801.530 

------------ ------------- -------- -------- ------------
llpeutioul urein • • • • • • •• .. ~u.,~ 'I l.5'5 SllCJ.SlS 1028.200 128'.,20 
h 1 of tot.I s.les ....... . . 341.443 38.070 Jli.EW 4,.233 'U21 

Cost Of fiNIKt ......... . . 0.QO() 0.000 0.000 O.oo.l o.ooc 
--------------- ------------- -------------- -------------- --------------

liross 11rofi t • . • • • • • • • • • • . 'l-'U-'i'.'i 'H.5'f'i SllCJ.535 1028.200 128t. ,20 
All-ts ••••.••..••• .. (1.11\iO o.ovo 0.(IOO 0.000 O.tOO 
Tuule profit • • • • • • • • • • .. m.m ,ll.5'J5 SIN.535 1028.200 l28t.'J2C 
Tu ............... 0.00(1 0.000 0.000 0.000 0.000 

--------------- --------------- --------·------ --------------- ---------------
lltt •rofit •••••••••••• '33.'55 ·lill.595 511,.SlS 1028.2f)(I l2fif.. 'J20 

liviHUs 11•id •••••••••• .. 0.000 0.000 O.OOG 0.000 0.000 
Wi stributtd 11rofit • • • • • • • • • li:'-3.'55 lill.5,5 58'J.53S 1028.200 1286.'120 
Acc-bttd lllldistriDuttd 11rofit ••• 28a0.271 34,l.&73 4091.408 SIOCJ.li08 ,3'6.528 

5ross profit, 1 of tot.ii s1lt5 •• .. 3'.443 38.070 3'."7 4'-233 ,l.'21 

let 'rofit, 1 of tobl SilK •• .. JCJ.443 38.070 Jli."7 44.1.233 £1.f.21 
lllE, ltt profit, I of t111itJ ••• .. 2UCJS 22.870 22.045 38.448 48.123 
IOI, let profit+i•ttrKt, 1 of invest. 14.BICJ q.liOI 12.4'8 21.'3'J 27 .084 

lllTE6RATED GUl•lllE PLANT ISDllTl> --- JULY 5, l~B~ 

• 



•
• 

@ 

fO~-~~o~ 
-------------- COlf"AR 2.t - IATllllAL Etl*llllC 'IEY. ADTlllRITl, llAlllLA -----

Net Inco•e State•ent in TilOlNllll ll.S. IPl.LMS 

Yur . . . .. . . . . . . . . . . . . 20l)2 ~J 2Wt 2005 2006 

Tot1l win, i1cl. SllH till • . . . . 2088.450 20&8.450 1088.450 2088.450 2088.450 
less: nriule costs, incl. Siles tu. 0.000 0.000 0.000 0.000 0.000 

-------- ----------- ------- -------- --------
Vuiale ur9i1 . . . . . ... . . . 2088.4SO 2088.450 2086.450 2088.~50 2088.450 
Is 1 of tohl Siles ... . . . . 100.COC IOC.O~ 100.000 100.000 100.000 

llol-w1riale costs, incl. dt11reci1tion 7,2.!96 m.m 715.'48 m.181 ,70.722 

-------- --------- --------- ---------- ----------
llper1tio11l •1r9i1 • . .. . . . . . . 1325.454 IJ4CJ. t28 1372.802 13CJ5."CJ 1417.728 
As 1 of tot.ti wles . . . . . . . . . ,J.4" '4.5CJCJ '5.733 "-828 ,7.884 

Cost Of fiHllCf . . . . . . . . . 0.000 0.000 0.000 o.ooo 0.000 
--------------- --------------- --------------- -------------- -------------·-

Gross profit • . . . . . . . . . . . . 1325.454 1349.128 1372.802 IJCJ5."CJ 1417.728 
AllONllCK • . . . . . . . . . . . . 0.000 0.000 0.000 0.000 0.000 
T1111blt orofit . . . . . . . . . . . . 1325.454 1349.128 rm.&02 rm.u;9 1417.728 
Tu . . . .. . . . . . . . . . . . 0.000 0.000 0.000 0.000 0.000 

-------------- --------------- --------------- --------------- ---------------
let profit • . . . . . . . . . lli'S.454 l'.<49.1?11 l'.<;2.6(;1 1:;'1s.w; 1417.71ii 

Ii Yidnds ••id • . . . . . . . . 0.000 G.Oi>4i 0.000 0.000 0.000 
llndi stributed profit • . . . . . . i:<:''i.454 m<i.;111 J3~1.F.ll7 il'15.L6' 1417. 728 
Acc ... llted llldistribuhd profit • . . 7121. CJa2 CJ(;7i. ilG 10443. 'iiO 11831.580 13257.310 

&ross profit, I of tot.II s1les • . . . fi3.46l. 1\4.5~9 fiS.133 ''· 8i11 
67.884 

•t profit, I of tot.I Siles • . . tl.4t0 ri4.5'j1! t'i.713 f.li.828 b7.884 
ROE, let profit, I of rtuih • . . . 49.5'4 Si•."'I 51.3'.U S1.llt'i ~:.u1c 

ROI, •t orofit•interest, I <>f in.est. 27.IM zr..233 11). 729 29.207 2'i.f.li'i 

I•TEGi!ATED QU(i(NE PLAllT <SllI•Tll --- Jli.Y 5, 11P.1 
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----------------------------------------------- Clll"AR 2.1 - IATllllAL ECllDIIC' DEV. AUTDITY, llAllLA ----

lllllllE PLAIT. PROCESSII& IK.Y. 450 Ill 
Jll.Y 5' I CJ89 
51 COO'EllT, 1110 CORP. lllClllE TAI 

1\ yeuls) of construction, 15 J@US of 11rodudion 
currency conversion rates: 

foreiqa currl!ftCy l 11it = 1.0000 uits ucCMlllti~ c1rrency 
local currency l anit = 1.0000 units accouating currency 

accountinq currency: TlllUSAllD U.S. DOLLARS 

SQJ!RC 1 

--------------------------------------------------------------------------------------------------
Total initial invest•ent lluri~constr11ction11hue 

fi 1ed usets: 
current assets: 
tohl usets: 

2521.11 
0.00 

2521. ll 

68.CJ15 I foreign 
0.000 I foreiqa 

68. CJ15 I foreion 

Source of funds durino construction ohase 

eouity • orants: 2521.11 68.CJ16 1 foreiaa 
foreign lo.ns : 0~00 
loul loans : 0.00 
tohl funds : 2521.11 68.CJ16 I forei•n 

Cashflflw front operations 

Ye.r: l b Cj 

ot1eratino costs: £68.02 CJ07.4CJ IJ07.4' 
depreciation 255.88 i55.88 243.19 
interest 0.00 0.00 0.00 
---------------- ------------ ------------ ------------
production costs 923.CJO 1163.37 
ther~f foreiqn 70.12 I 73.74 I 
tohl sales BCJ2.50 1338.75 

oross i11cl)tle -31.40 175.38 
net 1nco1e -31.40 175.36 
cash b•hn(e 65.66 404.2£ 
net cashfiov 65.66 404.26 

Met Pres~nt Value at: 15.00 I = -300.59 
Internal iat' of Return: 12.52 l 
Return on eou1tvl: 4.70 l 
Return on equitv2: 12.52 l 

Index of Schedules produ(edbyCOllf'AR 

Tot•! 1nit1•l inYestnent 
Total invest1ent during produ(tion 
Total production costs 
Wor~1nQ Cao1tal require1ents 

Cashflov hbles 
Projected Balance 
Met inco1e state1ent 
Sourr.e of finance 

ltS0.67 
74.st 1 

1338. 75 

188.08 
188.08 
404.26 
404.26 



-------------------------------------------- Ullf'Ai! 2.1 - llATIU.:1. EC6."111!!: l DEV. AUTIDITY, llAlllLA ----

llUIIIllE PUNT. PROCESSJI& ORY, 450 IT 
.nu s. t 98'i 
5I ClllTtMi. ';;/ ~ 4iJilSTIDi 

1\ yHrfs) of i:oastri1cti1111, 15 ye.rs of arodui:tio111 
curreacy C(lllYPrsion ntPs: 

forP11111 carrencv I 1nit = 
io.:ii curr@llt:J I lll'it = ;.00•1-0 1,11;tc; •·:•i;i;n;i;;.: .-1.n@r..:v 

•ccOU1tino nrreacy: ilOJSAD ll.S. 80lLA25 

Tot al in i t i al i n vestment ·r.a•rina toostructillll 11h•sP 

fi IM iSWh: 
curu11t iswts: 
tohl •ssets: 

28611.r.o 
0.00 

2868.60 

72.~l 1 forei•n 
0.000 1 forpian 

72.6111 1 foreion 

SQPRC 2 

-------------------------------- -----------------------4---------------------------------
SourcP. of funds durina construction Dhise 

eauity l ,,.,.ts: 28£11.60 72.~l I foreiqn 
forei1111 INRS : 0.00 
loci I INns : 0.00 
tot ii fllftdS : 2868.60 7£.~l 1 foreiqn 

. 
------------------------------------------------------------------------------------------------------------------------------------

Cashflow fro• operations 

Yeu: I f. 9 
l)IJl!ritina costs: 71il.5f. :.i4J.Of. i043.0t 
deprec i it i (Ill 751.8' i9i.89 779. ii. 
interP.St 0.011 0.00 0.(J(J 

---------------- ------------ ------------ ------------
pr~~u(tion (()Sts lOS3.4f. rr:.4.'i"i 
thereof foreian 73.79 I 77.11 z 
i()hl sall!'i 1071.00 l(,1ii). "i1} 

aross incoee 17.54 ~'7!.55 

n2t inC()lf 17.54 271. 55 
cash b•l•nce 128.81 531.04 
r.et ushflov 128.81 531.04 

llet Present Vilue •t: 15.00 1 = 11.46 
internil R•te of Return: 15.08 I 
Return on eauityl: 7.51 I 
Return 4n equity2: 15.08 1 

lnrlP.x t:•f Schedules produ,ed bv CO.'lf"~ 

f()til initi•I inve!-t•fflt 
fotii investlfnt d•Jrinq production 
iot~l production cost~ 
W()rkina C•oit~I reau1re1~ts 

C11shflo1i1 i~h!Ps 
Pr41P.~t~d e~:~n~P. 

.NPt ; nN•ll' !ot.tt pep;it 

SourrP. of f1n~n~P 

1322. 2t 
77.~ 1 

W!li. Sti 

/ii4. ';~ 
284.24 
531.04 
53i.Ol 



.. 

.. f.Ort~~of 
--------------------aw• 2.1 - IATlmAL ~·c & IR. MTDm. IAllLA -

Tot.al Initial Invest•ent i• TIIEM91.S. ~ 

,,. ............... . 
Fi m illft'Sbllt cests 
LIM, silt ,,.,..ti•, *911 ... t 
•H•iiip _. dYil "'h ••••• 
Anili•J _. stnict f1eilitits • 
11e.,.,1t8 fim nsth ••••• 
Pl•t ... illtfy _. e.-i,_.t ••• 

1'90.1 

..... . .... . ... . .... . .... 
ITJ0.2 

75.'90 
73.140 

375.4411 
2'.100 

m.273 

l!'JI.! 

••• 
'5.115 

m."' 
2'.400 

341.'88 

14nl.2 . .... 
'5.tt5 

·m·"' 
53.40I 

:MUii 
----- ----- ----- ------

Tet1l fim i1"5t1111t cests •••• ..... '45.511 m.m eoo.m 

Prt"JrlHcti• c•ilil tlltMit•ts. '·"' 0.000 0.000 0.000 
ltt wrh., c•ihl • • • • • • • • 0.000 0.000 0.000 0.000 

---------- ------------ ----------
T1t1l i1iti1l iawtSt .. t cests • • • 0.000 ~.511 m.m aoo.m 

If it f•ei ... i• 1 0.000 '5.055 70.734 71.721 

llUlllllE PUllT,· mlCESSllli .. ,. 450 III -- J1U 5, 1'8! 



.f,OM.,t~f 
-.....,...------------------ tai'M 2.1 - llTIM. t:JlllllC l IEV. Mtmm. •tu -

Tot•l Production Costs i• tlBl5MI 1.5. Ill.UIS 

,_ ................ im im l"M' 2000 20ll . 

l •f ... <IP[ity (si .. 11 ,,.-u. ..... UOI O.OIO I.IOI ..... 
r. ut1ri1l I • • • • • • • • • • • 35.IOI 504.000 504.IOI 504.IOI 504.IOI 
ltlllr ra utlri1ls ........ 57.314 15.,il IS.9n 15.'n IS.,n 
ltilitin ............. 2.24, 2.m 2.m 2.m 2.m . ., ............... 14.6 20.743 20.743 20.743 20.743 
Lais, .ilir1d • • • • • • • • • • • 8'.0IO 53.000 53.IOO 53.IOO 53.IOI 

llfiir, uiata.:1 ........ '·· 14.IOO 14.IOI 14.IOO 14.llO 
S,.n .............. o.ooo l.GW 2'.IOI 2'.llO 2'.IOI 
rxt•y lftrllun ......... 27.000 41.000 41.000 41.ooe 41.IOI 

---------- -------
r1et•y cests ........... 532.0l, nt.417 747.417 141.411 747.417 
Meiaistrltift nwl!IMs •••••• 88.IOO 88.000 88.000 88.IGO 88.000 
tuir. cests, Yin 1141 .ilistriHti• 48.000 n.ooo n.ooo n.oco n.eoo 
lir1<t cests, YIM iad .ilistriHti• 0.000 0.000 1.000 0.000 O.IOI 
ll,r1<i1ti•·· ••••••••••• 255.llO 255.llO 255.• 243.117 17.25, 
fi.-:i1l cests .......... 0.000 0.000 0.000 0.000 0.000 

------- --------- --------
Tot1l IJrGHcti• cests • • • • • • • m.m 1137.3'7 11,3.3'7 1150.'74 •24.m 

===== ========== ===== ======== -
tests ,er •it ( si.,11 1Jro6Kt > . 0.000 0.000 0.000 0.000 0.000 
If it f~eip, 1 •••••••••• 70.118 73.14'4 73.744 74.558 ~.m 

Df it nriale, 1 • • • • • • • • • • · O.IOO o.ooo O.OOG o.ooo 0.000 
Tolll 1-.. •••••••••••• '4.000 '1.000 '1.000 ,1.000 51.000 

-----------------------------
llUlllllE Pl.AllT, PROCESSl16 111.Y. 450 llT - .nu 5, 1'89 
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Wf.Ol'IJ:~of 
-------------------- tml'• z.1 - un-. Etmmlt' IE¥. aunmm; w1a ---

· Tot•l Producti·on Costs i• l'lal5M91.S. RUIS 

, ................. . 
I 1f ... c•«ih (si .. lt ,,-.u. 
a. uteri&l l ••••••••••• 
a1ier r• uteriils •••••••• 
ailitiK ••••••••••••• 
EMF'IJ ••••••••••••••• 
, ..... , •irtd ••••••••••• 
llf&ir r ui1tl!INICI! • • • • • _. • • 

S,.K • • • • • • • • • • • • • • 
hct•r e1tr11NH • • • ~ • • • • • 

r«t•r cests ••••••••••• 
IMilistntift ftll' ... S •••• • • 

[Mir. costs, silK _. •istrilllti• 
lirtd costs, silK _. •istrilllti11 
leprtci&ti• • • • • • • • ••• • • 
r-iUICi&I cests • • • • • • • ••• 

T1hl ,rCIHcti• costs • • • • ••• 

Clsts ,er •it ( si .. lt ,,.-t > • 
If it farti .. , 1 • • • • • • • ••• 
GI it nri&blt,l •••••••••• 
Tot&l lPolar • • • • • • • • • • • • 

ZGOZ-' 

o.ooe 
SM.too 
115.m 
z.m 

20.70 
53.000 
14.100 
Z'-IOI 
41.000 

747.417 
a.ooo 
n.IOI 
0.000. 
UGI 
0.000 

0.000 
74.'4& 

O.OOI 
61.000 

-------------------~------~--------------------------------------------
Wll(llE PUllT, PROCESSlllG OIU. 450 llT --- JIU 5, l98C1 



.f,Ol't~'of 
--------------------- mFM 2.1 -

0

1ATllllAL EemmlC' IE¥. AllTDITY, llAlll.A --

C•shflow T•bles. construction i1 11llUSAD 1.5. RUIS 

'"' ......... l!W.I 1'10.2 1,,1.1 1,,1.2 

Tot1l c1sll ilflOI .. 0.000 !46.515 m.m aoo.m 

Fi1111eill reso1rces • O.OOI !46.515 m.m aoo.m 
Siles, •t of t11 • • 0.000 ..... 0.000 0.000 

Tot II c1sll oat flw • • 0.000 ,...511 m.m aoo.m 

T1tll Hwls .... 0.000 '46.511 m.m aoo.m 
o,er1ti1t costs ••• 0.000 0.000 0.000 O.OOI 
Cost of filMCf • • • 0.000 0.000 0.000 0.000 
ltp1Jl!lt ..... 0.000 0.000 0.000 0.000 
Cor'41'1te tn 0.000 0.000 0.000 0.000 
liwi.-s ••id ... 0.000 0.000 0.000 0.000 

s.r,115 ( dtfici t ) . 0.000 0.004 -0.004 0.000. 
C..l1te4 usll hl111Ct 0.000 0.004 -0.000 -o.ooo 

l1flov, loc1l .... 0.000 ?30.155 226.455 22'.4541 
llltflov, loc1l •••• 0.000 330.155 22fi.460 22'.460 
Surplas ( deficit l . 0.000 0.000 -0.005 -0.001 
l1flov, forei.91! ... 0.000 . '15.760 547.340 574.340 
Gut flov, forti9D. • • • 0.000 '15.756 547.m 574.339 
Sarpl1s ( deficit l . 0.000 0.004 0.001 0.001 

let usllflov • • ••• o.ooo -946.Sll -m.m -aoo.m 
Cuuhted aet usllflov 0.000 -'46.Sll -1720.310 -2S21.104J 

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

GUlllllE PLAllT, P20CESSll6 Olll.Y, 450 llT --- 11Jl.Y S, !,89 
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• © f,OM!~~ 
COll"AI 2.1 - IATlmM. EClllllllC l DEV. Mlllllllll, llMllLA --

Cash flow t•bles. production ie 110JSAlll U.S. RUIS 

YHr •••••• lM lm 1"4 l!CJS lWi 1,.7 

Tebl c15' iafl111 '36.135 1354.SJIJ 1340.917 1338.750 1338.750 1338.750 
------

FiHKiil FKelrCts • 44.335 15.719 2.1'7 0.000 0.000 0.000 
S.ln, 11t ef tu • • m.500 1338.750 1338.750 1338. 7'i0 1338.750 1338.750 

Tet.i cm e.t fl• .• 171.171 94UOl 947.487 107.487 907.487 934.487 
------ ----- ------ -----

'.t.i IHHS .... 203.1511 '5.114 40.000 0.000 0.000 27.000 
lltMr•ti19 cests ••• '68.019 881.487 907.487• 907.487 907.487 907.487 
test ef fiu11ct • • • 0.000 0.000 0.000 0.000 0.000 0.000 
h,•yeat 0.000 0.000 0.000 11.000 0.000 0.000 
Cor,.,•tt tu 0.000 0.000 0.000 0.000 0.000 0.000 
liriHHs P•i• ... 0.000 0.000 0.000 0.000 0.000 • 0.000 

S.pltlS ( •@fici t ) . '5.'57 407.938 3CJ3.430 431.263 431.2'3 404.2'3 
C...l1ttd cuh .. hnct ,5.'57 473.595 8'7.025 12<J8. 288 l72CJ.S51 2133.814 

lnf1111, local .... 9.353 • 2.448 0.000 0.000 0.000 0.000 
Out flov, loc•I • • • • 259.471 23').36' 22CJ.&t& 22CJ.&1' 22CJ.&l& 22CJ.~I& 

Sarplts ( •tfici~ ~ . -250.118 -Zl&.918 -22CJ.&l& -22CJ.&1' -22CJ.&l& -22CJ.'1& 
l11fl111, forti91 ... 927.482 1352.091 • 1340.917 1338.750 1338.750 1338.750 
Dutflov, forti9n ••• &11.707 707.235 717.871 &77.871 &11.871 704.871 
S.rplu ( •tticit ) . 315.175 &44.85& &23.04& &&o.87CJ 6'0.87CJ &33.879 

lltt usllflov • • • • • '5.&57 407.938 3CJ3.430 431.263 431.2'3 404.2'3 
Ca•l•ttd 11tt usllflov -2455.452 -2047.513 -1&54.084 -1222.821 -791.558 -387.295 

-------------------------------------------------------------------------------------------------------
llUllUllE PLAllT, PROCESSlll6 ONLY, 450 Ill --- JIU 5, l'JB! 
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Wf.oMJ.:~! 
------------·---·------ Clllf'AI 2.l - IATICllAL Etllllllt l IEV. MITlllltn, llAIU--

Cashflow tables. production i• T'8ISMIU.S. ICl.lAIS 

Tar ••••••••• l'ftll "" 2000 2001 2002 2003 

T1t1l usll i1fl• .. 1338.750 1338.750 1338.750 1338.750 1338.750 1338.750 
----- ------- ------ ------

fiaacill f!SIUCtS • o.100 o.ooo 0.000 0.000 0.000 0.000 
S.ltS, lltt of t11 • • 1338.750 1338.750 1338,750 1338.750 1338.750 1338.750 

Totll usll oatfl1111 •• 4107.487 4107.487 ~4.487 4107.-'87 5;" .487 ~.487 

----- - ---------- ------------ -----------
Tetll 1ssets .... 0.000 0.000 27.000 0.000 0.000 27.000 
tlper1ti" costs ••• 4107.487 4107.487 4107.487 4107.487 4107.487 4107.487 
Cost of fiaace ••• 0.000 0.000 0.000 0.000 0.000 0.000 
l!f IJml!llt 0.000 0.000 0.000 0.000 0.000 0.000 
torpor 1te t11 0.000 0.000 0.000 0.000 0.000 0.000 
Ii Yidl!lds p1id ... 0.000 0.000 0.000 0.000 0.000 0.000 

S.pl15 < deficit J . 431.2'3 431.2'3 404.2'3 431.2'3 431.263 404.2'3 
Cual1ted usll •1l111ce 2565.077 2"6.340 3400.'°4 31131.8'7 4263.130 4667.:m 

lnfl111, loul .... 0.000 0.000 0.000 0.000 0.000 0.000 
Oat fl111, loul • • • • 224.1.'1, m.m . m.m 2?UIL 22U1" m.Lli; 
Surpl1s ( deficit I -22'J.'1' -22CJ.'1' -22CJ.,1' -22'J.'1L -m·'"' -22CJ.LI' 
taflov, forei9n • • • 1338.750 1338.750 1338.750 t338.750 1338.750 1338.750 
Oat fl111, foni9n • • • ,77.871 r.77.871 704.87! 677.871 ,77.871 704.871 
Surplus ( defid t J 5'0.874) "0.87' '33.874) 5'0.874J "0.874J ,33.874) 

llft ushfl111 ••••• 431.2'3 431.2'3 404.263 431.2'3 431.263 404.263 
CU1ul1ted aet ushflov 43.'Jl>'J 475.232 874J.44J5 tJtO. 758 l742.i121 214'.284 

---------------------~-----------------------------------------------------------------------------------------------------
DUl•lllE PUllT, l'ROCESS 1116 Olll. Y, 450 KT --- JIU 5, l m 
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Wf.Ol'l!~of 
COll'M! 2.1 - IATIM. Eam!IC l IEV. Mmlllln, llMll.A -

Cashflo"' tables. production i• TIDISMI U.S. ICl.LARS 

IHr ••••••••• lftl 1m 2000 2001 2002 2003 

Tot1I <15' iaflov .. 1338.750 1338.750 1338.750 1338.750 1338.750 1'338.750 

---- ------ -------- ------- -
ri•mcill rnoarcts • 0.000 0.000 0.000 0.000 0.000 0.000 
Siles, Ht of tu •• 1338.750 1338.750 1338,750 1338.750 1338.750 1338.750 

Tot1l c15' •tflow • • 4107.487 4107.487 ,34.487 4107.487 4107.487 m.487 
----- -------- --------- ------

Tthl ISsftS .... 0.000 0.000 27.000 0.000 0.000 27.000 
llper1ti11 costs ••• .07.487 4107.487 4107.487 4107.487 4107.487 4107.481 
Cost of fillllKt •• -• t.000 0.000 o.oco 0.000 0.000 O.OCIO 
ll!p1,..t ..... 0.000 0.000 G.000 0.000 0.000 0.000 
eor,...1tl! tu ... 0.000 0.000 0.000 0.000 0.000 0.000 
Ii ridl!lds Jlid ... 0.000 0.000 0.000 0.000 0.000 0.000 

S.plllS ( dl!ficit ) . 431.2'3 431.2'3 404.2'3 431.2'3 431.2'3 404.2'3 
C.al1tl!il ush •1l111u 2565.077 mG.m 3400.604 3831.8'7 42'3.130 4667.3'.13 

Inflow, loul .... 0.000 0.000 0.000 0.000 0.000 0.000 
Outflow, loul •••• 22'-516 m.616 · 22'.m 22'-516 22U1' m.m 
SurpllS < lltfici t > . -2241.616 -22'.61' -22'.616 -m.m -22'.'16 -22'.616 
llflov, forei9n ... 1338.750 1338.750 1338.750 1338.750 1338.750 1338.750 
Outflow, fortitJn ••• 677.871 677.871 704.871 '77.871 677.871 704.871 
Sur•l•s ( d~ficit > . 660.U. 660.m 633.87, 660.87, 660.87' 633.879 

lll!t mhflov •••••. 431.2'3 431.2'3 404.263 431.263 431.2'3 404.2'3 
Clllal1ted aet uslt fl ov 43.'69 475.232 879.495 1310.758 1742.021 2146.284 
---------~----- --------------------------------------------------

GUllllME PlAllT, PROC£SSll16 lllU, 450 Ill -- JILT 5, 1989 
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~~0'1,~~o~ 
Cllf'AR 2.1 - IATllllAL EtlmlC i IEV. AUTlll!In, llAllLA -

Cit.shflow tables. production i• nilusAllU.S. llUARS 

'"' ......... 2004 2005 20K 

Tot•I cu• i•flov .. 1338.750 1338.750 1338.750 

ri111<i•I JHOllfCft • 0.000 0.000 0.000 
~In, Ht of tu • • 1338.750 1338.750 1338.750 

Tot•I cm •tflov •• !07.487 !07.487 !07.487 
----- ----- --------

Tot.I uwts .... 0.000 0.000 0.000 
llpenti19 costs • • • !07.48'1 !07.487 !07.487 
Cost Of fiHtlCf • • • 0.000 0.000 0.000 

hp•yuat 0.000 0.000 0.000 
Corpontf tu 0.000 0.000 0.000 

liri•HdS P•id ... 0.000 0.000 0.000 

StrpllS ( •fficit ) . 431.263 431.2'3 431.2fi3 
C-bted ush hluu · 5"11.'5& ~2'.'1' 5'61.183 

lnflov, toed · • • •• 0.000 0.000 0.000 
llllt flov, loc•I .• • • • 22'.616 m.m 22i.m 
S.rpl1s ( •fficit > . -m.m -m.61' -m.m 
l1flov, foni9n ... 1338.750 1338.750 1338.150 
Dut flov, foreit• • • • '77.871 '77.811 ,77.871 
SurplH ( •eficit ) . '60.87' '60.87' '60.87' 

!let ush fl ov • • • • • 431.2'3 431.2fi3 431.2'3 
Cuoul•ted' Ht usllflov 2577.547 3008.810 3440.073 

llUllllllE Pl.MIT, l'ROCESSUI& Olll Y, .450 llT --- JIU 5, l!lrJ 
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~COMFAlf ~2.t UNIOO 

-------------------- CWM 2.1 - IATla&Al. EtmllC • IEV. MmlllJn, UllLA -

C•shflow Discounting: 

•> ~itr ,.i4 wrsn ltt i1e• flw: 
let llfts8t YllR •••••• ••...... -1220.13 il 15.00 1 
11t1rul btt of bt111 nmn . . 4.10 1 

., l!t. llorU ftl'SIS lft CS rftua: 
let llfts8l YI(• ••• ••••••••••• -300.5' It 15.00 1 
l1ttr1Yl btt •f ht•• (111(2) •• 12.52 1 

d l1ter1il btt of lttuo • tolll i1wst .. t: 
let 11rts8t nl• • • •• • •• • • • • •• • -JI0.5' 1t 15.00 1 
l1t1rul btt ef ht•• ( llR ) •• 12.52 1 

ltt llart• : E .. itr 1111i4 11les rftfr'ftS 

Gll:llllE PLAIT. P'ROCESSllli RY, 450 IT - JlU 5. 1'8'1 
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.f.o!!:~E 
-------------------- Clll'AI 2.1 - MTlmul ~It' e. llllDm. IMIU -

Net Inco•e State•ent ia .._U.S. 11.UM!S 

'~ ................. 1m 1m 1"4 lfti -~ 
Tetll 11ln, iacl. win tu • • • • • m.500 1338. 750 1338.750 1331.nt 1331.750 

Ltss: YiriMle cests. iacl. ules t11. 0.000 0.000 0.000 ..... O.IOI 

------ ---------- --------
liriale ur•i• ........... m.soo 1338.750 1338.750 1338.750 1331.151 

As 1 •• tetll silts ......... 1~.100 100.000 100.000 180.IOO 100.IOI 

........ iale cests, iacl. •reciiti• m.m 113:' .JU 11'3.3'7 ll'3.3'7 11'3.3'7 

------ -------------- --------
O.entieul ur,i11 • • • • • • • • • .• -Jt.:m 201.3&3 175.383 175.JIJ 175.383 

As 1 •• tetil silts ......... -J.5111 IS.00 IJ.101 ll.101 IJ.101 

test •f fiuace ........... O.OOG 0.000 0.000 0.000 0.000 

--------- -------------- ------------- ------- -------
&ress Jr•fi t ; • • • • • • • • • • • • -Jl.JiCJ 201.383 175.JIJ 175.313 175.383 

llllVllKes •••••••••••••• 0.000 0.000 O.* 1.000 ..... 
Tuale ,,.m . . . . . . . . . . . . -31.:m. 2tl.J83 175.J83 175.383 175.383 

TH ................. 0.000 0.000 0.000 0.000 0.000 

---------- ----------- --------- --------
let Jr•fit •••••••••••••• ..:31.:m 201.383 175.J83 175.383 175.J83 

liri.-s ••ill •••••••••••• 0.000 0.000 0.000 ..... 0.000 

WistriMttll ,,.m ......... -31.:m 201.383 175.383 175.383 175.383 

Acc ... litell lllillistrilllted Jrofit ••• -J1.:m 1'CJ. CJll4 345.3'7 520.750 H6.133 

&ress •rofit, 1 ef tot.I silts •••• -3.518 15.043 13.101 13.101 13.101 

•t ,,,fit, 1 of totil silts •••• -3.518 15.043 13.101 13. IOI 13.101 

IOE, let 11rofit. 1 of eovitJ ••• : • -!.245 1. CJ88 
'· CJ57 

6.CJ57 
'· CJ57 

IOI, let ,rofit+i11terest, 1 of iaYHt. -l.li2 1.3n ,.338 6.338 6.338 

----- -------------------------------------------------------------------------------------------------------
GUillllC PlAIT. PROCESSill6 iaT. 450 Ill - J\U 5. 111n 
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~COMFIHf ~2-1 UHIOO 

--------------------cmna 2.1 - llAHlllAL EamllC • 11£¥. Mmaun. UllLA--

Net Incoae Stateaent i• f8ISAID U.S. Ill.LARS 

flrif • • • • • • • • • • • • • • • • • 

letll Silts, i1d. nits tu • • • • • 
Lns: ••i•le ems, i•c:l. Silts tu. 

t•i•le urti• • • • • • • • • • • • 
k 1 If tetll SllH • • • , • , • . , 

If« 1tieul urti• • • • • • • • • • • 
k .1 If t1t1l SllH • • • •• , ••• 

test •f fillllKt • • • • • • • • • • • 

Srns Jrefi t • . • • • • • • • • • • • • 
AlllllNIKH •••••••• , • , ••• 
lHale •refit ••••••••••.• 
111 ••••••••••••••••• 

let ,,,fit •••••••••••••• 

liri'841s ,ai4 •••••••••••• 
Wistrikted ,,.m ........ . 
Acc-l1te4 .iistrikted ,rofit ••• 

&rns ,rofit, 1 of t1t1I SllH •••• 
•t ,rofit, 1 of tot.I salH •••• 
IDE, •t ''°fit, 1 of eqei ty • • • • • 
ICI, llet ,rofit·+i1ltrHt, 1 of inKt. 

1,,7 

1338.750 
0.000 

19'111 

133ll. 75(1 

0.000 
---- ----------

1338.750 
100.000 

11'3.3117 

1338.750 
100.000 

ll'3.3'7 

1m 

1338.750 
0.000 

1338.750 
100.000 

ll'3.3'7 

2000 

1338.750 
0.000 

1338.750 
100.000 

--------------- ----~------- ---------------
US.383 
13.101 

0.000 

US.383 
13.101 

0.000 

m.383 
13.101 

O.OQO 0.000 

2001 

13:.8. 750 
0.000 

1338.751 
100.000 

414.004 
30.4125 

0.000 

--------------- --------------- --------------- --------------- --------------
US.383 

0.000 
17S.JllJ 

0.000 

US.3113 
0.000 

m.m 
~.OtiG 

175.383 
Cl.000 

175.383 
0.1)(11) 

188.076 
0.000 

~88.076 

0.000 

414.004 
0.000 

414.0:M 
0.000 

------------- --------------- -------------- -------------- -----------
m.383 

0.000 
175.383 
171.516 

13.101 
13.101 
6. 4JS7 
6.277 

l7S.383 

13.101 
13.101 
6.'57 
6.277 

m.383 

0.000 
175.383 

1222.282 

13.101 
13.101 
6.4JS7 
6.277 

0.000 
188.076 

1410.359 

14.049 
14.049 
7.460 
6.6'7 

414.004 

0.000 
414.004 

1814.363 

30.4125 
- 30.925 

16.422 
14.675 

-----------------------------------------------------------------------------------------------------
OUIMlllE PlAllT. PROl'.£SSlllG 1111..Y, 450 Ill --- Jll. Y S, lCJBCJ 
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f,Olt~~o~ 
----------------------- CGll'AI 2.1 - llATlllW.. ECm!lC l IEV. AllDin, IMlllU--

Net Inco•e Stateaent i• ~U.S. Dll.URS 

Tur ••••••••••••••••• 2002 20G3 2004 2005 20l6 

Tet1l sdH, iacl. ulH t11 • • • • • 1338.750 1338.750 1338.750 1338.750 1338.750 
lfts: nrililll! costs, iacl. YIH tu. 0.000 0.000 t.000 0.000 0.000 

------- ---------
•iri•ll! Mftil ....... · .... 1338.750 1338.750 1338.750 1338.750 1338.150 
As 1 1f tohl Yll!S· ......... 100.000 100.0llO 100.000 100.000 100.000. 

.. -.iri•ll! costs, i1CI. •rl!Ci1ti• 91,.487 91,.487 1Jl'.487 1)1'.487 91,.487 
-------- -------- ------------- ------------

G,l!r1ti•1I urti• • • • • • • • • • • 422.2'3 422.2'3 422.2'3 422.2'3 422.2'3 
As 1 1f tobl sil l!S ......... 31.542 31.542 31.542 31.542 31.542 

Cost of fi1HCI! ........... 0.000 0.000 0.000 0.000 0.000 
-------- ---------- ---------- ----------- _.._ ____ 

&ross 111rofit ••••••••••••• 422.2'3 422.2'3 422.2'3 422.2'3 422.2'3 
AllOVHCl!S • • • • • • • • • • • • • • o.oco 0.000 0.000 0.000 0.000 
Tnibll! •rofit •••••••••••• 422.2'3 422.263 422.2'3 422.2'3 422.2'3 
r.1 .................. 0.000 0.000 0.000 0.000 0.000 

--------- --------------- -------------- ----------- ---------
ll!t •rofi t •••••••••••••• 4i2.1W 422.tii3 4i'2.7'3 427.2'3 422.2'3 

li•idl!Hs 1111id •••••••• : ••• 0.000 G.000 0.000 0.000 0.000 
U.distrinted 111rofit •••••.•••• 422.163 472.763 •'12.26~ 422.2'3 422.2'3 
Acc-lited ndistribated 111rofit ••• 224U2S 2'68.8'" JOIJl.152 . 3513.415 3'35.678 

Gross 111rofit, 1 of tohl salK •••• 31.542 ll.542 ~1.542 31.541 31.542 
llet 111rofit, 1 of tohl silH • • • • 31.542 31.542 31.542 31.542 31.542 
ROE, •t profit, 1 of l!lluih ••••• 16.741) 16.749 16.749 lt.749 1,.m 
ROI, •t 111rofit+~11terl!Sl, 1 of iDYfst. 14.96& 14.626 14.826 14.826 14.825 

llUllUNE PLAIT, PROCESSIKG 111..Y, 450 Ill --- JIU S, 1'89 
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------------------ ------------- COlf'AR 2.1 - llATllllAL. EamllC l IEV. AUlDin, llAIILA --

111!11~ PLAIT, PROCESSll6 OM..Y. S40 Ill 
JIU 5, 1'89 
51 COllTEIT, II/ SER ADJUSTllEllT 

l's YHr(s} of constru(tioa, 15 YHrs of aroduction 
currency cooversian rat.s: 

forei .. currfflCY 1 unit = 1.2000 units accOU11ti1e c1rrfllCY 
local currflKy l unit = 1.0000 units accouatiR411 currency 

accounting currencv: TllOUSMll U.S. ~ :_t."5 

SQPRC 4 

---------------
Total initial invest•ent durinacoastr1cti01111haw 

fi ud aswts: 
currfllt ilSHts: 
tohl usets: 

2868.66 
0.00 

28611.GO 

72.'81 1 forei• 
0.000 1 foreit• 

72.'81 1 forei1111 

------------------------------
Source of funds durina construction pllilw 

.!lluity l orillts: 
forei9n lOilns : 

2868.GO 
0.00 
0.00 

2%8.fiO 

72.'81 1 foreign 

local loills : 
total funds : 72.'81 1 forei.,a 

--------------~---------------------------'--------------------------------------------------------------------------------
Cash flow from operations 

YHr: 1 6 CJ 

oPeratina costs: 7fil.5B 1223.79 l223. 7CJ 
depreciation 11H.M 2'1.M 279.20 
inte1est 1).00 0.1)(1 0.00 
---------------- ------------ ------------ ------------
production costs 1053.46 1515.67 
thereof foreiqn 73. 7CJ I 78.19 I 
tohl ules 1071.0li 1927.BO 

qross income 17.54 412.13 
net income 17.54 412.13 
ush balance 128.lil 629.26 
nP.t cashflov 128.81 629.26 

Net Present Value at: 15.00 1 = 304.50 
Internal R•te of Return: 17.00 I 
Return OP eauityl: 10.18 1 
Return on equity2: 17.00 1 

Index of Schedules produ(ed by CO"FAP 

Total initi•I invest1ent 
Total invest1ent durinq production 
Total production costs 
Uorkinq Cip1til reouire1ents 

Cishflov Tables 
Projected Bal~nce 
NPt I nrnme S~itHent 
Source of finance 

A 58 

1502. 98 
78.85 I 

14i27.BO 

424.82 
424.82 
671.61 
671.61 
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------------~---------------------- COllF'AR 2.1 - llATilllAl ECllllllC ' DEV. AUTHORITY, llAllLA -----

lllillllE Pt.Ali, PROCESS II& lllU, 540 Ill 
Jll.Y 5, I'm 
51 ClilTEIT, 1/0 CORP. IllCOllE TAJ 

1% yHdsJ of constructiOA, 15 YHrs of production 
nrre11cy coawersion rat!S: 

foreitn currtt1cy l unit = l.0000 units iccountiDQ curreacy 
local currency l unit = 1.0000 units accounti•a currency 

accOUllting carrl!ll<Y: THllJSAID U.S. DOLLJPS 

SQPRC 3 

------------------------------------------------------------------------------- =---------
Tot al initial investment durinaconstruction,hase 

hied assets: 
curreet nsets: 
tohl assets: 

2521. ll 
0.00 

2521. ll 

68.915 1 forei•• 
0.000 1 f.>rei•n 

68.915 1 foreig• 

------------------------------------------------------------------------------------
Source of funds durina con'itruction phase 

~itr • •r•nts: 
forei9n lOins : 

2521. ll 
0.00 
0.00 

2521. ll 

68.916 I foreian 

local loins : 
tohl funds : 

----------~~-------------------------------------------------------------------------------------------------------------------
Cash flow from operations 

Yen: I 6 9 
o0eritinq costs: 6~&.02 1062.28 i062.28 
depreciition 255.88 255.88 243.19 
interest 0.00 o.oo 0.00 
---------------- ------------ ------------ ------------
production costs 923.90 1318.16 1305.47 
therec..f foreiqn 70.12 1 74.92 I 75.65 1 
tot.I siies 892.50 1606.50 1606.50 

9ross inco1e -31.40 288.34 301.03 
net incou -31.40 288.34 301.03 
cish ~•l•nce 65.66 480.88 517.22 
net cishflov 65.66 480.88 517.22 

Net Present Vilue at: 15.0" : ; -65.78 
Intern•! Rite of Return: 14.50 I 
Return on eauitv!: 7.49 I 
Return on equitv2: 14.50 1 

---------------------------------------------------------------- .. -------------------------------------------------------------------
Index of Schedules Drodu(ed by COftf'AI! 

Tot•! 1niti•I 1nvest1ent 
Toti! invest1ent durina production 
Tot•! production costs 
Uorkinq C•Ditil require1ents 

Cashflov hbles 
Projected Bilince 
Net inco1e statP1ent 
Source of finince 
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Total Initial Invest•ent i• T1DISMI U.S. RUIS 

, .................. l~.l l~.2 .,, ... .,, •• 2 

rilM inest .. t costs 
UM, Sitt •repr1ti•, -..1.,_.t 0.000 i:.nel 0.000 0.000 
llilfi1115 114 ciril wrts ••••• ... .. 73.140 '5.015 '5.115 
Aulili•J _. strrict f•ililits . 0.000 375.408 m.ti" 333.5" 
IK•,.•t~ filft nStts • · •••• 0.000 2'.700 2'.400 53.COO 
Pl•t-uc:•i11trJ m "9i,_.t ••• 1.000 m.273 348.581 34U88 

------- ------
Tet1l fi11d i11ft'St111t costs •••• 0.000 ~.511 m.1,, 800.m 

Pr1-,r.-Cti01 u11itll 11Pf114it1rts. 0.000 0.000 0.000 0.000 
•t .. tilt c~ihl ...... . . 0.000 0.000 0.000 1.100 

----------- ----------- ---------- --------· 
Tet1l i1iti1l i1ft'St111t costs •• . o.ooo- 946.511 113.14¥j 800.7'9 

Of it farti .. , i1 1 0.000 ,5.055 70.734 71.721 
------------------------------------------------------------

GUllUiE PLAIT. PROCESSlllJ llU. 540 Ill --- Jll.Y 5, 1'8, 
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.f.OMu~~r 
---- Clll'AI 2.1 - IATHIUI. u.a1c ' 19. amam. ••LA -

Total Production Costs i• TIDJSAll U.S. 1111.LARS 

YNr •• . . . . . . . . . .. . . . 1m tm (1)94-9' 14"M' 20IO 

l •f ... c.-ity <si19l1 Jr.-CU. o.100 0.000 0.000 0.000 I.IOI 

la .. teri1l I ••• . . . . . .. . J"J'.000 504.000 504.100 '84.MO '84.IOI 

ltlltr rw .. teri1ls - 57.314 85.,72 85.m 103.16' 103.1'6 . . . .. .. . 
ltilitits . . . . . . . . . . .. . 2.24, 2.m 2.m 3.0K 3.08' 

(Mr" ••••••••• . . . . . . 14.455 20.743 20.743 ·24.m 2c.m 

l.IMlr, •ired ••••• . . . . . . 8'.000 53.000 53.000 '1.000 'l.IOI 

.,Ur, .. i~tllllllCt . . . . . . . . uoo 14.000 14.000 17.000 11.100 

S,.ts . . . . . . . . . . . ... 0.000 0.000 2'.000 26.000 25.IOI 

FKl•J owrllNH . . . . . . . . . 21.000 . 41.000 41.000 .,.000 4'.000 

- ------------ -------------
FKtory costs . . . . . . . . . . . m.m 721.487 747.487 &.1111 &.281 

W.i1istr1ti11 Oltfllelff ••• . . . a.ooo BB.000 88.004 88.000 BB.GOO 
1114ir. costs, Hits llll •istrikti• 48.000 72.000 72.000 K.000 8'.000 

lirect costs, Slits 1114 •istri•1ti• 1.000 0.000 0.000 0.000 o.100 

lefrtciltioa • . . . . . . . . . . . 255.IBO 255.880 255.880 255.BBC 243.187 

H1•i1I costs . . . . .. . . . . . 0.000 0.000 0.000 0.000 G.100 

------- ------------- ------------ -----
let1I Jre•ctioa costs •• . . .. . m.m 1137.3'7 lltl.367 1318.1'1 1305.4" 

----------- =====-========= ============== ========--= ==== ----------
Costs '" •it ( si~lt •r°'9ct I . 0.000 . 0.000 0.000 0.000 0.000 

If it brtip, 1 •• . . . . . . . . 70.118 73.1(4 73.744 74.1)20 75.'41J 

Of it nriale,1 •• . . ..... . 0.000 0.000 0.000 0.000 0.000 

Tet11 lawr. . . . . . . .... . 1)4.000 ,I.GOO '1.000 '9.000 51).000 

-------------------------------------------------------------------------------------------
llUlllllE PUliT. PROCESSlll6 llLY. 540 Ill -- J1l.Y 5, IW.I 
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Wf.o"'ut~E 
---....----------------- all'M 2.l - IATIM. EmDllC. IO. aunmm, IAlllA -

Tot•l Production Costs i1 T1lllUSAll U.S. Ill.UIS 

YHI • • • • •••• -. • • • • • • • 2001 2002- Ii . 

1 1f -· c••ih (si•lt •rlHctl. 0.000 0.000 
'- uteri•l I ••••••••••• 504.800 '°4.IOO 
am r• uteri•ls ........ 113.1" 103.1" 
ailities ......... 3.086 3.& 
(.," ............... 24.2~ 24.21' 
~. llirect ••••••••••• '1.000 , ... 00 

.,Ur. ui1ttu1C1 ........ 17.000 n.ooo 
S,.ts .............. 2'.000 2'.000 

F•t•r lftrllHlls ......... 49.000 4'-000 

-----------
r.ctorr costs ........... &.281 888.281 

Mei1istritift ntrlltHs •••••• •.ooo •.ooo 
llllir. cests, Ylts _.. llistrikti• 8'.000 8'.000 
lired cests, YIK _.. llistrikti• 0.000 0.000 
ltfreci•ti• • • • • • • • • • • • • 17.259 IJ.000 
Fiuaci•l cests .......... 0.000 0.000 

-----
T1til ,r.-:ti• costs • • • • • • ~ 1079.540 1071.281 

------- --------------------
Clsts '" •it ( si .. le ,,.-t ) . 0.000 0.000 

If it forei.-, l •••••••••• ,,.401 ,,.21CJ 
If it waiale,l •••••••••• 0.000 0.000 
Tot1l l.t:t!llf • • • • • • • • • • • • H.000 '9.000 
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COll"All 2.1 - IATlllW. EamllC' IEV. MJTlllRm, llAlllLA --

Cashflow Tables, constru~tion i• TIDISMIU.S. ICl.LARS 

YNr ••••••••• 

Totil UY iafl111 •• 

Fiaiisci•! reSOlll'cfS • 
Silts, aet of t11 • • 

Tobi uY •tflov •• 

T1til assets • • • • 
O,enti-. costs • • • 
Cost Of fiHDCe • • • 
ltp1yH11t 
eor,.,ite tu 
Diwidnds ••id ••• 

s.r,1us ( deficit > • 
C.Ulittd ciY bhnet 

lnflov, laul •••• 
Outflov, loul •••• 
Surplus ( deficit l • 
lallov, forei,a • • • 
Dutflov, foreit• • • • 
Slrpl1s ( deficit l • 

lltt usllflov ••••• 
Cuulittd net usllflov 

1'10.1 

0.000 

0.000 
0.000 

O.OIJO 

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 

0.000 
0.000 

1'10.2 ICJ4Jt. t 1'11.2 

'46.SIS m.m aoo.m 
----- ------ --------

'46.SIS 
0.000 

"6.511 

'46.Sll 
0.000 
0.000 
0.000 
o.ooo 
0.000 

0.004 
0.004 

330.755 
J30.7SS 

0.000 
'1S.7'0 
'IS.JS& 

0.00( 

-IJ4'.Sll 
-'J4,.Sll 

m.11JS 
0.000 

773.7'1 

m.m 
o.oou 
0.000 
0.000 
0.000 
0.000 

-0.004 
-0.000 

22,,455 
22'.4'8 
-o.oos 

547.340 
547.33'.I 

0.001 

-773.7IJIJ 
-1720.310 

800.m 
0.000 

aoo.m 

800.m 
O.OOo 
0. 
o.ow 
0.000 
0.000 

0.000 
-0.000 

22fi.4SIJ 
22'.4'8 
-0.001 

574.340 
574.331J 

0.001 

-eoo.m 
· -2521. I°' 

--------------------------------------------------------------------- - - -·--------------------------------------------------
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~f,Or[~~o~ 
------ talrAR 2. l - llATlllW.. ECllUllC ' IEV. AUTlllRITl, llAlllLA ---

Cashflow tab"les. production in TIDISAllDU.S. DlllARS 

Ye.r ••••••••• 

Tot1l usll i1flw •• 

riUKiil fftCMll'CtS • 

S.les, Ht of tu • • 

T 1t1l <isll •t fl ov • • 

Tot.I usets • • • • 
llptrati., CIKh ••• 

Cost Of fiNIK! • • • 
h,iyoHt 
Cor,or it! tu 
liYillends p~id ••• 

SurplllS ( ll!fici t l • 
Calalit!d Cish ~il.i!C! 

laflou, lout •••• 
Out flov, locil • • • • 
Sarpl1s ( d!ficit I • 
laflov, foHit• • • • 
Outflow, for!ign • • • 
Sarpl1s ( ll!fid t I • 

let usllflov • • • • • 
C..Ulit!d l!t ushflov 

1992 

44.33S 
892.500 

871.178 

203.158 
Wl.019 

0.000 
0.000 
0.000 
0.000 

'5.657 
65.'57 

9.353 
259.471 

-250.118 
927.482 

·611.707 
315.m 

65.'57 
-2455.452 

1993 

1354.5JCJ 1340.917 
----- -----------

15.789 
1338.750 

946.501 

'5.114 
881.487 

0.000 
0.000 
11.000 
0.000 

407.938 
473.595 

2.448 
239.3" 

-236.918 
1352.091 
707.235 
644.856 

407.938 
-2047.513 

2.167 
1338.750 

947.487 

40.000 
907.487 

0.000 
0.000 
0.000 
0.000 

393.430 
1167.025 

0.000 
22CJ.lil6 

-229.616 
1340.917 
717.871 
623.046 

393.430 
-1654.084 

1995 • 

1338.750 

G.000 
1338.750 

907.487 

0.000 
CJ07.487 

0.000 
0.000 
0.000 
0.000 

01.763 
1298. 2il8 

0.000 
m.m 

-229.611i 
1338. 7SO 
j77.871 
660.879 

431.263 
-1222.821 

1"6 

1338.750 
-----~ 

0.000 
1338.750 

907.487 

0.000 
907.487 

0.000 
0.000 
0.000 
0.000 

431.2'3 
17241.551 

O.OOG 
229.m 

-229.616 
1338.~~ 

677.871 
660.879 

431.2'3 
-m.558 

1997 

1618.233 

ll.733 
1606.500 

1137.354 

75.073 
1062.281 

0.000 
0.000 
0.000 
0.000 

•Gll.li:'9 
2210.430 

2.0'5 
263.111 

-261.0lli 
llilli.138 
874.243 
741.8'5 

480.879 
-310.678 

-----------------~-----------------------------------------------------------------------------------
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----------- COlf'AR 2.1 - IATlllW. Et!DIC l 1£11. AllTlllITY, IWlllA -----

Cash flow tables. production ill TIGISAllll U.S. Ill LARS 

Yur •• · ••••••• 1"8 1m 2000 2001 2002 2003 

Tot1l usll iaflov .. 160£..500 160£..500 1'06.500 160£..500 160£..~ 160£..500 
-------------- -------- --------

FiUKill rKOUrC!S • o •. -..o 0.000 0.000 0.000 0.000 0.000 

Siles, nt of tu • • 160£..~ . 160£..500 1'06.500 160£..500 160£..500 1606.500 

Tet1l usll oatflov •• 1062.281 1"62.281 1085.281 1062.281 1062.281 loacJ.281 

-------- -------- -------------- ------------ ------------ -------
Tetll 1swts .... 0.000 0.000 27.000 0.000 0.000 27.000 

llpenti•t costs • • • 1062.281 1062.281 lo&2.28l lo&2:211 1062.281 1062.281 

Cost of fia.ace • • • 0.000 0.000 0.000 0.000 0.000 0.000. 

hplJl!llt 0.000 0.000 0.000 0.000 0.000 o.ooc 
torpor 1te tu 0.000 0.000 0.000 0.000 0.000 0.000 

Uwidmdor; ,1id ... 0.000 0. ':00 0.000 0.000 0.000 0.000 

Surplus < deficit > . 544.m 544.WJ 517.m 544.219 544.m 511.m 

Colul1ted c1sh b1tince 2754.li4CJ J2CJ8.BliCJ J811i.088 431iO.J07 4~.52' 5421.m 

Inflow, lout .... 0.000 0.000 n.too 0.000 0.000 0.000 

Out flov, lout • • • • 254.751i 254.751i 2!:4. 75f. 254. 7Sli 254.75£ 254.7~ 

Surplus < deficit > .• -254. 75li -254.75f. -254. 75'> -754.7Sli -254. 75li -254.75£ 

Jaflov, foreign ... lliOli.500 llio&.500 lliOG.500 1606.500 llio&.500 UiOli.500 

Outflov, forei9n • • • ~7.525 807.525 8:<4.525 807.525 807.525 834.525 

Surplus < deficit > . 7CJ8. CJ75 7CJ8. CJ75 771. CJ75 7CJ8. CJ75 7CJ8.CJ75 m.m 

let ushflov • • • • • 544.21CJ 544.21CJ 517.21CJ ~44.21CJ 544.21CJ 517.21CJ 

Cuul1ted aet ushflov 233.541 777. 7li0 12CJ4.CJ79 18JCJ.ICJ8 2383.417 2CJOO.li31i 

• --------------------- ·---------~---------------------------------------------------------------- ·----.... --------------------------
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.• f,01'1.f~o~ 
--------- mnR 2. t - 111.r::M. Etlllllllt • IEY. aun111Un, llAlltLA ---

Cashflow tables. pr ':::ti on in TIOJSMll U.S. ICl.LUS 

Yeu ••••••••• 2005 

Tobi usll inflov .. l~.500 16°'.5CO 160fi.500 

------- -------- -------------
rinwi1l resources • 0.000 0.000 0.000 

Siles, aet of tu • • lli06.500 16°'.500 1606.500 

Tobi cull outflav •• 1°'2.281 1°'2.181 1062.2111 

----------- ----------- --------------
Tohl usets .... 0.000 o:ooo 0.000 

Opeutin!I costs • • • 1°'2.281 1°'2.281 1062.281 

Cost of fin.ance ••• 0.000 0.000 0.000 

ltep1y1ent 0.000 0.000 Cl.000 

Corpor1te tu 0.000 0.000 o.ooo 
Dividends paid ... 0.000 o.eoo 0.000 

Surplus ( deficit ) . 544.W.1 544.m 544.m 

Cu1ulited usll hlance 5965. %5 li5l0.184 7054.403 

lnflov, local .... 0.000 0.000 o.ooo 
Out fl av, local • • • • 254. 75' 254.75' 254.75' 

Surplus I deficit ) . -254. 75' -254.756 -254.756 

lnflav, foreign ... 1606.500 1606.500 1606.500 
Outflov, foreign • · •. 807.525 807.525 807.525 

5'.lrplus ( deficit ) 7CJ8.CJ75 7CJ8.'75 7'8.975 

llet ushflov • • • • • 544.115 544.11CJ 544.21CJ 

Cu1uhted net ushflov 3444.1155 3'8CJ.075 4533.294 . . ------------------------------------------------------------------------------------·---------------------------------------------
QUININE PLANT, PROCESSING ONLY, 540 "r --- JULY 5, l4JB~ 
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Cashflow Discounting: 

•> ~itr 11•ill nrsn let i1eeee flov: 
let 11r1SRt nlw •••••••••••••• 
l1terul bte of Ret111a URREll •• 

•> let llort• ftrSIK let c•sll ret1r1: 

-974. 4J4 •t 
7.49 % 

let •rl!Sl!lt Yilw • ••••••••••••• -65. 74J •t 
l1terul bte of letar1 <lllE21 • • 14.50 % 

cl l1ter11l bte of let1r1 oa tot.I i1ft'iitn1t: . 
let •rl!Hllt HIH • • •• • • •• • • • • • • -GS. i8 it 
l1ter1•l bte of let1r1 < IRR l •• 14.50 % 

let llort• = E .. ity piid •llS r.wrns 

15.00 % 

15.00 % 

15.00 l 

---------------------------------
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-----·-- Cfi~. 2.1 - IATIM. EtlmllC' IEV. AUT111Rtn, iAllU --

• Net Incoae Stateaent i1 TllDllSAlill U.S. llllAiS 

Y11r ••••••••••••••• .. 1,,2 1,,3 1'14 1m 19'& 

Total 11les, i1d. silts tu ••• .. m.500 1338. 7SO 1338.750 1338.750 1138.750 
Len: nrinle costs, incl. silts tu. o.ooo 0.000 0.000 0.000 o.ooc 

------
Viriule ur9i1 ......... . . 8'2.500 1338. 750 1338.750 1338.750 1338.750 
Is 1 of tehl silts . . . . . . . .. 100.ooc 100.000 100.000 100.000 100.000 

.. -nriule costs, i1el. fftlreciition m.m 1137.367 11'3.3'7 ll'3.31i7 11'3.3'7 
--------- --------------- --------- --------

llper1tion1l 11r,ia • • • • • • •• .. -31.3'9 201.383 175.383 l75.383 175.383 
As 1 of tohl 5.ilts ........ . . -3.518 15.043 13.101 13.101 13.101 

Cost of fiaiACI! ...... . . . . . 0.000 0.000 0.000 0.000 0.000 
------------- --------------- ------------- --'-------- --------------

6ross proli t • • • • • • • • • • • .. -31.m 201.383 l75.383 l75.383 m.383 
Allov1ncl!S • • • • • • • • • • •• 0.000 0.000 0.000 0.000 0.000 
Tiuble profit • • • • • • • ... -31.m 201.383 175.383 l75.383 175.383 
Tu ............ . . . 0.000 0.00(1 0.000 0.000 0.000 

--------------- --------------- --------------- ·-------------- -------------
Net profit •••••••••••• .. -31.3'9 201.3113 17S.383 175.383 175.383 

Di •idl!llds piid • • • • • • • • • • • • 0.000 0.000 0.000. o.ooo 0.000 
lkadi stribuhi profit • • • • • •• .. -31.3CJ9 201.383 175.383 175.383 175.383 
Accuubtl!d 1111distributl!d profit • .. -31.3'9 1'9. '84 345.367 520. 750 &'6.133 

• &ross profit, 1 of totil ules •• . . -3.518 15.043 13.101 13.101 13.101 
llet profit, 1 of tolil wlEs .• .. -3.518 15.043 13.101 IJ. IOI 13.101 
lllE, let profit, 1 of equity ••• .. -1.245 1. CJ88 Ii. CJS7 Ii. '57 li.CJ57 
ROI, let profit+interest, 1 of inwest. -1.172 1 .m li.338 6.338 6.338 

GUllllllE PlAJIT, PROCESS IM& ONLY, 540 KT --- JULY 5, 1'8' 
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.f,Ori.f~of 
------------------·--- OIFll 2.t - IATllM.. EtmtlC' IEV. AITlllllR, llllllLA -

Net Inco•e Stateaent i• TllllSMI U.S. IOliAIS 

• '"' ................. 1~7 1116 l'HCJ 2000 2001 

Tetil silts, iad. silts tn ••••• l'°'.500 l'°'.500 l~.500 l'°'.500 1'86.500 
Lns: nriale ems, i1cl. silts tn. 0.000 0.000 0.000 o.~ 0.000 

------- ------- -----
tvi•lt ur11i1 ........... l'°'.500 l'°'.500 1'°6.500 1'86.500 ''°'·500 
Is l of tobl silts ......... 100.000 100.000 100.000 100.000 100.000 

.. -nri•lt costs, i1el. •rtci•ti• 1318.1'1 1318.1'1 1318."1 1305.4'8 101'.540 

--------- ------------ ------- -------
llf«•tioul Nrti• •••••••••• 288.339 288.33' 288.33' 301.032 52'.'61 
As 1 of tebl silts ......... 17.948 17.'48 17.948 18.738 32.802 

Cost of finMCt . . . . . . . . ... 0.000 0.000 0.000 0.000 0.000 
-------------- ------------- ------------ ----- ------

liross 111rofi t • • • • • • • • • • • • • 288.339 288.m 288.m 301.032 52'.'60 
AllovillCts • • • • • • • • • • • . . . 0.000 0.000 0.000. 0.000 0.000 
Tuult profit • • • • • • • • • • • • 286.339 288.33' 288.339 301.032 52'.,60 
Tn ................. 0.000 O.OOti 0.000 0.000 0.000 

--------------- --------------- --------------- --------------- ---------------
let profit • • . • • • • • • • • • • • 7118.'.l]Cj 765.339 288.339 301.032 52'. 960 

liwidnds 111•id ••••••••• .. ; 0.000 0.000 0.000 0.000 0.000 
Undistri .. ttd pre.fit ••••••••• 288.33' 288.3]Ci 288.33'1 301.032 S21i.%0 
Accuuliltd 1114istributtd profit ••• ......,,. ,.,,.. 

')Q"f."tr l. 1272.811 15'1.150 1862.182 2389.142 

&ross profit, l of tot•l siltS ••• . 17.948 17. 948 17.94R 18.738 32.802 
• •t profit, l of tot•l s•lts ••• . 17.946 17.4i48 17.948 18. 738 32.802 

ROE, let 111rofit, l of 1quity ••••• 11;437 l l.437 ll.437 ll. 940 20. 902 
ROI, let 11rofit•i11tPrtst, l of invpst. 10.1137 10.187 10.187 10.535 18.442 
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-------------------- COll'M 2.l - llATlllW.. EallltlC ' ll.'V. Mmmlll, llAllLA --

Net Inco•e State•ent i• THllllSMll U.S. Del.LARS 

• Tm ••••••••••••••••• 2002 2003 200.( 2005 20G6 

.. T1t1l Hits, iacl: wlrs b1 ••••. l'°'.500 16Ci6.500 l'°'.500 lf.Cl6.500 l'°'.500 
less: nrilllle costs, iacl. Yles tu. 0.000 0.000 0.000 0.000 o.ooo 

-------- ------- ---- ------
Yu iillle •uti• ............ l'°'.500 1&06.500 l'°'.500 l'°'.500 l'°'.soo 
As l •f ttt1l Silts ......... 100.000 ;oo.ooo 100.000 100.000 100.000 

lol-nrilllle costs, iacl. Honci1ti1111 1071.281 1071.281 1071.281 1071.281 1071.281" 
------ ---------- ------ -----

8'fr1tieul urti• • • • • • • • • • • 5JS.214J 535.21' 535.214) 535.2" 535.21' 
As t of tobl ults . - ....... 33.316 33.31' 33.3lli 33.311i 33.311i 

test If iiHIC! . . . . . . . . . . . II 111111 ............ 0.000 0.000 0.000 O.OOQ 

------------- ----------- --------------- --------- ----------
&r.Ss profit • • • • • • • • • • • • • 535.m 5.l"S.219 535.214) 535.2" 535.m 
AllONICH ••••••••••• ... 0.000 0.000 0.000 0.000 0.000 
Tuillle profit •••••••••••• 535.m sas.m 535.2141 535.21!1 • m.m 
TH ................. 0.000 0.000 0.000 0.000 0.000 

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

llet profit •••••••••••••• 535.m 535.21' 535.m 535.214) 535.m 

Di TiHUS p•i~ • • • • • • • • • • • • O.OOCI 0.000 C.000 0.000 0.000 
lldistri"•ted profit ••••••••• 535.21' 535.m 535.m 535.m 535.219 
1cc ... 11ted lldistri"8ted profit ••• 2'24.3'1 J.m.sao :n94.794J 4~.018 SOliS.237 

&ress profit, 1 of tot.I wles •••• J3.311i 3'.l.'.'lli 33.31~ 3'.;. Jlli 33.316 
• let profit, 1 of tohl YlH . • • • 33.Jlf. 33.3" 33.316 33.316 33.316 

IOE, let profit, 1 of etuih ••••. 21.230 11.230 21.730 21.:130 21.230 
IOI, let profit+i11tere~t. 1 of ianst. 18. 731 18.SS5 IB.5SS 18.SSS 18.555 

GllIIUllE PLANT, PllOCESSUIG ONLY, 540 !IT --- JIU 5, 1'89 

• 
• 

A 70 




