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1. SlHfARY, CONCLUSIONS AND RF.CXlltENDATIONS 

1.1 SU1111Bry on the establishment of an integrated windpumps production 

unit in Metafus-workshop, Lubango 

An opportunity study has been made for the establishment of a production 

capacity for the manufacture of windpwaps within the fifth region of 

Angola. It was found that manufacturing of windpumps in Angola is viable. 

'lbe analysis of the study were based on: 

An inquiry regarding the state of existing windpumps in the fifth 

region. 

A survey made in 1988 resulted in some 90 existing windpumps in the 

5th region, 28 of them have been visited during the first and second 

mission. Two of the visited windpumps were still in operation. About 

12 of the 28 windpumps could be rehabilitated. 

- A preliminary inquiry on windregimes • 
. 

In Huils the windregime appears to be less favourable than in Namibe. 

'lbe average windspeed is estimated on 4.5 g/s for Namibe ani 3.5 m/s 

for Huila. However the basis of these estimations is too small. 

Windmeasurements are needed for a longer period of time as a 

concinuation of the measurements, made with help of the 4 wind data 

loggers, which were installed d~ring the mission. 

- An investigation of metal workuhops within the fifth region. 

Presently only Metafus has the capacity to start windpump production. 

For the implementation some investments are needed. 
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- A market survey indicatin@ three segments: 

a - human drinkin~ water 

b - livestock watering 

c - irrigation 

The total demand on windpumps is estimated of the segments a + b. 

Windpumps for irrigation purposes can only be considered for the long 

term. 

- A preliminary analysis of type and specification of a suitable 

windpump. 

A 14 feet geared windpump appears to be the best suitable machine. 

- An analysis of financial parameters, when considering an estimated 

selling-price of USD 6,000.--. 

The I.R.R. {without considering 1:2.Xes) is 22% !or an isolated plant. 

For an existing li!Orkshop the I.R.R. is 32%. 

A comparison of the total expenses in foreign currencies of imported 

windpumps and locally produced windpumps, if manufactured by a new 

{isolated) plant as well as i&anufactured by an existing metal workshop. 

Except from social benefits {watersupply) during the accounting period 

of 15 years approx. USD 4,000,000.-- could be saved on foreign 

currency. 

The study shows the viability of establishment of production of 100 

classic geared windpumps of 14 - 25 feet per year in Angola and .recommends 

the integration of their production in the existing workshop Metafus 

at Lubanfo which re~resents the most ef fectiv2 solution. 
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1.2 Conclusions 

1. Co~sidering different ways of water supply it appears that about 

50% of the existing and new tube wells can be equipped succesf ully 

with a windpump. Windpumps are competitive with other water liftin~ 

devices, even in areas with a modest windregime. 

2. In first instance 2 14 feet windpump is best suited for tle local 

condition within the fifth region. After the third production year 

a bigger windpump (25 feet) could be introduced for use in regions 

with a modest windregime and/or a high waterdemand. 

3. Based on qualitative and quantitative analysis of all relevant aspecta 

made in the O?portunity study, the set-up in the fifth region of 

Angola of a production capacity for windpumps is viable. 

4. According to a preliminary techno-economic evaluati~n an optimun; 

plant should have a production capacity of 100 windpumps per year 

to be achieved in the foarth production year. 

5. lbe potential short term demand for windpumps is 600 units. 1he r~al 

market depend on the number of tubewell available for the installation 

of a windpump and is estimated to be 35 in 1991, 50 in 1992, 70 in 

1993 and 100 in 1994. 1hose numbers are based on the expectation 

that: 

a) the well rehabilitation and drilling capacity in the fifth region 

is sufficient. 

b) the goverment of Angola is willing to purchase windpw;;ps 

(eventually with financial support from donor countries) a~ being 

part of the policy to satisfy rural water needs. 

lbe total demand for windpumps to cover present rural drinking water 

needs for lifestock and human beings is 1200 units. 



6. The production should be based on a proven classic vinrlpump design. 

During the first 1 years more complicated components have to be 

iAported but may gradually be substituted by locally engineered and 

manufactured ones. 

7. In this respect implementation in the Metcfus factory at Lubar~o 

leads to the best solution for the short term. Implementation within 

the E.mel factory at Lubango could be an alternative after 1 or 2 

years, if this factory has been extended according to the exis~ing 

plans. 

Preliminary calculations show an in~ernal rate of return for Metaf us 

and F.mel to be =omparable (32%). The IRR for a c('Dlpletely new, 

isolated plant is 22,71%. 

8. 1lte more components are produced locally the better a techilological 

and economical !>asis for the long term production is created. 

9. The unit c~sts (fifth year1 are US$ 3370 for a production within 

Metaf11s or Emel when the unit costs for an isolated plant are USS 

4090. 

10. The implementation of a production unit will lead to the employment 

of 19 persons and a saving of foreign currency of approx. USD 

4,000,000 in an accounting period of 15 years. Within this pericd 

1350 units can be produced meeting the governmental objective to 

provide drinking water for rural areas. 
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1.3 Recommendations 

A) Recoaaendations related to the production of windpumps 

Following the findings/results of the study it is recommended to start 

with preparatory activities in order to establish windpump production 

within Metafus: 

1. (Technical) pre-investment activities, implying the evaluation of 

the workshop concerning: 

- plant organisation 

- civil structure 

- machines and equipment 

- human resources 

·- procurement procedures 

The results of these activities are a set of specifications f~r 

machines, civil structures, raw materials and components. 
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2. Engineering of th~ first units to be produced. Preparation of a call 

for tender. Recommendations for procurement and/or cooperation with 

foreign manufacturers based on an evaluation of tenders. 

3. Detailed analysis of sales prices. 

4. Detailed financial and economic evaluation of the workshop. 

5. Det~rmination of ~~nditions and schedule of financement of the project. 

In, order to accomodate a technological basis training of local staff 

should start immediately after or during the rre-investment activities. 

Foreign experts should be recruted for technical as well as 

administrative support. During the pre-investment phase job 
I 

de~criptions should be prepared. 

I 

The a~tivities 1 to 5 are estimated to take up 6 months. 



B) General rP.C.Olllllendations related to the project 

1. Wi.nddata 

1be output of a windpum~ highly depends on the average windspeed and 

the matching between pumpdiameter and rotordiameter. It is recommended 

that a windmeasurement programme is executed as a follow-up of the 

:1.astallation of 4 winddataloggers which has taken place during the 

present opportunity study. 

2. Installation and maintenance 

An institution for site selection, installation and maintenance has 

to be created and integrated within existing structures and plans. 

3. Rehabilitation of existing windpumps 

A minor part of the existing 90 windpumps could be rehabilitated. 

1bis should preferably be realised in conjunction with the effectuation 

of local manufacture of windpumps. 

4. It is necessary that the drilling capacity for boreholes and the 

construction capacity for storage tanks increases. lbe government 

should consider this in order to solve the urge for water need in 

a proper way. 
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2. PROJECT BACKGROUND AND GENERAL DATA ON ANGOLA 

2.1 Project background 

The State Secretariat of co-operation of Angola requested the United 

Nations Industrial Development Organisation (UNIOO) by means of a letter 

dated July 22. 1986 to execute an opportunity study concerning the 

possibility for the establishment of a production capacity for wind-driven 

waterpumps (windpumps) in Angola. 

The project fits into the priorities. set by the Government concerning 

the development of the industry and providing for the basic needs of 

the rural population in the southern provinces Huib. Cunene and Namibe. 

The UNIOO has contracted a team of dutch consultants from E.I.C. Nederland 

B.V to conduct the study. 

Two missions have been executed to Angola. A first mission from June 

a. 1988 until July a. 1988 by 

C.J.A. VersLeegh. experts windpumps/team leader 

F.J. Follings. energy expert 

T. Henssen, agro economist 

A second mission from October 9, 1988 until November 4, 1988 by: 

C.J.A. Versteegh, expert windpumps/team leader 

H.P. Stekelenburg. industrial economist 

M. 1'.uitert. electrotechnical mechanic. 

During the second missing 4 wind data loggers have been installed. The 

department of new and renewable sources of energy of the Ministry of 

Energy and Petroleum (DNFRE-HEP) has guided the missions. 



To meet the objective of th~ study, a technical, economic and financial 

analysis has been made, based on: 

- An inquiry regar4ing the state of existing windpuaps in the fifth 

region. 

- A preli.llinary inquiry on windreg:iaes. 

- An investigation of existing metal workshops. 

- A market survey. 

-8-

- A prelw.nary analysis of type and specification of a suitable windpuap. 

- An analysis ~f comaercial prices offered by wi.ndpuap manufa~turers. 

- A comparison between manufacturing windpuaps in an existing metal 

workshop and an isolated plant. 

The draft final report has been presented and discussed in Angola during 

a visit from 20-24 February by Mr. C.J.A. Versteegh (EIC) and }fr. V. 

llykov (UNIDO). Minutes of the final Eeting are presented in annex 10. 
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2.2 General d~~~ o~ ti:.~ People's Republic of Angola 

1besitugticn of Angola in Africa is 

illustrated in the figure alongside. 

1be basic facts indicated below were 

derived frOll reference 1 

Basic facts {June '87) 

Area 

Cllllate 

Population 

Ethnic groups 

Capital 

Language 

Workforce 

~griculture 

Products 

Industry 

1,246,700 sq. km. 

tropical to subtropical 

9, 1 Mn. {see details on page 5 ) 

Ovimlundi 37% Haneca and Humbe 

limbundu 25% Ovambo 

BakOngo 15% Mestico and European 

L:.·"da Chokve 8% Other 

Nganguela 6% 

Luanda 

Portugese 

Agriculture - 75% 

{42% of GNP) 

3% 
2% 

2% 

2% 

carsave, maize, plantains, sweet potatoes, milk, millet, 

citrus, beans, potatoes, sugar, beef, palm oil, sisal, 
coffee. 

{28% of GNP) 

petroleum, mining, food processing, beer, tires, textiles. 



Natural resources 

Form of government 

Administrative subdivi~ian 
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petroleum, diamonds, iron, phosphate, copper, 

feldspar, gold, bauxite, uranium. 

Ha:xist People's Republic. 

Political Party: Pop~lar Movement for the 

Liberation of Angola - Labor Farty. 

President: Jose Eduardo dos Santos. 

18 provinces. 



General economic data 

F.conomic cha~acteristics 

Official conversion rate of lcvanza. 

1983 l'J84 1985 1986 

lcv./1$ 29,6 29,6 29,6 29,92 

Table 2.1 is based on references 2 and 3. 

Table 2.1 

Macro ec~ .• omic indicators 1983 1984 1985 

GDP at market pricas (z bn. 126,3 

Rate of increase 
141,6 144,cJl 

~opulation b mn. 

GDP per capita (1000 [z) 

Exports fob c $ mn. 

Imports fob c $ mn. 

Trade balance $ mn. 

Overall balance $ mn. 

Gross Foreign Exchange 
reserves 

Total ($ mn.) 

Total external debt outstan-

8,2 

1,54 

1,587 

993 

+ 594 

- 34 

112 

0, 12 0,02 

8,4 8,7 

1,68 1,66 

1,960 1,976 

11265 1,384 

+ 695 + 592 

- 57 - 236 

173 205 

1986 

8,9 

1,278 

1!062 

+ 216 

- 447 

($ mn.) ding 2358 2442 2700 3071 

-11-

l987 

9, 1 

2,300 b 

1!275 d 

+1025 

Debt service ratioe 20,4 18,l 17,2 31,lf 

Table 2.1 Macro economic indicators. 

footnotes on next page. 
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F.con<MPic Systea and Poli~Y 

Angola has a socialistic society, with a centrally planned economy. The 

key sectors of the Angolan industry as well as the large-scale agriculture 

are based on state-enterprices. Besides these enterprises, private ones 

exist as well. Wages and prices are set by the govenment. 

The three year economic and financial recOAStruction progr•, "SEF", 

which tries to create a more attractive clicate to foreign investaents 

in Angola has started in 1988. Tile progr• aias at !r're autonocy for 

the management of state-enterprises, a .d will stillulate the private 

initiative. 

It is expected that this law vill lead to changes in 1110netary-1 pricing­

and exchange-rate-policies. 

The Angolan goverm1e11t conveys a very careful financial policy. It ai.Jls 

to keep the foreign debt as low as possible. As a ies~lt of this policy 

Angola was able to pay its debt services until 1985. 

This situation changed in 1986, when the decrease in oil-earnin,.;, led 

to an increase in debts. In 1988 however it is expected that the oil­

output will be twice as high as .in 1986. 

Also part of this policy is the attempt to spend as f ev foreign currencies 

as possible. For this reason imports are restricted to the llOSt necessary. 

'·· 
Imports of consumption goods are charged with a tax of 20 per cent, bu~ 

production goods are free of charges. 

Footnotes for table 2.1 

a) Provisional 

b) Estimated 

c) From balance of payments data 

d) Official forecast 

e) Long term debt service % total current accounts receipt 

f) Including unrescheduled debt service not paid; excluding these arears 

the ratio was 16.4 per cent 
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2.3 Basic facts on the provinces Naai.be, Huila and C:inene 

~-. 

~OftES llEl'UBU.: 
OFMIGOU 

- -- ~-

Basic facts 

Naai.be 

Area 57.090 

Clima~e tropical 

Po2ulation (1000) 04 
1986 

Po2ulation 2er 1,3 
sq km 

Ethnic grou2s Herero 
(rough division) 

Ca2ital Namibe 

Huila 

the situation of the provinces 
Nam.be, Huila and Cunene in 
Angola is illustrated in the 
figure alongside. 

'!be basic facts indicated below 
were derived from references 3 
and 4. 

Cunene Total 

78.992 78.956 215.038 
(17% of 
total pop.) 

91-7 310 1108 

10,1 3,1 

Nyaneka- Ambo 
Hum be 

Lubango Ngiva 
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3 RELEVANT ASPECTS OF TIIE SmJATION IN mE FIF111 REGION 

3.1 Geographic situation 

The fifth region, situated in the far southwest of Angola between the 

latitudes of 13 and 17 degrees south and the fongtitudes 12 and 17 degrees 

east is composed of the provinces of Namibe, Huila and Cunene and covers 

an area of SOiie 220.000 square kilometres. 

Travelling vest fr011 the coast to the interior of the country, crossing 

the city of Namibe, one meets a succession of progressively higher plains 

where rocky hills exist. 

At 150 kil011eter froa the coast the altitude is risen to 900 • reaching 

the escarpment marking the min plateau. This is the Serra da Oiela which 

bas its highest point at 2300 •· at Bimbe. In the Northern part of the 

region the plateau has an altitude between 1600 anc! 2000 metres. Towards 

the south the altitude declines steadily to reach 1100 metres on the 

frontier with Namibia. 

In general three etnic groups inhabit the fifth region. 'lbe Nganeka-Humbe 

in Huil , the Ambo in Cunene and the Herero in Namibe. 

For an extensive 1escription see reference 4. 
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3.2 Rural population aud means of subsistence 

The extend of the rural population is difficult to estimate. According 

to reference 1 the rural population in the three provinces should be 

695.000 in Huila, 39.000 in Kaai.be and 290.000 in Cunene. The depar~nt 

of planning estimates the rural population on 700.000 for Huila and 

115.000 for Nam.be. Because of the var situation the number of inhabitants 

in Cunene cannot be estillated. 

In the north of Huila rainfed agriculture is well developed. Tr&ditional 

f81'111ers with about 10 ha of land produce 70-80% of the total production, 

mainly consisting of maize (55%), v'neat and potatoes. 

SOiie .5000 ha (4% of the total cultivated area) is irrigated vit-.h surface 

water by gravi~y or 110tol))uaps. 

Most of the traditional substantive farmers in·th~s area also own SOiie 

livest<iclt. In the south of the fifth region extensive cattle raising 

is the main sout'ce of incoae. 

One of the •in problems is a lack of good drinking water for both human -

and cattle. Naaibe, the southern part of Huila and the western part oi 

Cunene traditionally has a nOll8dic population vhose grazir.g territories 

are given in fig 3.1. Water needs are fulfilled by means of the so-called 

chillpacas and cacillbas. A chiapaca is a f1ole in the ground, used as a 

reservoir for rainvati?r vhile a cacillba can be compared to a shallow 

well. 

A properly constructed and maint.iined chiapaca (fig. 3.2) can supply 

good drinking water if cattle do not enter the water. Between 1947 end 

1973 some 1200 boreholes were drilled and for a great deal equippt:~ vi~h 

handpumps and windmills by the colonial government. 'nle water was for 

free for traditional peasants. 
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After indepen~ence in 1975 maintenance of water sources stopped leading 

to delli.nishllent of quantity and quality of water. If handpumps and windmills 

stop functioning, people will drink from polluted chillpacas. It is 

estimated by the Ministry of Agriculture that 80% of ~e-original water 

supply infrastructure is out of order. 'Ibis percentage is increasing. 

Due to the war a lack of all kinds of goods in adequate quantities exist, 

regular trade channels do not function. As a result the nuaber of cattle 

is increasing, thus causing local overgrazing near watersources. As an 

average, faailies have 40 - 60 cows while they can 118ke a living out 
of 20 cows. 

In tabel 3.1 the 8110unt of live stock is given, based on data from 

reference 4 and esti.mati~ns from the Ministry of AgriculturP.. 

cows sh~p goats pigs 

Cunene and 
120.000 I Bath 

2.500.000 42.000 467.000 

I 
I 300.000 40.000 570.000 17 .000 Namibe 

Table 3.1 Live stock 

hand pump 

Fig. 3.2 A chimpaca or extraction dit~ ~ith hand~ur.,. 



3.3 Existing metal workshops 

Before independence industry i.n the fifth region was developed close 

to the cities Namibe and Lubango (concentrated in their respective 

industrial estates). After independence most industry was nationalized 
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and functioned directly under administratiOL of the Ministry of Industry. 

Activities of private companies have been incorporated within the national 

programs, which have been set up by the Ministry of Industry. Changes 

and difficulties facing the country after independence have resulted 

in operational problems for industry. Little investment has occured in 

the last decade. Failure of equipment and shortage of supplies have 

resulted in a very low utilisation of installed caFacity. 

All relevant workshops in the region have been visited, as well as some 

in Luanda. Visited are Metalvi, EKIN, FATA/METANG and A!2AG in Luanda, 

Me~afus, 'EMEL and CFM in Lubango and Ermanal and Metalomecanica in Namibe. 

In appendix Al a brief desc=iption and analysis of t>~se workshops is 

given. 

From the companies in Lubango and Namib~ currently only Metafus had in 

some degree an industrial production. Metafus is willing t~ produce 

windpwn~s or parts of it and possesses most of the necessary machinery 

and has foundry facilities. The company constructs its own buildings 

and the productivity is stimulated by offering good working conditions 

to the labourers e.g. free food. They also develop their own products 

or improve and build exi&ting machinery e.g. handpwnps. At the moment 

they are analizing a windpwnp in order to build one but progress is slow 

due a lack of engineers. One of the two directors is responsable for 

all technical matters, including civil constructions. 

The Ministry of Industry is effectuating a devel~pment plan for the EMEL 

workshop resulting in an industrial production facility after 1990 for 

agricultural machinery. 
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At the 11UBent E4EL is a sheet metal workshop with eleaentairy tools, 

not suited for windpumps. The navy wrlc for the new buildir.gs has started 

but it is doubtful! whether 1990 will be the first year of production. 

The project foresees in training and educati~n of technicians and 

craftsman by foreign staff. According to the Ministry of Industry 

windpu:aps could be one of the products pro."uced. EMEL will not have 

foundry facilities but contracts Metafus or C.F.M. 

The supply of rav materials for windpuap production by An~olan c<>11panies 

is very lilli.ted. Only FATA could supply galvanised tubes, but only of 

limited dimensions. FATA also produces corrugated iron of imported steel 

sheets. Thickness of these sheets allows limited use in windpuap 

constructions. 

From the 8 companies I metal workshops ~"ithin the region only the 

partially private owned company Metafus has at present a llini.DnJm required 

level of workmanshop and equipment to develope an adequate (integrated) 

production facility of windpuapa. 

According to the development and investment plans for the state owned 

company F.mel, this company should be in a position after 1990 to implement 

the production of windpumps, but as stated allready considerable efford 

and time will be needed to achieve this. 

According to the investment plan F.mel should have the disposal of all 

relevant machinery and equipment necessary for the production of 

windpw..~s. Metafus has 70% of the necesarry machinery, 30% of the 

machinery, for the produ~tion of windpumps (about $ 50.000,--) should 

be bought. 

Both workshops will be analysed for the integration of windpump production. 



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

3.4 Existing windpumps 

In the colonial times a large amount of windmills were imporLed and 

installed especially in Namibe. 

A survey done by Hidromina in March 1988 shows an actual situatin with 
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90 windpumps (3 in Huila, 7 in Cunene and 81 in Namibe). As to our own 

obser:1tion the data on the brand (fabricante) and the condition (estado) 

are not quit reli~ble (appendix A2). Host of the windmills were installed 

in the fifties and sixties on new drilled wells. Encountered marks are 

Climax, Adler, Southern Cross and Springbok, the latter being manufactured 

in South Africa. Two Bornays from Spain were recently installed by DNFRE. 

The pumpco:' water in general is used as drinking water f.or both cattle 

as human. Storage tanks with a capacity between 40 and 160 m, are in 

use. 

During the missions 28 locations were visited in Namibe and 13 in l1·1ila. 

For safety reasons Cunene could not be isited. In appendix A3 a review 

is given of the visited sites. Of the windmills, installed before 1975 

seventeen have been visited. Two of them were still in operation, but 

in very bad condition. It is estimated that about 50% of the visited 

windmills can be rehabilitated. In Namibe most of the locations are 

favourable for windenergy. In Huila and Cunene this will be less but 

it is estimatPd at least 50% of the total number of wells can be equipped 

with windpumps. 

Officials estimate that in the past 250 windmills have been installed 

in Namibe. The rotordiameters vary from 10 feet to 14 feet (3 - 4,20 

m.) and all are of the· double geared type, using reciprocating pumps. 

In colonial times maintenance and repair was done by the owner/user. 

The nearby coaununities' blacksmiths or metal workshops could give 

a&distance. After the departure of the Portuguese, maintenance ceased 

ar.d windmills as well as handpumps stopped functioning. 
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Apart frOIR drilling wells the department of subterranean water resources 

Hidromina has the task to install and maintain vaterlifting equipment. 

At the moment Hidromina has one maintenance team operational which is 

due to vehicle problems, not very effective. Hidromina confirmed that 

during the last 8 years practically no maintenance or repair has taken 

place, due to lack of skilled personnel, money, equipment and spareparts. 

Repairs to be made in order to put existing windmills in operation &gdin 

are: 

- Lifting of the pump and replacement of wom or corroded parts, such 

as pump cups, valves and puaprods. 

Clleck of the tower, mounting of missing girts and braces, mounting 

of a new wooden tower platform. 

Repair, cleaning, adjustment and lubrification of the furling and 

yawing mechanism. 

It depends on the.state of the transmission if a c~plete overhaul 

is necessary or not. If the crankcase (head) still contains oil, 

bearings and gearwheels probably are in a resonable state. Cleaning 

of the mechanism and replacement of the seals will do in that case. 

Generally the condition of the windmills was reasonable, taking into 

account an operational life of 15to 30 years. All steel parts are 

hot dip galvanised and the cast iron parts are coated. 

Altough rust occurs, repaired windmills don't need further anti 

corrosion treatments to function at least another 10 to 20 years. 

If windmills are dismantled and re-installed an anti-corrosion 

treatment is advised. 



A 14 feet Cl:illax of unknown 

age. The windaill is rein­

stalled in 1981 in Mungolo, 

Ruspata aunicipality in the 

pr~vince of Buila. 

One of the wind data loggers, 

supplied and installed within 

the scope 

opportunity 

of Virei 

of Namibe). 

of the present 

study (community 

in the province 



4. WATER AND VIKD REroURCF.S 

4 .1 Wind concii tions 

lbe quantity of V&ter lifted by a windpuap highly depends on the local 

wind regi.ae. 

A key-parameter to characterize the wind regi.ae in the mean wind speed 

is eleborated in appendix A 5. 

In the procinces Buila, Cunene and Naaibe there are only tvo meteoro­

logical stations, one in Lubango and one in Halli.be. 
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1be stations measure the --=otary (in stead of the aYerage) wind speed 

and vind directions tvo ti.aes a day at 9.00 a.a. and 15.00 p.a. 

For wind energy purposes these data are inadequate. llove•er by lack l'f 

better, the aeasureaents of recent years haYe been used to get SOiie 

indication of the wind regi.ae. 

In Appendix A 5 the vind speed and vind direction of Lubango and Namibe 

are giYen froa 1983 till 1988 for Naaibe and froa 1984 till 1988 for 

Lubango. 

'nle data froa Lubango in the first month's of 1984 appear to be very 

low and in the rest of the year very high. 'Ille latter is also the case 

for a large part of 1985 (see figure 4.1 and 4.2). 
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jan feb aar apr aay jun jul aug sep oct nov dee Time 

Fig. 4.2 fi!e:m wind speed Lubaslgo 
1985 (m/s) 

'lbese relatively low and high values could not be explained by the used 

unity nor any other way. So finally for Lubango only the data of 1986 and 

1987 have been used. 

'lbe distribution of the wind speed in seven classis (according.to '-r«>-­

rec0111181ldations) is given in figure 4.3 and 4.4. 

With special Weibull sheets the shape factor of the distribution can br 

determined as shown in Appendix A 5. 

For Lubango the shape factor is about 2.0 and for Namibe 2.4. 
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In Namibe as well as in Lubango seasonal variation in the mean wind 

speed can be appointed as can be seen in figure 4.5 and 4.6. 
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Fig. 6 Mean monthly wind speed during 
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In Namibe the annual average wind speed lies between 5.2 and 5.8 and in 

Lubango between 3.3 and 3.9 (see figure 4.7 and 4.8). 

The cup-anemometer in Namibe is standing on the roof of the (approximate 

height l.) metre) on a 11ast of about 5 metre. 

The surrounding of the airfield is very flat (desert) and the airfield 

is situated about 2.5 kil<>11etre fr<>11 the coa:ot. 

During the visit at the station it appeared that the anet1011etre had an 

off set of 1 ml s. Thus the measured wind speed has to 1M! reduc-ed vi.th 1 "A/ s 

to obtain the real value. 
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Fig. 4.9 Wind rose Namibe 

'llle mean wind speed direction is from the West {coast) as shown by figure 
4.9. 

Probably heating up of the desert during the day draws air from t~e cool 

Atlantic Ocean {Benguela current) 
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Fig. 4 .10 Wind rose Lubango 

In Lubango the donillant direction of the wind is South-East as shown by 
figure 4.10. 

-Probably this is a result of the "Hadly-circulation" see figure 4.11. 

' 

,Fi3. 4.11 Schematic r~presentation of principal 

winds. 
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4.2 Water resources 

A brief survey of the water availability in the fifth region is given 

in reference 1. Most i.aport:lnt facts are: 
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- Of 1300 tubevells, drilled b:- 1976, 50% were not functioning anJllOre 

by 1982. 

- Of 600 not working ones, only 290 are considered to be capable of 

being used after the installation of puaps. The remainder requires 

extensive r~~ation work. 

- In Cm:ene only 2 out of 153 wells were considered to be operati~nal. 

- According to a UHESCX>/UNDRO lli.ssion of March 1982 in Huila 46C wells 

vere functioning in areas, not affected by the var. 

- Aquifers vary between 40 and 150 •· and resources should be sufficient 

for 911811 scale irrigation purposes (reference 1). 

BidrOlli.na, resorting under the Ministry of Industry, meets a lack of 

means, •terials ani akilled personnel. Presently Hidromina is executing 

a program to drill 180 wells (UNICEF project). In 1987 19 V'!lls have 

been drilled but the productivity has to increase to solve l::rinking water 

problems. 

Drilling a well costs 1.500.000 kvz (USD 50.000) and cleaning a well 

300.000 kvz (USD 10.000), as stated by Hidromina. 

'nie maintenance of pumps is an acivity of Hidromina. 1be province has 

to aprove and pay for these activities, which have to be requested upon 

by companies, farmers or municipalties. Due to & lack of money, parts, 

means and skilled personnel Hidro~na is unable to fulfill these tasks. 

'nie result is an increasing number of non-operating wells and pumps. 

Project proposals have been made for the aquisition of drilling equipment 

and technical assistance in order to strengthen Hidromina (UNTCD-Samilenko 

proposal). 

I 111 
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Besides the UNICEF project an Italian project Wl.il start to rehabilitate 

200 wells. Both projects have to be completed by tbe end of 1992. 

FurtheI'llOre the drilling of 80 wells in Cunene is proposed within the 

fraaevork of the Food for Work Programme, but no timeschedule is known. 

In reference 1 it is proposed that an inventory of existing wells in 

the fifth region should be executed, as well as an evaluation of the 
present p.mps. 

Some activitieE in this area have been carried out and are mentioned 
below. 

- A survey on the condition of wells, equipped with vindpuaps executed 

by Bidroaina in March 1988 (Appendix A 2). 

No conclusions can be drawn about the state of the wells. 

- A survey made by the coamissioner of the amnicipalty of Gambos where 

95 wells are situated, of which 31 equipped with a handpt111p, urgently 

needing repair costing 62 million kwz. At the moment 4 wells are 
operational. 

- In Chibia a survey has been executed on existing wells {phase II 

project pilote Chibia FAO TCP/ANG/4504). 

11iere is a total of 59 wells of which 7 working, 8 equipped with a 

motorpump, 32 with a handpump, 2 with a windpump and 17 without a 
pump. 

Probably 7 pumps are working but the study is not clear on this 
subject. 

Hidromina supplied data of about 1200 wells (Appendix A4). However 

a lot of wells are non-operational, the data are considered to be 

representive for future drilled wells in the same area and for pump­

tests done on repaired or cleaned wells. 11ie average of those data 

is given in table 4.1. For Namibe for a few wells only the static 

level was given. '!be dynamic level has been extrapolated from data 

of the other two provinces. 
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-
Province N!. Oynaaic level yield 

Ruila 345 34,6 •• 7236 l/h 

Cunene 303 33,8 •• 6659 l/h 

Nam.be 414 21,8 •• 6650 l/h 

Table 4.1 Average data of tube wells in the fifth region. 

It can be concluded that on short term the f olloving number of tubewells 

will become available up to the end of 1992 (conservative estimation) 

New wells (Unicef) 

Others 

Rehabilitated wells 

Total 

180 

30 

200 + 

410 
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5. WATER UFI'ING EQUIPMENT 

5.1 General 

Water lifting devices exist in a large variety. Options which can be 

thought of are: 

- handpumps 

- windpumps 

- solarpumps 

- diesel- or kerosene pumps 

Water lifting methods, based on animal- or human traction (except for 

handpumps) are not of interest for the considered region, nor exist a 

tradition in its use except for surface water lifting. 

In this chapter the four mentioned options will be compared, focusing 

on the windpump. 
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5.2 Water lifting equipment 

5.2.l Handpumps 

Generally waterpumping by means of handpumps is used for drinking water­

purposes only, due to the limited pWlping capacity. 
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Handpumps are widely spread in the fifth region, but meet a lack of main­

tenance which has put many of them out out of order. 

Handpumps basically use the same pumptype as vindpumps; a reciprocating 

pistonpump. 

In fact, most of the vindpumps are designed in such a way that in case 

of no vind, a pump lever can be linked, thus using the pump as a handpump. 

'Ibis option however is only interesting for private owners who have the 

knowledge and tools to do so. 

On less windy spots vi.th delivery heights of less than 20 - 30 m., a 

handpump is a good alternative for a vindpump and can be made locally 

as well. However, in the case water has to be pumped for cattle as well, 

the c~'lai:ity is not sufficient. For example, if a shepherd has to pump 

water r twenty cows from a depth of 20 m., he has to pump half an hour 

continuously. 

'lbe costs of water pumped with a handpump for more than 90% are wellcost 

in case of a tubewell. Waterprices will vary between USD 1,50 - 2,00 

per cubic meter. 



5.2.2 Diesel and kerosene puaps 

'lbe costs of i.>tor puaps highly depends on fuel prices. At the moment 

however the biggest problems are the availability of spare parts and 

the supply of fuel. In nC!ll&d regions water puaps requiring an operator 

are not feasible as there is no tradition in using thea by the local 

people. Maintenance intervals are short what is considered to be a dis­

vantage in remote areas. Furtheraore there is no fuelsupply in these 

regions. 

For agricultural purposes motor puaps could be more feasible as 11<>re 

knowledge and means will be available. If the cost of storage tanks, 

piping and taps are included tube well cost stipulate 10% of the total 

costs. Waterprices will vary between USD 0,30 - 0,40 per cubic meter 

(1 liter of diesel = 12 kusanzas- USD 0,40). 

5.2.3 Solar pumps 

In areas with a reletively high yearly average of solar radiation, solar 

water pumping FaD be competitive with conventional pumping systems. 

Tvo systems can be distinguised: 

- 'lbermal solar pumps. 

- Photovoltair pump systems. 

In case of a thermal solar pump solar energy is converted into mechanical 

energy by means of a closed thermal cycle. In reference 5 it is stated 

the techno-economics of mass-produced thermal solar pumps are comparable 

with conventional systems. 'lbe reliability however is judged not to be 

sufficient. 

Photovoltaic pumps in Angola are operational and judged to be more 

reliable. In reference 5 a cost estimate is given of $ 0,40/m, for 

villages ranging in size from 1000 to 2000 persons. Most of the system 

has to be imported as sophisticated manufacture technics are needed. 

Besides civil works as storage tanks and supports only the frames for 

the solairpanels could be made local. 
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5.2.4 Windpuaps 

'Ille price of water puaped by means of vindenergy highly depend on the 

average annual windspeed. With a daily production of 30 a 1 and a lifting 

head of 40 • in arE:aS with an average windspeed at 3 ra/s water cost will 

be approxi.ately USD 0,70 per a 1
• For average windspeeds of 4 a/s with 

the saae required production a saaller aill can be used and watercost 

lover to USD 0,45 per a 1
• 

5.2.5 Conclusions 

Tube wells are upensive and if the well capacity can be met by a 

vaterlifting device the lowest proces per cubic meter can be achieved. 

In regions with reasonable windspeeds and/or sufficient solar radiation, 

solar- and windpuaps can compete with dieselpuaps at vaterprices of ca 

USD 0,40 per cubic meter. In aost of the fifth region dieselpuaps are 

no alternative as spares and fuel not available. 

'Ille government t:-ies to encourage the use of solar and windenergy in 

reaote areas as setting up a distribution grid is very expensive. In 
order to save foreign currency local production is preferable. Furthermore 

the availability of spareparts will be better and the out of operation 

periods shorter. 
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5.3.1 General description 

Waterpumping by means of vindenergy can be done in 1181ly different ways. 

Mentioned are electrical centrifugal deepvell puaps driven by a mdern 

wind turbine; eje )r type pumps using a c<>11pressor, directly coupled 

to the vindrotor and a reciprocating piston puap directly driven by the 

vindaill. 

'lbe latter, also called vindpuap, exists in a wide varity of designs 

and constructions. 'lbere are lov cost designs, locally built with cheap 

•terials as vood and cloth for the sails. Maintenance and repair is 

done by the owner or user, a far.er who generally uses the mill for 

irrigation. 

In Angola vindpumps are and will be installed in remote areas and will 

be used for drinking water purposes. For this application a reliable 

.,re expensive design is needed, with a minimum of maintenance and repair. 

. 'lbe type of vindpwap which meets these demands is the multibladed windpump 

as has been designed some eighty years ago and has changed little since • . 
'lbe rotor has numerous blades and thus generates a high torque compared 

to a fast running rotor with tvo or three blades. 

Windpumps of this design (fig. 5.1) can be divided in direct acting mills 

and geared mills. In case of the former, the pump is directly coupled 

to the crank of the rotor. 'lbe latter type uses a reduction in order 

to limit the number of strokes of the pistcn. In general this is necessary 

for small rotor diameters as the optimal speed of the blade tips is in­

dependent of the rotor diameter. 

Double geared ~- .Jmills are manufactured up to rotor diameters of 16 

feet (4.9 m.). Bigger wind pumps (up to 30 feet - 9.1 m.) are di~ect 

acting. For rotor diameters above 30 feet mechanical and physical 

restrictions become too big and electricity generating vind turbines 

could be used. 



Fig. 5.1 Classic geared windpump 
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1be meteorological station of Lubango uses a cup-anemometer on a 10 metre 

heigh mast. 

1be station is situated on a hill next to the local prison. 

1be surrounding is very rough. At 20 metres from the anemometer there 

is standing a 2 m. high wall in the dominant wind direction. behind this 

wall lies the prison. 

1be wind regimes in Lubango and Namibe are not related. as indicated 

by the difference in dominant wind directions. It is likely that the 

abrupt .eap in altitude between both provinces is (one of) the causes 

of this uncoupling. 

1be altitude and dista11ce to the coast of Cunene are comparable with 

those of Huila. 

1beref ore for the time being it is assumed that the average wind speed 

in Cunene has the same order of magnitude as in Lubango. 

To obtain more suitable wind data it is necessary to monitor the wi!ld 

speed on several locations in the fllentioned provinces. 1be best way is 

recordi1.g the wind speed distribution. 

Suitable locations have a flat surrcunding with few obstacles and with 

wells in the neighbourhood. In Caracul~ and Virei in Namibe and Chiange 

and Lufinda in Huila. windrunmeters have been installed. For safety 

reasons locations north and east of Lubango as well as Cunene could not 

be visited but also in these regions. on suitable locations anenometers 

should be installed. . . . - - . 
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The rotor rotational speed and axial thrust force on the rotor are liaited 

and regulated by turning the rotor side ways to be achieved by means 

of a hinged vane. The regulations and safety systet1S are based on a 

balance between the yaV:...ng moment caused by the axial force on the rotor 

and an opposite .-ent provided by .the inclined bing- or spring loaded 

vane. 

The ll:ill can be closed down by means of a furling mechanism to be acti­

vated on ground level. 

Based on the same design concept last decades lighter-weight and cheaper 

windpuaps have been developed (fig. 5.2 and 5.3). These windpuaps are 

siapler to manufacture and assemble and claia to have a better performance 

than the classic designs. Cast irc•n parts are avoided and grease lubri­

ficated roller bearings are used instead of oil-bath lubrificated sleeve 

bearings. 

Some designs have the reduction eliminated by allowing a higher rotational 

speed. The higher pumprod forces have to be limited by using air chambers. 

For use in boreholes physical restrictions make it difficult to apply 

airchambers and thus the use of this design. 

Of these "cost-effective" designs it is known that they are not as proven 

and reliab~e as the classic designs what means shorter maintenance inter­

vals and higher maintenance and repair costs. 

The pump is of a simple design, usually equipped with flat valves and 

leather piston cups. The materials used are bronze, cast iron, galvanised 

steel or stainless steel. 

I I I 
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Fig. 5.2 Mod~,n direct acting windpump (6 en 7,5 ~. diameter), 
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5.5.2 Hain coapon™ 

Below follows a brief description of the main components of a wiodpWllp. 

The rotor 

In fig. 5.1 and 5.2 SOiie examples of rotors are given, which all have 

in COIBOD curved steel plate blades mounted on s scructure of galvanised 

pipes or rolled angle iron rings. The hub of this structure is bolted 

or keyt!U to the rotorshaft. 

The classic design uses cast hubs, while modern designs use welded huhs 

froa steel plate or tube. 

Y.achine operations are cutting, rolling, bending and drilling what can 

be done on universal machines. 

The head construction and transmission 

The main body of a windpump is the head frame, normally an iron casting 

which needs some machining to fairly narrow tolerance, especially foe 

the rotorshaft line up. Where the classic design uses oil-bath 

lubrification for transmission and bearings, the modern design uses a 

welded support from angle iron or tubes, earring bearing blocks (for 

a detailed parts list see annex 8). 

As a result, all modern designs all are of the direct drive type as gears 

are difficult to integrate in such a head construction. 

The crank case of a classic design is a rather complicated part to cast. 

A welded one of steel plates can be an alternative. 

Machining can be done in universal lathes and simple milling machines. 

Manufacture operations such as drilling and threads production could 

be carried out with a simple pillar drilling machine and hand tools. 

As foundry facilities are available simple parts could be cast such as 

connecting rods, gearwheels and other small parts. 

As no special steel qualities are required, normal carbon steel will 

meet the specifications. 



Yawing and furling aechanisa 

'!be yawing aP.d furling mechanism consists of the vane assembly, a lever 

mechanism to swing the vane over 90 degrees and an operating W!Chanism 

consist.ing of a hand vbinch or wooden lever and a steel wire chain or 

cable with guides. Main •terials are sheet, angle and strip iron. 

Principle machine operations are cutting, welding, drilling and bending. 

'!be yaw bearing assembly varies from bronze sleeve-bearings to balls 

or rollers in cast iron housings. 

'lb~ bearing parts can be machined on a universal lathe and a high 

accurracy is not required. 

'!be tower 

'!be tower usually is a 3 or 4 legged lattice tower of angle iron bolted 

together. '!be girts are also of angle iron when the braces are of llllgle 

iron for the bigger DLills and strip or wire for the smaller ones. A tower 

can be produced by relatively low skill~~ mechanics. 

The pump 

Commercial available pumps are cast, some all bronze, others with cast 

iron cylinders and bronze linings. Pumps of this type, have a proven 

reliability and the lifetime of the leather cups is good. '!be pumprods 

are of round galvanised mildsteel. Parts can be machined on a universal 

lathe. 

Modern designs try to avoid f oudry technics and use appropriate techno­

logies or imported parts such as stainless steel or bronze cylinders. 

As foundry faci1 ities are available the classic design could be used. 



5.5.3 Manufacture 

Although a windai.11 seems to be a relatively simple piece of machinery, 

especially the production of the head, the transmission and the pump 

needs a good level of skill to guarantee reliability and a sufficient 

long lifetime, as well as the interchargeability of parts. 
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Regarding the type of the end-use of the windpuaps, t.'le production should 

be based on a fully developed, reliable, windpump design rather than 

a newly developed one. 

Hain components such as rotor, yawing and furling mechanism, tower and 

parts such as puap rods can be •de locally. During the first two years 

of the production it will be necessary to purchase parts from a foreign 

windpuap mnufacturer according to table 7.1 in order to build up the 

local production of these parts gradually. On this basis skill and 

capability of the met6l workshop can expand gradually while a fast 

start-up of the windpump production is achieved. 

'lbe development and implementation of adequate manufacturing technologies 

regarding the gradual substitution of imported components and parts 

requires foreign technical expertise. Within the scope of this development 

one has to decide if components like cranck case and wheel hub should 

be welded or casted. 

Initially the production will be based on a 14 feet (4.2 m) geared 

windpump. On the longer term there is a need for different rotor sizes. 

'lbe bigger types with rotor diameters above 5 m. are not more complicated 

but due to the ~imensions more difficult to handle. A comparison between 

the classic design and modern direct acting mills show a 50% weight 

reduction for the latter. For the manufacture of a bigger type it is 

advised also to consider the use of a modern design. 

I 
------------ - -----

I 
I ! 
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6 MARKET AND PLANT CAPACITY 

6.1 Product specification~ 

Windpumps are and will be used in remote areas, where service and main­

tenance intervals have to be large in order to limit exploitation costs 

and out operation periods. A high reliability of the windpump is the 

main selection criterium. 

For this reason the windpumps under consideration are of the classic 

type, with a minimum of frequently changing parts and a minimum of 

operational failures. 1be only parts to be replaced with some frequency 

are the pumpcups. 

1be maintenance interval is determinated by the yearly oiling interval. 

1be lifetime of the pumpcups is variable but one year is considered to 

be the minimum. As an illustration: some windpumps in Angola have been 

pumping for ten years with the same pumpcups without any maintenance. 

In appendix A 7 an analysis has been made of the required rotorsizes 

in relation to the ground water resoJrces. In order to match the windpump 

diameter to the w~ll capacity, a range of windpumps with different rotor­

sjzes should be avajlable. 

To reduce the number of different rotorsizes to manufacture, taken into 

account the water needs and the different windregimes the 14 and ZS feet 

windpumps are most indicated. 

I I I 
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6.2 Applications 

1be average capacity of a 14 feet and 25 feet windpump is given in fig. 

6.1 and table 6.1. Hain parameters herein are the aver~ge windspeed and 

the rotordiameter. 1be output prediction is based on the average pumping 

height as given in chapter 4. 

For drinking water applications it is assumed that human beings consume 

25 liters per day if the water has to be carried home (reference 6). 

For live stock the water needs are given in tabel 6.2. 

For agriculture purposes an average water need of 60 m'/day is assumed 

to irrigate 1 ha (ref. 7). 

In Huila and Cunene this demand can be fulfilled with big windmills (up 

to 25 feet). In Namibe the same windmill seize can irrigate 2,4 ha. due 

to better windconditions. 

Other applications such as traction of small agricultural machines are 

possible but only known as private initiatives. In this area no coDDDercial 

activities are known. 1lie bottleneck is the available shaft power (range 

120 - 340 Watt as an equivalent qf the average water output) which is 

relatively low and not constant. Except for waterlifting no other appli­

cations will be considered. 

Resuming, three main categories of windmill applications can be inden­

tified: 

1. Windpumps for human drinking water in the rural, sprawling settlements 

and nomads areas. 

2. Windpumps for sedentary farmers in behalf of irrigated agriculture 

and live stock watering. 

3. Windpumps for nomads in behalf of live stock watering. 
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Pump A (14 feet) Pump B (25 feet) 

Namibe Huila/Cunene Namibe Huila/Cunene 

Daily yield SO m' /day 16 m' /day 132m'/day SO m' /day 

Irrigateble area 0,76 ha 0,23 ha 2,20 ha 0,76 ha 

Livestock 
lcovs 40 l/day 

llSO 3SO 3300 1150 

Families 368 112 1060 368 5 persons 125 1 

Nomadic families 22 7 63 22 livestock and human 
beings 

Table 6 .1 Applications of vindpum;s 

i5pecies Liter of water/day 

Horses 

Q,vs 

Milk-cow in 
production 

Sheep and goats 

Lectating ~:>w 
I 

!Poultry 

' Table 6.2 Water need for livestock 

30 - 40 

20 - 40 

70 - 100 

1 - 5 

3 - 5 

25 

0,2 - 0,3 

. 



6.3 Delland present and future 

Obviously a potential dellaDd for vaterlif ting equipment exists which 

cannot be fulfilled at the moment, due to a lack of imports and 

production. 
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The de1181ld on short tera is concentrated on the main categories 1 and 

3 (hUll8.ll drinking water and live stock watering). At the moment no small 

scale vaterpuaps are used for irrigation. There also is no tradition 

with it. There is an urgent need for the reconstruction of the 

infrastructure in relation with the rehabilitation of about 1200 boreholes 

llade before independence and equiping theSE: with pumps in order to meet 

the present water need. This has been recognised by the central and local 

authorities to be a top priority. 

Fieldtrips and study of the windcli.aate show that about 50% of the present 

boreholes can be equipped with windpuaps (chapter 3.4). This leads to 

the following number nf windpumps to be installed: Namibe 320, Huila 

170 and Cunene 110, totally 600 windpumps. 

It is stated by the Ministry of Agriculture that in nomad areas urgent 

lif estock water needs could be supplied by installing windpumps at 

distances of 15 km. 

Not taking into account the national pares, it is estimated that one 

third of the fifth region is used by nomads. n1is also leads to a total 

demand of approximately 600 windpumps, what should be needed on short 

term to meet priorities set by the government. 

The short term demand for windpumps can be fulfilled according to the 

progress of the restoration of the infrastructure (reparation of water 

tanks, cleaning of tubewells etc.). 

When production of windmills starts, first locations could be available 

to start installation. 

According to the water consumption data of par. 6.2 and the population 

and livestock data of par. 3.2 the total demand for windpumps is estimated 

to be 1200 windpumps. In this case drinking water needs for livestock 

and human beings in remote areas is fulfilled by means of windenergy. 
I 

In Huil~ and Cunene the introduction of bigger windmills (25 feet) will 

be necessary due to less favourable windconditions. 
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'Ille development of irrigated agriculture can cause a dell8Dd for vindpumps 

on the long tera. 

A priority set by the Governaent is the reduction of the present level 

of food iaports. For this purpose a reconstruction prograame has been 

proposed, aiaing at: 

1. the production of maize, being the staple diet of the local population. 

2. the achievement of production vol1111es that generate surplus of sub­

sistence needs in order to feed the expanding urban populations. 

3. the providing of the necessary support and infrastructure for 

resettlement of farmers. 

In this respect the development of rainfed agriculture has short-term 

priority because of its substantial potentials. Nev irrigation develor­

ments with national resources is considered a long-term priority. It 

takes a long time to create a tradition of irrigated farming, which could 

contribute to the mitigation of the crises concerning local rural food 

supply and the commercial exploitation of high value crops. Some prepa­

ratory projects for the development of irrigated agriculture have been 

planned. 

North of the 15° parallel rainfall is sufficiently reliable for the 

cultivation of crops like maize and potatoes. Irrigation should in the 

first instance be focused on the area sou~h of the 15° parallel where 

rainfed cultivation, besides some fast maturing crops like millet, pulses 

or sorghum, is not possible. 

Within the total investments, needed for irrigation of 1 ha., pumped 

from a borehole the vindpump is not a dominating part, as is showed in 

fig. 6.2. 
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Fig. 6.2 Investments, needed for the irrigation of 1 ha. 

Boreholes with good capacities should be equipped with pumps of sufficient 

capacity to atteign an economic exploitation. From the present wells 

in Namibe 51%, in Huila 36% and in Cunene 27% have a capacity meeting 

the maximum pumping capacity of a windmill. 

Some remarks are: 

- In an economic evaluation motorpumps have to be considered as an 

alternative as more infrastructure will be needed in case of irrigation 

than for cattle raising. 

Near rivers irrigated agriculture always will be more feasible compared 

to drier areas where boreholes are needed. 

In a situation of high pumping rates and low delivery heads windpumps 

are not recommanded, taking into account the average windspeeds. 

- Irrigation pro~~cts ,n a small scale (1 ha) don't have a high priority 

as food supply is the first priority. 
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Based on these findings it is concluded that there is no obvious windpump 

market for irrigation purposes on the short tera. On the longer term 

511811 scale irrigation could be developed and could fora a market. This 

market, which could develop end 1990's is difficult to quantify at this 

stage. 

6.4 Market voluae 

Based on the analysis 11ade in par. 6.3 one arrives at a potential market 

voluae within the fifth region of: 

- 600 windpuaps on the short tena 

- 1200 windpU11ps as the total demand based on present needs. 

As sales should start in 1990 a certain arrear 11arket should have a 

positive influence on the sales. The esti.JDated lifetime of a windpuap 

is 15-20 years. Taking into account the total demand and the replacement 

demand the average sales can be 100 windpumps a year. 

The real market volume depends on the actual number of boreholes, which 

is available for installing windpumps. 

According to the expected number of operational tubewells of par. 4.2 

one arrives at estimations of attainable sales volumes of Table 6.3. 

The demand for windpwr.ps is based on the assumption that 50% of the wells 

are situated at windy locations (par. 3.2). Sales can equal the demand 

in order to meet the governmental goal to fulfill water needs. 

1987 I 1988 1989 1990 1991 1992 

New wells 9 31 60 70 100 140 

Total demand 
for windpumps 4 15 30 35 53 70 

Sales - - - 35 53 70 

Table 6.3 Sales forecast 

Total 

410 

207 

158 



6.5 Prices of windpumps 

Prices vary according to capacity rating and to the brand. Also the 

quantity of purchases is of influence. Some of the most common brands 

are Comet and Southern Cross (Australia), Fiasa (Argentinia), Climax 

(Ziababwe) and Fortuna (Brasil). 
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In ref. 8 an analysis is given of manufacturers and products (data 1982). 

One arrives at the conclusions that the cost per 5C1taare meter of rotor 

is relatively independent of machine size (or diameter). A price range 

of 150 - 600 USD/m 2 is given. American and European windmills are more 

expensive, compared to the Australian and Asian ones. Two leading American 

factories (Dempster and Aermotor) have been closed a few years ago as 

they were not able to compete with other manufacturers. 

Windpumps at low prices often have a short lifetime and a short 

maintenance interval (e.g. lubrification intervals). Often the private 

owner does the maintenance and (small) reprais himself. It is judged 

these windpumps do not meet the specifications required. Based on ref. 

8 and an analysis made of f .o.b. prices, i.a. offered by Southern Cross 

and Fiasa showed a price range of 250 - 350 USD/m 2
, for rotorsizes from 

8 up to 25 feet. 

This results in a price range as follows: 

Rotorsize Prices f .o.b. 
Max Min 

14 feet 5.000 3.575 

25 feet 16.000 11.400 

Table 6.4 Sales prices (USD) per unit 

In annex 11 Sothern Cross offers a 14 

USD 6,000.--. This price will be used 
I 

I 

I 

I 

I 

I I 

I I 

I I I 

I I I 

I I I 

Price s c.i.f. 
Max Hin 

6. 000 4.200 

19. 000 13.100 

feet windp ump with a 9 m tower for 

nancial evaluation. for the f i 
I I 

I 

I 

I 

I 

I 

I 

I 

I I 

I I 



6.6 Production programme 

As a result of the analysis of wind conditions, water recources, water 

demand and windpump parameters (paragraph's 4 and 6,1) it is concluded 

that at least two sizes of windpumps should be produced: a 14 feet 

rotordiameter and a 25 feet rotordiameter windpump. 

As a 14 feet windpump appears to be applicable in most situations for 

the short term demand, it is recommended to start with the development 

of the mar.ufacture of this type. After 3 to 4 years the introduction of 

a 25 feet windpump can be realised based on thorough design evaluation 

and det?il engineering. 
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'Ibree options will be considered: the production of the windpnmps by atEL, 
by Hetafus and as a base case in an isolated plant. For production of 

the windpumps the choice of F.mel and Hetaf us from all existing metalworking 

workshops in the fifth region of Angola has been justified in par. 3.3. 

Actual production by the Hetafus factory can start in 1990 after a certain 

preparatory period. If an isolated production facility has to be set up 

the total preparatory period will be one year longer due to the 

construction of the workshop. Production by the new factory of .F.mel could 

start in 1990 according to the planning of the EMEL project but, as the 

start up of such a plant is time consuming the total preparatory period 

will be the same as for the isolated production facility. 

'nle production of windpumps is based on a gradual increasement of local 

produced components. During the first year(s) more complicated parts will 

be imported. End assembly (tower, rotor and mainvane) is realised at the 

site. In the fourth production year full capacity can be achieved (100 

units as stated in par. 6.4). 

~ear of 
project implementation 1 2 3 4 5 - 15 

1. Isolated plant prep. - 35 53 70 100 

2. Production by F.mel period - 35 53 70 100 

3. Production by Metaf us 35 53 70 100 100 

Table 6.5 Estimated ~rpduction 

II I 
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7. MATERIALS AND INPUTS 

7.1 Materials and components 

It is assumed as a start most of the head assembly will be imported at 

an estimated cost of USD 800,-- per unit. If more complicated parts (head­

frame and hub) are casted locally, labour will increase as well as the 

quantity of imported semiprocessed materials. 

In table 7. 1 and 7. 2 a list of the main parts and materials to be 

purchased is given in the first and fourth year of production. By making 

more components locally, material cost will be USD 400 lover. Most of 

the raw materials arc imported, however not necessarily by the production 

unit itself. As most of the raw materials are common construction items, 

the existing import channels could be used. It is assumed that prices 

are equal the world market prices c.i.f. Angola. 

On the local market only corrugated sheets and tubes are available but 

production is not regular and products are of limited dimensions. 

For locally made castings scrap iron and bronze is used at transport 

costs. If other materials or parts of good quality such as paint or bolts 

and nuts from local manufacturers will become regularly obtainable imports 

could decrease more. Due to communication difficulties and long 

transportlines it is advisable to have a minimum stock of a half of the 

year production. 

7.2 Utilities 

The vroduction of windmills requires utilities such as electricity, water, 

fuel and compressed air, but not beyond normal workshop requirements. 

The cost of utilities is expected to amount USD 2000 in the first 

production year and USD 3000 at full capacity. 



Components 

Semi 
processed 
materials 

Imports 

Wheel hub 

Main shaft assy 

Pitman assy 

Crank case 

Buff er device 
} 

Bolts and nuts 

Springs } 

Pump cups 

Paint 

Bearings 

Sheet (> 0,5 DBD thickness) 

Shaft (various) 

Strip (various) 

Angle iron (various) 

Tubes ( inch thickness) 

Welding electrodes 

Total costs imported materials 

Unit price (USD) 

100 

150 

200 

250 

60 

40 
+ -

800 

2sokg a J,50 

50kg a 2 

lOOkg a 1 

SOOkg a 1 

150kg a 2 

·3k8 a Jo 
+ 

1.400 

USD 2,200 
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Locally produced 

Blades 

Wheel arms 

Main vane 

Vane structure 

Tower 

Pumprod 

Drop pipe 

Pump barrel 

Piston and valves 

Scrap iron 

Wood 

Bronze 

1ubes (< 1 inch diam.) 

Sheet (< 0,5 am thickn. 

Table 7.1 Parts/components for windpump manufacture at the start 

of the project and material cost/unit 



Imports 

Ccxaponents Springs 

Total value 

Semi 
processed 
materials 

Total value 

Bolts and nuts 

Paint 

Bearings 

USD 200 

Sheet (> 0,5 •) 

Shaft 

Str;i.p 

Angle iron 

Tubes (> inch) 

Welding electrodes 

USD 1,600 

Total costs 
imnorted materials USD 1 • 800 

Locally produced 

Jlades 

Wheel arms 

Wheel hub 

Mainshaf t assy 

Crante case 

Buff er device 

Pitman assy 

Hain vane 

Vane structure 

Tower 

Pump rod 

Drop pipe 

Pump barrel 

Piston and values 

Pumps cups 

Scrap iron 

Wood 

Bronze 

Tubes (< 1 inch) 

Sheet (< 0,5 aa) 

Table 7.2 Parts/components for windpumps manufacture 

after 4 years of operation and material cost/unit 



7.3 Spareparts 

1be value of spareparts at full production capacity is estimated to be 

USD 3000 a year (ca. 2% of the investment in machines and vehicles). 

1bis is an ave1·age V3lue as vehicles relatively will need more spares 

than production machines. It is advised to procure sparepartj once a 

year. 

7.4 Variable cost 

Variable costs are given for the first 3 years of production in table 
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7.3. However the value of imported materials decreases, labour cost 

increase. Direct labour varies from 150 hours in the first year to 250 

hours per windmill in the third year at an average hourly wage of USD 

2,--. Wages ~ary from USD 1.50 for an apprentice to USD 2,50 for a skilled 

labourer. 

Item· Year of production 

1 2 3 - 15 

Components (iqm ted )I 800 400 200 

Foreign raw mat. (:iqoted) 1400 1500 1600 

Local raw mat. 50 75 100 

Direct labour 300 .400 500 

Total 2550 2375 2400 

Table 7.3 Variable cost in USD/unit 
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8. LOCATION AND SITE 

The fifth region ccnsists of three provinces each with their own autonomy. 

In Lubango, the capital of Huila, projects concerning the fifth region 

are coordinated. Furthermore in Lubango the best metal workshops of the 
region are settled. 

It is concluded the production unit should be situated in Lubango. The 

cost of land and infrastructure such as roads has not been taken into 

account as building sites can be provided by the government. 



' 

' 

9. PROJECT ENGINEERING 

9.1 Production process 

The manufacture of windpumps has the following sequence: 

1. Inspection and storage of incOlli.ng materials, parts and components 

according to table 7.1. 

2. Production of parts and components 

3. Coating 

4. Subassembly of e.g. head, furling mechanism 

5. Storage of finished subassemblies and parts 

The flow of materials and c0111ponents is given in fig. 9.1. 

--------1 
lsupply of raw 
I materials I 

lparts J 
------

Fig. 9.1 Plant 

office I 
++ 

Storage of 
parts and 
materials 

++ 

Storage of 
finished goods 

lay-out 

' 

' 

' 

' 

+-

' 

' 

' 

' 

' 

' 

' 

' 

' 

' 

' 

' 

' 

' 

' 

' 

' 

Production of 
components 

Pai tial 
assembly 

++ 

Coating 
+ 
+ 
+ +- +- +-
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9.2 Equipment and machinery 

For the production process machinery and equipment is needed according 

to table 9.1. All items have to be imported and are average world market 

prices. 

Vehicles USD 55.000 

Hacksaw USD 3.500 

Drilling machine USD 5.000 

Universal lathe USD 25.000 

Milling mchine USD 25.000 

Welding and cutting equipment USD 15.000 

Compressor with accesoires USD 10.000 

Sheet metal bender and -roller USD 21.500 

Hand tools of various types USD 5.000 + 

Total cost3 machinery and equipment USD 175.000 

Table 9.1 Costs of equipment and machinery for an isolated plant 

If production is integrated within the existing workshop Metafus 

investments in hacksaw, universal lathe, milling :nachine, welding 

9<1uipment and cutting equipment can be omitted. The allocated costs for 

equipment and machinery for the production by Metaf us is given in table 

9.2. 
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Truck USD 40.000 

Drilling machine USD 5.000 

Compressor with accessoires USD 10.000 

Sheet metal bender and -roller USD 21.500 

Hand tools USD 5.000 

Existing machinery USD 58.500 
+ 

Total USD 140.000 

Table 9.2 Cost of equipment and machinery production by Hetafus/EMEL 

If production takes place within :tMEl.. part of the investments have to 

be allocated to windpumpproduction. It is expected investment in machines 

and equipment is comparable with the data from table 9.2. 

The average annual depreciation rate of machines and equipment is 12,5% 

and for vehicles 25%. 



9.3 Civil works 

'lbe civil works for an isolated plant consists of site preparation and 

the construction of a production building of ca. 2000 • 2
• 

'lbe costs of the civil works for a building including provisions for 

electricity, water and compressed air have been stipulated to USD 250.000 

with a depreciation percentage of 4%. 

If production is integrated within the Metaf us workshop, adaptations 

of the building are necessary. The costs of these adaptations including 

the allocated costs of the present building are estimated on USD 150.000. 

In case of the production integrated within atEL building cost are 

COllparable with those of the isolated plant (USD 200.000). 
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9.4 HUllall resources 

Though Hetafu.<; is relatively well equipe-J, one has no actual experience 

working vi.th construction drawings. In behalf of the development of the 

production of 110re c011plicated parts and the development of a certain 

level of quality control and skills it is necessary having a drawing 

cabinete. Training of local draftS1181l and engineers by a foreign expert 

is of vital iaportance to create a technological basis for the 

continuation of the production on the long tera. 

The allocated manpower for the production of vindpuaps by Hetafus is 

given in table 9.3. For production of vindpuaps by etEL th~ saae mnpover 

will be required as for Hetafus. For an isolated plant the estimated 

118Dpover also is given in table 9.3. 

The contribution of the foreign experts is given in table 9.5. The 

existing workshops vi.11 need less support than an isolated plant, specially 

administrative assistance. Besides activities related to the production of 

vindpumps the experts shall have to assist in related activities e.g. site 

selection {chapter 11 and 12). 



Production unit isolated 

a - Director 1 

b - Mechanical engineer 1 

c - Draftsman 1 

d - Chief workshop 1 

e - Machinist (skilled) 1 

f - Welder/Caster (skilled) 2 

g - Sheet metal worker (skilled) 2 

h - Mechanic (skilled) 1 

i - Apprentices 7 

j - Painter 1 

k - Bookkeeper 0,5 

1 - Secretary 0,5 

• - Driver 1 

n - r..Jard/cleaner 2 

Total 22 

Table 9.3 Estimstion of allocated manpower 
(production capacity 100 windpumps/year) 
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mEL/Hetaf us 

0,5 

0,5 

0,5 

0,5 

1 

2 

2 

1 

7 

1 

0,5 

0,5 

0,5 

1 

19 



The salaries of lllllllpower under a, k, 1, m and n are adainistration labour 

cost and under b, c and d factory overheads. In table 9.4 the indirect 

labour cost is given based on monthly salaries at an exchange rate of 

1 USD = 30 kvanzas. E up to j are direct cost and mentioned under chapter 

7.3. 

Factory overheads (USD) Isolated DfEL/Hetaf us 

Mechanical Engineer 10.000 5.000 

Draf tsaan 6.000 6.000 

Chief wrkshop 8.000 4.000 

Total 24.000 15.000 

Administration cost 

Director 11.000 6.000 

Bookkeeper 2.500 2.500 

Secretary 2.500 2.500 

Driver 4.000 2.000 

Guard/cleaner 2.000 1.000 

Total 22.000 14.000 

Tabel 9.4 Indirect labour cost 



Isolated plant year of production 

1 2 3 4 

Technical 

(factory overheads) 

% of ti.ae 100 100 100 so 
cost 100.000 100.000 100.000 50.000 

Adainistrative 

% of ti.Ile 100 75 so 25 

cost 100.000 75.000 50.000 25.000 

DIEL/Metaf us 

Technical _. 

% of ti.lie 100 75 so 25 

cost 100.000 75.000 50.000 25.000 

Administrative 

% of ti.lie so 25 10 10 

cost 50.000 25.000 10.000 10.000 

Table 9.5 Contribution of foreign experts 

cost are according to UNDP proforma-costs 

(coat in USD) 
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5 6 - 15 

25 0 

25.000 0 

0 0 

o· 0 

0 (j 

0 0 

0 0 

0 0 



Ill 
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10. PLANT ORGANIZATION 

An organigram of an isolated plant is given in fig. 10.1. On the level 

of field supervision and workshop management foreign (or local) experts 

should be employed during the first years. Transfer of knowhow by means 

of on the job training and courses is an important aspect of the experts 

tasks. 

r-- - - -...., 
I I 

Direction I 

I ~ 
Administration Drawing 

off ice 

~ ~----..., 

Workshop I 
management L!J 

. 

I I I 
Coating Workshop Store 

F.mballage - steel metal work 

- machining 

- welding 

- assembly 

*' Foreign expert 

Fig. 10. 1 Organigram of the plant 

The organigram of both FMEL and Metafus is given in appendix 1. The 
I 

organisation of windproduction fits within the planned organisation of 

the EMEL plant. For the existing Metafus plant a drawing offi~e should 

be added. 



11. FINANCIAL AND ECONOMIC EVALUATION 

11.1 Economic and financial data 

The three analysed options are: 

- isolated plant 
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- production within Hetafus 

- production within Emel 

For Hetafu& analyses have been made. One without taxes to take into 

consideration (as for Emel and the isolated plant), and one taking into 

account a tax rate of 50% considering tax payments to start when an 

accumulated net cashflow has been achieved (carry foreward losses). 

Main financial parameters: 

Regarding the sources of funds it is assumed that 33% of the total 

investment is local equity. The other 67% is a foreign loan at an interest 

rate of 10% (being a conservative assumption as in 1988 the National 

Bank of Angola accounted 8,5%). 

The considered grace period is ten years while disbursements start in 

the third year of production. 

Inflation in Angola is officially 0%, but imported materials and goods 

do suffer inflation. Inflation in the present financial and economic 

analysis however is 0%. 

The working capital is a result of the minimum stock of spareparts and 

materials as described in chapter 7. 

The working capital is given in table "Net Working Capital" of appendix 

9 for each case. 

The initial fixed investment is given in chapter 9.2 and 9.3: ((costs 

of equipment & machinery) & (civil works)) and in table "Total Initial 

Investments" of the three cases in appendix 9. The preproduction capital 

expenditures in this table is the interest to be paid over the first 

year of inv~stment. 
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'lbe total current investments are rare except for the reinvestments made 

in vehicles and machines when the depreciation period has been finished. 

If vehicles and machines still are used afterwards those investments 

could be lover. 'Ibis has a positive influence on the results. 

Sales forecast and salesprices have been given in chapter 6. In chapter 

7 the variable cost are given and in chapter 9.4 the indirect labour 

cost, split into factory overheads and administrative overheads. In the 

tables "total production costs" of the three cases in appendix 9 these 

data is given. 

I I I 
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11.2 Financial evaluation 

lbe financial evaluation was done for the following 3 alternatives: 

Isolated plant, F.mel, Metafus. 

In appendix 8 the results of the calculations made with help of the 

c<>11puter program COMFAR are presented in detail. lbe llllin results are 

presented in the sumaary sheets. lbe llllin financial data are swmarized 

in table 11.1. 

Isolated 

Case plant am!. Metaf us 

Initial investment cost total 440.400 385.500 300.000 

of which foreign 315.000 260.200 200.000 

Production cost in 

fifth year. Total 409.050 343.025 337.000 

of which foreign 290.400 236.700 234.900 

Total production, fifth year 100 100 100 

Total sales fifth year 600.0'JO 600.000 600.000 

Net prof it fifth year 190.950 256.975 365.100 

Pay-back period 

I.R.R. 22,7% 32,5% 36,8% 

Sales price/unit 6.000 6.000 6.000 

Cost/unit fifth year 4.090 3.430 3.370 

Table 11.1 Main results in USD 

* ' Isolated plant t~en as a base case 

' Initial investmen~ cost are lower if the production unit is integrated 

wi~hin an existin& workshop. For the project financing 66% was consi~ered 
' 

to be a foreign 19an as a preliminary assumption. 
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Cash-flow analyses show a cU11111Ulated net result in the sixth production 

year for the base case and one year earlier for Emel and Hetafus. NP-t 

cash flow is positive allready in the third, resp. second production 

year. 

The most important parameter for financial evaluation is the internal 

rate of return. For F.mP.l and Hetafus the IRR is comparable but give an 

opt:iaistic figure as the complete range of products was not considered 

within the limited scope of the present opportunity study. An analysis 

of the companies as a whole should be made as part of the pre-investment 

activities. If taxes payed according Angolean rates the IRR of the base 

case is 16,8%. A sensitivity analysis is given in par. 11.4. Based on 

analysis it can be concluded that the production of windpumps in Angola 

is feasible. The inteeration within an existing workshop gives better 

results than the isolated plant. Hetafus should be prefered as there 

allready exist~ production practice. 'lbe manufacture of winJpumps can 

approximately start one year earlier as in the case of FMEL, after the 

e1EL factory has been extended according to the existing planning. 



11.~ Sensitivity analysis 

Ir. the figures 11.1 to 11.5 a sensitivity analysis is presented. It can 

be concluded that (wi~out taxes) at relative lov sales prices (-20% 

= USD 4.800 with an I.R.R. of 11%) the IRR is higher than the interest 

rate of 10%. 

-76-

As the sales price is of importance on the results, it should be studied 

at what price the windpump could be sold in Angola. A sales price under 

USD 6,000.-- could be considered. 

The IRR is not very sensitive for variations of the fixed investments. 

If fixed investments are 20% higher, the !.R.R. is ca. 2% less. 

The influence on the break even point of the sales price is bigge~ than 

variations of variable cost and fixed cost. The break even point is 

achieved on 35 % of the production (ca. 500 windpumps). 
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11.4 National econ011ic and social benefits 

National benefits are determinated by considering the following aspects: 

1. Savings on foreign currency 

2. &ployaent 

3. Water supply in rural areas 

ad 1 lbe total production will be 1358 units in the accounting period 

(15 year). With a salesprice of USD 6.000 the total cash inflow 

is USD 8.148.000 

1be cash outflow in foreign cost is USD 4.111.000 resulting in 

savings on foreign currency of USO 4.037.000. 

ad 2 1be difference in employment for the three cases is relative small. 

Isolated unit: employees 22, total wrges paid USD 1.080.000. 

Integrated unit: employ~es 19, total wages paid usry 1.035.000. 

Related activities will have a positive influence or. the ~~ployment. 

ad 3 The total demand to solve present drinkin~-water needs has been 

stipulated tp be 1200 pumps. In the accounted period tuis quantity 

is prot·Jced a.id 11£rewith can meet the priorities set by the 

government. 

1be savings in foreign currency by making as many parts locally as 

possible reach USD 400/unit. For the accounting period this leads to 

USD 540,000.--. Besides this economic benefit, there is the technological 

aspect of being less dependent on foreign su~pliers and knowledge. 

1be results of this chapter may be finalized as follows: 

lbe financial and ec~nomic evaluation show the viability of the project 

(of all 3 alternatives) from the financial and national (social and 

economic) point of view. The best version is Metafus. 
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12. IMPLEMENTATION SCHEDULING OF mE WIND-PUMP PRODUCTION PROJEr.T 

As pointed out in chapter 6.5 a preparation period ~"ill be needed in 

order to be able to start the production ~f windpumps. For the 

establishment of the production unit within the existing work;hop Hetafus 

a time preliminary schedule has been made (fig. 12.1). The (oru.1 j 

difference between an establishment within the r~w rMEL plant or the 

Metafus plant is a longer construction period for EMEL. Compared ~"ith 

an isolated plant the construction period is shorter as well as the 

acquired presence of the foreign experts (par. 9.4). The activities during 

the preparatory period are: 

I Pre-investment activities (6 months) 

- Evaluation of existing machines and equipment. 

- Evaluation of the present human resources. 

- Evaluation of present plant organisation. 

- Engineering of civil structures. 

- Engineering of a first series of windpumps, including specifications 

of parts, raw materials and machines, to be imported and 

locally manufactured. 

- Drafting a call for tenders. 

- Evaluation of tenders. 

- Recoanendation for procurement and/or cooperation with foreign 

manufacturers. 

Detailed analysis of the sales prices for windpum~s. 

- Financial and economic evaluation of the workshop. 

- Determination of the conditions of financing the project. 

- (First phase of) local personel training. 



I -84-

II Investment activities 

1. Procurements; the purchase of the machines and firs1: materials. Every 

half year a shipment of l.'Bterials will arrive. 

2. Recrutement and installation of foreign experts. It is foreseen 2 

persons will be needed, for both technical and administrative tasks. 

3. Start up of the workshop, installation of the machin.es etc. 

4. Continuation of training of local staff including the set up of an 

eGgineering/drawing office. 'Ibis should start direct after the 

preinvestment a~tivities and can be done by training on the job, 

fellowships, and courses or studies. 

Ill Operational phase of the workshop 

5. Production of first series of windpumps &3 a try out with emphasis 

on training of the craftsman. 

6. Design/engineering in behalf of the local production of more 

complicated parts. Adaptions of the windpump construction, evaluating 

the production technologies to be used (welding instead of casting 

etc.). 

7. Installation and monitoring o.f the first series. This activity has 

to produce insight in the efficiency and quality of the windpump~. 

as well as the procedures for site selection and installation. 

IV Related activities 

8. Wind data collection as a continuation of the measurements started 

during the opportunity study. 

9. Organisation, set up and implementation of site selection, 

installation and Dl8intenance activities. 

Item 1 to 6 concern the project and only can start if sources of finance 

have been found. However it should not delay the training of local staff. 

'nle items 7, 8 and 9 concerns related activities which will benefit from 

the presence of the foreign experts. 'nle factory should be able to give 

advice on these activities. 



l 

Time (years) 

Production year 

Production capacity 

1. Pre-investment 
activities 

1 

Evaluation of tenders VlZl 

2. Procurements 

3. Foreign staff 
incl. recruitment 
Technical 

Administrative 

4. Workshop 
Start up 

s. Training of 
local staff 

6. Production 
start 

7. Constructive 
adaptations 

8. Installatlon and 
Monitoring of first 
wind pumps 

9. Winddata collection 

10. Site selections, 
installation and 
maintenance 

Production period 

2 3 4 

1 2 3 

F~.gure 12 .1 Time schedule of the project tmplementuion of an 

establishment of a production unit within Metafus and 

production of the wind-pumps. 
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5 - 16 

4 - 15 
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13. PROJECT RELATED ACTIVITIES 

Die main project related activities are: 

- winddata analysis 

- site selection 

- installation and maintenance 

Diese activities should be done in order to have windpumps properly used 

and to adrive a cost per cubic meter ~ater as low as possible in the 

given circumstances. Beside the economic aspect it is important to have 

a reliable water supply. Die best way to achieve a general acceptance 

of windenergy is to prove it in practice. 

Die above specified related activities could be executed by the provincial 

departments DNFRE, whic~ are being created. Within the UNDP-reconstruction 

programme for the fifth region (ref. 4) one of the high priority projects 

is setting up municipality polyvalent workshops. 

Fitting in existing structures the organigramme could be as shown in 

figure 13.1. It is not advisable to have installation and maintenance 

done by Hidromina (par. 3.4) as in the framework of reconstruction 

programme a reorganisation of Hidromina and the water management is 

foreseen. 
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I 
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I 

Ministry of 
Industry 

Production unit 
spare parts 

y DNFRE-MEP 

Fig. 13.1 Organisation of project related activities within 
existing structures 
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---- support (administrative, technical and financial) 
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I 
I Hidromina I 
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During ~e mission all relevant metal workshops within the fifth region 

were visited. In the following a brief description is given of these 

workshops being: 

- Metaf us 

- F.mel 
- Cami.nha de ferro Hocamedes 

- Ermanal 
- Metaloaecanica 

- Alf ag 

- Metalvi 

- Fain 

- Sometal 



Naae 

Place 

Organisation 

Personnel 

Urigine 

Typical products 

Machines 

Supply of materials 

Coments 

Development 
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Hetaf us 

Lubango 

Private Company ($ee organigra111ae) 

About 120 
No graduated labourers but experien=ed people 
available. Alfabetisation courses are given. 

Foundry, metal workshop 

Al cast pressure cookers 
Iron cast parts fQ!' agricultural .achines 
Dollestic articles 
Metal sheet cabines 
On request all kinds of products a.o. handpuaps 
for Unicef 

Foundry ovens (1500 kg) charcoal ~d diesel 
heated 
Universal lathe (5) 
Hilling •chine 
Planing .achine (small) 
Rack saw 
Welding equipment 
Guilotine 
Bending machin~s 

lllport of special products; bearings 
Rav materials a.o. cast al 
Scrap iron is uqed for casting 

J. good managed company 
Rave experience with fabrication of series 
Not working from drawings but are very inventive 
Problems with supply of materials due to 
transport and importrestrictions 
Hode!'n machines 

EF.G project to buy two electro-ovens and an 
sandblasting equipment is ongoing. 
Company builds its own workshop and of fices 
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Name 

Place 

Organisation 

Personnel 

Origine 

Typical products 

Machines 

Supply of materials 

Coanents 

Development 

Some project data * 
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Lubango 

State company 

About 90 
No graduated labourers 

Sheet metal workshop 
Repair and maintenance workshop 

Closets, beds, chairs 

Welding equipment 
Hand tools 
Machine equipment generally old and in an 
deplorable state 

Imported 

Productivity is low also because of the 
construction of a new workshop. Problems with 
the supply of materials 

Construction of a new workshop has started 
for the production of agricultural machines. 
The project is executing by the Ministry 
of Industry with financial help of 
the EEC and Caisse Francaise 
In 1990 the production is planned to start, 
but end 1988 only some navvy work has 
been completed. 

personnel 

investments 

labourers 104 
medium level employers 
economists 
engineers 
foreign staff 
(Portugese nationality) 

23 
2 
2 
8 

buildings 
machines 
vehicles 
others 
';otal 

6 114 106 kwz 
43 • 106 kwz 
4,5 • 106 kwz 

53 106 kwz 
215 • 10 kwz 

1 usd • 30,2 kwz 

estimated turn over : about 130 - 106 kwz 

products: small agriculture machines such as 
ploughs 

* - I Report "Implanta~ao duma fabrica metalo-mecanica" Prof. Dr. Matos 
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Place 

Organisation 

Personnel 

Origine 

Typical products 

Machines 

Supply of materials 

Conmen ts 

Development 
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CFM (Caminha de ferro Mo1Famedes) 

Lubango 

State company 

About 260 of which 50 experienced 

Maintenance workshop for the railroad, foundry 

Repair and maintenance of wagons and 
locomotives. work upnn request. 

Lathes of various sizes; vertical Ir.the 
Milling machine 
Welding and cutting equipment 
C.pressor 
780 kVa back-up generator 
1800 kg electro-oven 

Poor, scrap iron 

A very good equipped workshop but machines 
are dated and lack c:aintenance. There is a 
complete foundry laboratory which is ~losP-d 
due to lack of qualified personnel. More than 
half of the personnel is 40 years or older. 
Young trained people are requested upon by 
the army. There is no practice of working from 
drawings. There are 35 Cuban cooperants 
Lack materials and spareparts. 

No present projects but the need of 
rehabilitating the workshop is acknowledged. 
Proposals have been made within the frame work 
of the reconstruction program for the fifth 
region by the UNDP. 



Name 

Place 

Organisation 

Personnel 

Origine 

Typical products 

Machines 

Supply of material 

Coaments 

Developement 

Ermanal 

Namibe 

State company 

about 15 

Repairworkshop for the fishery 

Repair of boats 

Lathes 
Bending machines 
Hack saw 

Poor. Who wants something repaired has to 
deliver the materials. 

Poor management 
Worn out machines 
No skilled personnel 

Non 
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Name 

Place 

Organisation 

Personnel 

Origine 

Typical products 

Hach in es 

Supply of materials 

Conmen ts 

Development 

Al -8-

Hetalomecanica 

Namibe 

State company 

About !O 

Sheet metal workshop 

Doors, fences 

4 lathes 
Welding equipment 

Poor 

Worn out machines (only one lathe could work) 
Poor management 
No skilled personnel 

Noo. 



Name 

Place 

Organisation 

Personnel 

Origine 

Typical products 

Machines 

Supply of materials 

Conaents 

Development 

Luanda 

State company 

Sheet metal workshop 

Agricultural machines 

Lathe 
Welding and cutting equipment 
Back saw 
etc. 

Imported 

Works in close cooperation with t'MEl. and is 
producing small agriculteral machines using 
some imported parts. 

Al -9-

ALFAG in Luanda and F.mel in Lubango are 
cooperating companies making both simular 
products. The development of these companies 
is an activity of the Ministry of Industry. 



Place 

Organisation 

Personnel 

Origine 

Typical produc.ts 

Machines 

Supply of 11aterials 

Coments 

Development 

Metal vi 

Luanda 

Private company 

About 100 

Foundry of fittings 

Wheel barrows 

'lllread cutting machines for fittings 
Lathes 
Milling machine 
Welding and cutting equipment 
Bending machine 
2 electro· ovens 

Imported 

Al -10-

Metalvi is a very c.Jmplete foundry and workshop 
but without graduated personnel. The company 
is operati~nal on low level 
The ovens do not work only a small one for 
Aluminium castin~ 

Prepar~:ion for a project is started, to 
rehabilitate the foundry. Due to financ~al 
restrictions progress is slow. 



Place 

Organisation 

Personnel 

Origine 

Typical products 

Machines 

Supply of materials 

Coments 

Development 

: EKIN 

Luanda 

State company 

About 100 

Repair workshop for industrial machines 

On request machine parts 

Al -11-

Lathes, milling machines, bench workmachines 

Imported. Supplied by the customer 

Good managed workshop 
Make complicated parts from drawings and 
archieve these 
Lack of graduated personnel 

An UNIDO project for the supply and installation 
of machines including training of personnel 
has ended. 
The project will be continued a.o. to set up 
3 better administration. 



Name 

Place 

Organisation 

Personnel 

Origine 

Typical products 

Machines 

Supply of materials 

Coamaents 

Developments 

Al -12-

3ometal 

Luanda 

Private company 

about 10, no graduated personnel 

Sheet metal workshop and foundry 

Watertanks 

Welding equipment, old machinery 

Imported 

Sometal once has been a good equipped and 
complete company 
At the moment practically no machine is 
operational except for welding equipment 

Non 
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Appendix A2 

Survey of existing wells equiped with vindpuaps 



In the following a survey is given of existing wells equiped with 

vindpuaps. The survey was made by Hidroaina in •rch 1988. 

A2 -1-



~/ 
APClllOt'CIR 

dllGli01Ca 
~ 

Aii20N010lt 

• 
• 
• • 

I 
• 
• 

I ~tolt 
• 
• 
• 
• .. 
• 
• 

-/ 
• 

nro 

AUCINOTOR 
• 

I 

I .. 
I .. 
I .. 
I • 

I 
.. .. 
.. 

I .. 
I .. 
I 

I .. 
.. 
.. 
.. 
" 
" 

.. .. 
" .. 

· .. 

19USA •ACIOIC& D& pe!_,s~•'l'Ud.'!!-t\!,, W!DilOi.l!A 

~~ -2-
•• 5?9 DAS C..tT~""QE:i E,&lt~ CCh ---~ :t,~CICGTOll.i.:i 

PllOHIClA DA lmfLA 

PClll'IVGAL m{U cmn6 !Pl!! 
• • Ga ms ,., .. GNll.&111& .. 
• .. ....a. si4/a1 • 

l'llOftllCJ 

PClllTUliAL CUllEJI& cmoc:. aof6S Ol'UA11?5 

• • • 'lo/H • 
• • • 99/65 INOP&aN'ts 
• ...., • 

I 1~:: OPIR.urta • • CU.lllATO .. 
• I • CuaGCA 1·~" • • • • 16516, • 

lftWfllCI A-llMl IS 

PCIRTUCiAL I ••1• c111t.cac , , 6149 - OftltAJIT& ti(' - -• llMIJ~ • a/42 • 
• I • .........., 

9/50 • 
• I • • 1of50 • 
• .. .. 12/SO • .. CARM:~O 14150 .. .. .. • la/50 • 
• • UllllJND 19/50 .. 
.. • Bl&.."-,\ 23/52 .. 

, 

PAUICAlll& PROVINC:IA 11u1uc.;rr1u I can~1i0 &STA&>O . 
l'ClllTOGAl. •Alll• 2.5/ 51 OPUAllT& CAJIACULO 

• .. I MUlllHlfff) i 27/51 • 
I • .. .. I 29/51 .. 

.. I .. • I 30/51 .. .. • CAR"CULC I 37/52 .. 
I .. .. MUNHIMO 40/57 .. 

.. • • I 43/52 .. .. " c...c~UL.u I 44/52 51 TUJll'i;Mo U1uCu;.tt&C. .. I .. .. I 47/57 .. " .. I .. .. I 
51/5J Ol'Mt, .. 'Ct& 

I I • .. Vlit.i.J 52/SJ Ot' .. ilA.'Ct& 
I I .. I 

" C • .it ,.CllL(I 56/5J Sl ltl"'i"-'1 tl:O.aC(..:,H...C. I I I 

" " 
.. I .. .. VliUU 57/SJ 

" " C...c,.CULC 61/.SJ OP.l.P...;.ta. 

" " C...R,.,CUL' - 69/53 i i. Tl! <Iii :ll. .,,..;.A~ .. ;o....,,;. 

" " c..a .\Ct:a.c 82/55 " 
" .. 81BHL-' 91135 " .. .. MU:fHl :'IC. 95155 " " .. .. 8184L .. 96/56 " " I .. .. ML'NHl ;-tO 96-~12 " " .. •• C,1R~ULC 98/56 " " 

I 

" " HUHHl . .O 100/56 " " 

\ 
I 
I 

I 



i 
i 

A2 -3-

nPO F.-?CAllD norr:CIA •UlllC1Pl0 C.APT.,.,.O .£StM>O 
1-~~;;.;.~~-+-~~...;;;~.;..;.;;.~-t~~---~-1---~----+-~~-:;.~-t--~~~-~----t 

dllClliOICla l'ClnUr.aL IWII:• 1
1 

lll'llHINO 101156 OnllAlfn 
• • • • 102/ST · • 

• • CAMU:U.O I 1051!11 ! • 
• .. • ::IUllN!..., I HY./ .58 I • 
• ' " CURCK;A_..D 165/./67 : 
• • • UB.\LA 169 67 
• I • • • ln/67 • . .. I . . 172167 • 
• I • • • :73/67 k .. . I . . 177/te SITU.,..O D&.SCORlllC. 
• • • .. l8ol68 • • 
• .. .. .. 185168 ,. .. P&•Allni. 
• • .. .. 199'68 
• • .. 2ai./70 
• • .. • 1•~/66 
• • • UROCA-l!IDRD 1: ;/ 67 
• • • • • 158167 
• 
• 
• .. .. 
• 
.. 
• 
• 
• 
• 
• .. .. .. .. .. 

rIPO 

A&ROhOTOI .. 
.. 
" 
• 

' 

I 

• • CMtAC--.0 124/ M .. 
• 
• .. .. 
• 
• 
• 
• • .. 
• 
" 
" 
" .. 

l'AllllJC&.U5 

Pal TUG AL .. 
.. 
" .. 

I 
f 

• 
• 
• 
.. 
• .. 
• 
" .. 
• .. 
.. 
• .. 

PROVfl'CI,\ 

N.¥11 Iii .. 
.. .. 
.. 

BIBAL& 219/72 
ftahlaf. ~23/73 .. 
CAIW;ULO 

• .. .. .. 

.. .. .. .. 

' I 
MU1'1JCtflO 

IBIBAL.\ .. 
f " 

I 
I 

228./73 
1.153 
2153 
3'54 
415' 
515' 
615' 

Ja/66 
51/66 
53/66 
S5t67 
S"l/67 
54167 
M/68 
86/69 

87/69 

50/70 

I 52/70 
I 53/70 

---L_._ .. __ l 5'/70 

SIC(jM 0& &STATfSTICA , no Conjen:te, eos 18 ite ~lar 

'• I .... 

• I 

SI !UM;~ aaa~.1 
GPiiRAHU ! 
: I 

:.1;[11~:_, "~""'"iC. I .. . 
- uraa4"Tli 
INDP&al.A::U 

• .. 
• 

SITUM;,.g ~liCC~HiC 0 .. .. 
.. 

::iJTUN,1'0 Uli~Ofittii>:• 
oper-t• .. 

r= li.:iTA...0 I I _______ _, 

I OP&RA.'fTI> .. 
" 
e .. 

----

\ 



A3 

Appendix 3 

Visited locations during the missions 



A3 -1-

P!'OY. Munici- Captation no. equipment faYourable remarks 
pality wind con-

ditions 

Gaabos 58/64 motorpmp J' watersupply 
Olibia vindpuap r in operation 
Gaabos 555/83 bandpmp n needs repair 
Gaabos 52/63 bandpmp J' needs repair 
Gaabos 33/62 DOD n vel obstructed 
Gaabos 51/63 band pump r nf'eds repair 
Gaabos Mpata non J' 

lluapata 514/81 lfi.ndpmp r needs repair 
Gaabos 41/63 DOD r 
Cbibia 638/88 DOD r new well 
Lu ban go open well vindpmp r needs repair 
Caraculo 172/67 c vindpmp J' in operation 

be Caraculo 8/49 c vindpmp J' needs repair 
Bibala 2 a/73 C Vindpmp J' i.a operation/ 

needs repair 
be Bibala 8/49 c non J' well to be cleaned 
be Bibala 7/49 non J' well to be cleaned 
be Bibala 69/72 Vindpuap J' needs repair 
be Bibala 217/72 handpuap r needs repair 
be Bibala 98/56 Vindpmp J' to be diSll8Dtled 
be Bibala vindpuap J' to be diS11aDtled 
be Bibala '1<../62 Vindpmp J' needs repair 
be Bibala motorpmp r under repair 
be Bibala 213/71 c non r vell obstructed 
be Bentiaba 2 open wells motorpap r irrigation Ben-

tiaba 
Bentiaba open vell vindpuap J' needs repair 

be Virei 202/70 c Wind11ump J' needs repair 
Virei 160/57 c handpuap y needs repair 
Virei 264/67 A vindpump J' in.o!)eration/ 

needs repair 
Bibala 103/57 c vindpump J' destroyed/well 

obstructed 
I 

to be dismantled/ . Hui be Bibala 24/51 windpuap y 
I 

well obstructed ! 

Naibe Namibe open well windpUlllp r needs repair 

NMibe Nuibe open well wind pump r monument 

ibe o en well rind Ull r to be dismant:.ed 
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Data of existing wells in the fifth region 
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In the following data on existing wells in the fifth region are given. 

These data have been collected from different sources, maiuly being maps 

of parts of the region i1.dicating locations of wells. 'l'he data have been 

processed and implemented into an EIC computer data base. 
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111e energy output of wind llill is defined by the probability density 

function of the wind speed f (V) and the power wind speed curve P(V) of 

the wind mill. 111e latter gives the power output as a function of the 

wind speed V; the probability density function f(V} * AV the fraction 

of the time the considered wind speed occurs. '111e output E in a period 
T is given by the integral: 

E • T f P(V) * f(V) d V 

The probability density function is characterized by tvo parameters, 

the shape parameter k (dimensionless) and the scale parameter c (m/s), 

in case a Weibull function is used: 

f (V) k v k-1 v k = c <c> exp. Cc:> 

Graphs of f (V) are shown in the figure below: 

9 

-9 

Probability den•ity function 

Jv 



A5 -2-

The scale parameter can be written as: 

v c • 

with: V •mean annual wind speed 
CD 

f 
1 

and fCT 1 = k - x + -) x e dx k 

0 

As can be seen the scale parameter is determined by the shape factor 

k and the annual mean wind speed V. The former mainly depends on the 

climate and not so much on the site. So the key parameter that determines 

the potential energy in the wind is the mean annual wind speed. 

The shape factor k is about _2.0 and 2.4 for Lubango respectively Namibe 

as can be seen from figure 

The tables in this appendix give the momentary wind speeds and directions 

:rom Lubango and Namibe as measured two times a day. 
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A windstream that passes a given area A witl\ "' ve1_o-:ity •r rP.·:-c~~ents a 

kinetic power of 

Where PA = air density (kg/m ) 

D = rotor diameter (m) 

V = undisturbed wind velocity (m/s) 

'lbe rotor converts windpower into mechanical power with a certain 

efficiency (Cp) which has a theoretical maximum of 59,3%, the so called 

Betz-maximum (ref 5.1). 

P =Pk • CP (W) 

Where P = mechanical power (W) 

'lbe power extracted from the wind is a function from the rotational speed 

of the rotor (fig.I). 

,_ 
(WI 

. , .. 

-,,, ..... 
Fig. 1 Power versus rotational speed of a windrotor. 
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'lbe torque of the rotor, of special interest when coupled to a piston­

pump can be written as 
p 

cb - - (Nm) 
u 

were cb = the rotortorque (Nm) 

n = the angular rotorspeed (rad/s) 

In fig. 1 the torque as a function of the rotorspeed is given for 

different windspeeds. 

t 

.. 
Fig. 2 Torque versus rotational speed" of wind rotor. 

'lbe average power required by a piston pump (fig. 5.2) can be writen as 

p ,.. q.pw.g.H 
l'lm 

were q = yield of water (m /s) 

Pw = water density (kg/m ) 
g =acceleration of gravity (m/s 2

) 

H • delivery hP,ad (m) 
l'lm • mechanical pump efficiency 

'lbe yield q can be written as 

q • 1 D 2 S n S l"IV p • p , u , i 

were l'lv •volumetric pump efficiency (-) 

DP • pump diameter (m) 

S • pump stroke (m) 
Po 

i • transmission reduction factor (-) 
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For a pump coupled to a windrotor one can compile 

to determine the rotordiameter, geven a windspeed, delivery head and 

possible or necessary yield. 

D = 1/q.pw.g.H.8 \ (m) 

Cp.PA.V3 .n.nm 

'lne windspeed at which the overal efficiency reaches its maximum is called 

the design windspeed. As the pump effeciencies mary little in practice 

the design windspeed is the windspeed where the rotor ef feciency C has 
p 

its maximum. 

For this study the average windspeed is considered to be the design wind 

speed. 

'lne design wind speed can be changed by choosing a different stroke or 

pump diameter. 

For each site an analysis has to be made in order to match pump and wind­

mill in such a way to meet the demand for water, taken into account the 

local windregime and the ground water resources. 

As a general rule can be used: P hydr = 0,1 V1 A 

Phydr = average hydraulic output (W) 

V = average wind speed (m/s) 

A (m 2) = rotor swept area 
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In fig. 3 a graph is given based on the here presented formules. For a 

given average windspeed and rotordiameter the water output can be 

estimated for a given lifting head. 

~-.:..:.::~~!-~~--:.-~~-~~--:..~~~~~~H~-:.-:.~~:--_:~:;:.::!1·:-::~:l•:·:·:~::~~~~~,·~~l~f~~l/-~~~.._ ................. -t--t---~~-t-1-t· ~ 
1,,11 Ii I/" Y I/" II' ~ ii ~ • 

1::,.. -71 ::.; :=~ '-".-. / ;",. V' .. : . ~ • ·! . ·~ .. : : : ; . ;. :::: . ::; E1'i, : I:.:.~.,· d: ::.~: 1~ /· ·: :r.· 
f;r..T.:;,r.:/.,;.. '1.··· .. : 7 ··.).:::,·.:. ·· ·-· .. :·••1 .. -- .. 1·'1/I · · 

· /.J.:/./I:/·~~: '/ :!:l:./,:11;:1~:!!::::_ :·:H~;m l•':: 1 i/.ln/ ;·. --·· -~ · r·;; .. · v ·· ·1~ · ····· · · · · ··!· ·- · ·······a · · ! i · 1· ~ 11· rr· · ··· ::~ .;. .. /. . , ; . : . :"i: ... ji .. : ' : ; ': . '.: :: : . ::;: ;:, : : ' • ~ .. T .. : : i: I 
"-7-· ·;/'· / .. ·~ ~ • oh~ 'I ••f' ·•• • • 1 I•:,,,.·•• • •otl~h•' Ir:, •j •' '. • 

1.1 .2 .• . " 6 I 11 

~ .s ,6 _.;,,; \ 2 

. '. ·~ 
q Ills I -

i.sHi.~ i ),5,71;\oo 
111• 1 /llJ -

Fig. 5.4 Water output as a function of windspeed, 

rotordiameter and delivery head. 

(Source: Introduction to Wind Energy by E.M. Lysen) 

CWD 82 - 1 May 1983 
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Well...characteristies of importance for the installation of a pump are 

the depth, the pumping rate and the dynamic level (fig. 1). latter data 

is achieved by executing a pump test in such a way that in a certain 

tiae interval vi.th a constant puaping rate the dynamic water level stays 

constant. Ti.Ile intervals can be one hour up to 24 hours. The given pumping 

rate is considered to be the 118Xiaulll capacity of the well. 

. . : , . . ~ .- . . . . '-" 
·. . . l . : · . .- :. : f. .. . .· 

•• !..· • 
.. . .. . ·· -
• : .•. : r· 

... : 

· ..... , .. ,.. ... : ·:...· .. 

The pump of a windmill at least has to be mounted under the dynamic water 

level. The delivery height is given by teh dynamic water level and 

together with the pumping rate the maximum power to instal is known. 

I I 
. ·---------- ---- ----
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In tabel l characteristies of coanercial available windpumps are given. 

The data is given by Fiasa and Southern Cross however for other brands 

slight differences can be found. Due to the regulation system of the 

windpuap at a certain windspeed {V-rated), the aaxillwl output is achieved 

which stays constant at increasing windspeeds. 

A medium value for the rated windspeed is 9 mis (this is independent 

of the wind regime). 

In fig. 2 the required rotor diameters for the wells in the three 

provinces are plotted. It occurs a 5 m. diameter vindpump will reach 

the capacity of about 70% of the wells. The saae analysis done for the 

average vindspeed lead to rotorsizes which are given in fig. 3. In this 

case 25% of the wells could be equipped with a 5 m. diameter vindpump 

of which most in Namibe due to a higher average vindspeed. 

It is judged for a good matching of well and vindpump at least two 

different sizes should be .provided. Chosen are a 14 feet and a 25 feet 

rotordiameter. The 14 feet geared windmill can be used on many wells 

as has been shoved, and for ~rinking water purposes the output can meet 

the demand. The 25 feet mill is more expensive and will be of use on 

wells with a high capacity o~ delivery height. For sites with low average 

wind speeds if still could meet the demand where a 14 feet mill cannot. 

This analysis only gives an indication of the most suitable rotorsize. 

Other important aspects in this matter are the water demand and the 

storage capacity. 



A7 -3-

Table 1 Windpump cheracteristics 

Diaaeter Maxi.ma n!.. Stroke length 
of strokes (m) (feet) (11) (strokes/min) 

6 1,83 32 95 

8 2,44 32 140 

10 3,05 26 184 

12 3,66 21 210 

14 4,27 18 248 

* 17 5,18 33 178 

* 21 6,40 27 210 

* 25 ·7 ,62 23 219 

* 30 
9,14 18,8 245 

Maximum n~ of strokes achieved at 9 m/s. 

* Direct acting windpumps. 
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RUUNO DESCRIPTION 

iT 5ilii r .. 
PART NO DESCRIPTION I ~~ ... Stael \•./asher rUi T~~:o:;:e .JIU 

28 Vane Sorina 578 Lock"'Ut For Too Of Pipe 

3t v .. (Also 131) 579 ~ockwasher For Too Of Pipe 

34 Outer Band Of Wheel 580 Vane Soring Holder 

35 lmer Band Of Wheel 582 !=url Wwe - 25' Long 
..... Narrow u-Bolt and Washer 585 Tailbone Castino 

46 Washer For 44 588 Stud For Pitman Guide 

• Wide ~ and Washer 608 IPumD Rod Yoke 
47 Washer For 46 609 Furl Lever I e 4 Post 
5t Wood Pump Pole - 14' lona 610 Pin For 608 Yoke 
6Z Comection. Pumo Pole To Wei Rod 613¥l-O lJDOer Furl Ring Without Furl Arms. Soid 
82 Pair SDlice Straos With Bolts 614 Solit Furl RinQ - 4 Post 

100 Sail With No. 17 Riveted On 615-S Solit Furl Ring - 3 Post 
·-·-- Section of 3 Sails 622 Bolt \Wb Cotter 

3 No. '00. 3 No. 101, 1No.34 
1 No. 3.'S, 10 Bolts. 10 Locknuts 

639 Tailbone With 510 Pivot 
659 Buffer Oe¥ice I te 

( 

I01 Sail Rib 661~ IPioe With Base - 4 Post 

~- LOCIUU for 101 --- 663~ PiDe With Base, Furl Lever - 3 Post 
f28 V311e Soring 664~ iPioe With Base Furl Lever - 4 Post 
3T Vane 670 Furl Lever :-- ·e 3 Post 
43'h Furl Hancle 672~ :Pioe With Base- 3 Post 

168 · Swivel CastinQ For Pumo Rod 674 PiDe Base Onlv - 4 Post 
71 Pumo Rod w/Swi;,el Castina.,comolete) 675 PiDe Base OnJv - 3 Post 
72 Pumo Rod w/Swivel Nut Only 686 Pitman Arm - Adiustable Stroke 

'43¥2 Furl Handle 690 Brake - Cornu"sle 
WI Swivel Castina For Pumo Rod 702-0 Main Frame 
m 1 V-Bolt ;:or Connecting Fu1i Ha,,dle 703-0 Hub a'ld Shaft 

' Tower Comer Post ~ 703¥l-O Hub and Shaft 
134 v-eon For ConnectinQ Furl Handle Tower 704 Small Gear 
507 Oil Rina 705 Laroe Gear 
iQ8 Pitman Guide With 588 Stud 708 Reolaceable Babbitt Bearing 
tT<l Pivot Bolt For Tailbone 718 Soout Washer 
1t3PF Split Upper Furl Ring 720 Shaft ~or 705 or 805 
tT7 Sorina For Soout Washer , 721 Pin For Larae Gear 
i2I] Oil Collector in Hub 729 Pin For Shaft On Hub 
i21' Split Washer 730 Replaceable Sleeve Bearina 
i22 Shaft For Guide Wheel And Yoke 736 Wheel Arm. 
r2:l Guide Wheel lfor Pitman and Yoke) 744 Kev 
'Q7 Furl Link 747 Tailbone Bundle 
;28: Furl Arm 751 Bearina Bar 
~"z. Furl Arm, Long For Repair 752 Bearing For Larae Gears 

<Takes UD Wear On Brake) 755 Large Gear and Bearing Assembly ... Furl Arm. Extra Long For Repairs 2 - 705 Gears. 1 - 720 Shaft 
<Takes UD Wear On Brake) 1 - 752 Bearina. 2 - 721 Pin 

iM Wide ~Bolt and Washer 781 Countersunk Plua 
'tlr.T Washer for 548 788 Brake Lever ., Helmet 

' 
799 Sails, Ribs, Wheel Arms. Bands and 

11115 Nut For 588 
' Bolts for Compl@te Wheel, and 

' Furl Wire 
' 

' 

' 

' 

' 

' 

' 

' 

~ - ' -- ------ --- ___ I I __ ----'-
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In the following the output data are given regarding financial analysis 

made with help cf the computer program "Comfar" concerning 4 different 

situations: 

1. Isolated plant page A9- 2 to page A9-21 

2. Isolated plant, tax included page A9-22 to page A9-30 

3. Integration with EMEL page A9-31 to page A9-50 

4. Integration with Metafus page A9-51 to page A9-70 



Prodtlctim Uait far lliadp119!1s 
10-02-1989 
Isolated plat 

1 yHrlsJ of constncti•, 15 ytil'S of proacti• 
c11rr111cy c111tversi1111 ntn: 

fareigti c11rret1Cy l unit = 
local curret1Cy l uait = 

accau•ti8' aarrency: lollil'S 

1.0000 units accauati8' curreacy 
1.0000 units KCtllllltilHJ curnncy 

Tot:al initial invest•ent duri-. cmstructim phis. 

fi1ed assets: 
current assets: 
total assets: 

440400.00 
0.00 

440400.00 

71.617 1 foreign 
0.000 1 fonip 

71.617 1 forei•• 

Source of funds during coastructioa pbase 

equity l grillts: 154000.00 0.000 1 foni911 
foreign lDillS : 308000.00 
local lOins : o.oo 
toto.l funds : 41>2000.00 66.667 1 {.reign 

------------------------------------
Cashflow fro• operations 

Yeir: 1 3 
operating costs: 336~..0.00 370000.00 
deprKiatioa 41250.00 41250.00 
internt 37800.00 50800.00 
--------- -------- ------
production costs 
thereof foreign 
total Hies 

gross incou 
net incou 
cuh iJahnce 
net cashfl1111 

415300.00 
86.15 1 

210000.00 

·205300.00 
-205300.00 
-14740.97 

-176941.00 

Net Pr111nt Value at: 10.00 % = 
22.71 1 
21.27 % 
32.34 % 

Internal Rate of Rtturn: 
Return on equityl: 
Rtturn on equity2: 

462V50.00 
78.95 1 

420000.00 

-42050.00 
-42050.00 
-9402.69 
41397.31 

817557.10 

Ind ex of Sch edu 1 •• produced by COllFAR 

4 
367000.00 
41250.00 
50800.00 

------
459050.00 

74.89 % 
600000.00 

140950.00 
1'10950.00 
111747.20 
162547.20 

Total initial inv11t11nt 
Total inv1st11nt during production 
Total production costs 
Working Capital r1quir111nts 

Cashflow Tabl11 
Projected Balance 
Net inco11 1t1t111nt 
Source of finance 

A9 -2-
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--------------------- COllFAR 2.1 - EillllllVEI lllI. IF TEDm.06Y, DEPT. IF I.E., II. --

otal Initial Invest•ent in Dollirs 

............... . . . . . . 1990 

i1H i•YISt .. t costs 
l.MCl1 sit• pnpintim, dtftlap91Dt 0.000 
llildilfS ilN civil llOf'ts ••••• 250000.000 
AuiliitJ ind Slf'YiCt fKilitiK . 55000.000 
iacarpantetl fi1H issets • • • • • 0.000 
Plant udai111ry and ft!Uip .. t • • • 120000.000 

otii fi1etl invtst911lt costi • • • • 425000.000 

re-prod1idian cqi bl esptnii turts. 15400.000 
! 

! 110rli1g capilil . . . . . ... o.ooo 

alil i•itiil invtst1111t costs ••• 440400.000 

it far1ig1 1 ia I . . . . . . . . 71.617 

Productim U.it far lindp119ps - 10-02-1989 
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--- COllFAR 2.1 - EillDHOVEI lllI. IF TEOllL06Y, DEPT. IF I.E., 11. --

Total Current Investaent i~ Dolhrs 

t• ............ 1991 1992 1993 1994 1995 

~i1e4 i1Yest111t costs 
Lind, sit1 pr~atiDl 1 developllllit 0.000 0.000 0.000 0.000 0.000 
.. ildiags 11141 civil llllfks ••••• 0.000 0.000 0.000 0.000 0.000 
lllziliirJ illd strYiCI fACiliti~ . 0.000 0.000 0.000 55000.000 0.000 
llClrJGritM fiHtl iSSlts , • , 0.000 0.000 0.000 0.000 0.000 
Plillt, ucbintry illtl tquipunt .. 0.000 0.000 0.000 0.000 0.000 

:obi fi1td innshlllt costs •••• 0.000 0.000 0.000 55000.000 0.000 

eprodtlction Cipitils npenditares. 0.000 0.000 0.000 0.000 0.000 
king Cipitil . . . . . . . . . . 50690.979 5020.209 8602.702 15452.770 -3680.539 

atal carr1Rt invtSllell costs • • • 50690.970 5020.209 8602.702 70452.770 -3680.539 

it fcreiga, 1 . . . . . . . .. . 88.609 73.060 72.574 97.634 0.000 

Productiaa Unit far lindpups - 10-02-1989 

-------------- COllFAR 2.1 - EllDHllYEI 1111. IF TECIRO&Y, DEPT. IF I.E., II. --

otal Current Investaent in Dollars 

................. 1996 1997 1998 1999-2002 2003 

ixtd i11vest1111t costs 
Lind, site prep•ntion, developHRt 0.000 0.000 0.000 0.000 0.000 
Buildiags illd civil llOl'ks ••••• 0.000 0.000 0.000 0.000 0.000 
Auxiliary iDd strvict ficilities . 0.000 0.000 55000.0i>O 0.000 55000.000 
I11corponttd fi1td asstts • • • 0.000 0.000 0.000 o.ooo 0.000 
Pliftt1 ucbintry and tquipunt 0.000 0.000 120000.000 0.000 0.000 

------- --------- ------- ------
otil fixed invtst1t11t costs •• 0.000 0.000 175000.000 0.000 55000.000 

reproductioa cipitals t1ptnditures. 0.000 0.000 0.000 0.000 0.000 
king Cipilil . . . . . . . . . . -833.336 0.000 0.000 o.ooo 0.000 

-------- -------- --------- ----------- ------------
otal cur~tnt investient costs • • • -833.336 0.000 175000.000 0.000 55000.000 

f it fortign, 1 . . . . . . . . . 0.000 0.000 100.000 o.ooo 100.000 

Production Unit for lindpu1ps --· 10-02-1989 
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------ COllFAR 2.1 - EilllllllVEI UliI. OF TEDmO&Y, DEPT. OF l.E., a --

;"otal Production Costs in Doll•s 

iii" • • • • • • • • • • • • • • • • 1991 1992 1993 1994 1995 

of 11111. capieity lsintlt product). 35.000 Sl.000 70.000 100.000 100.000 
1• litll"iil l . . . . . . . . . . . 56750.000 83474.990 119000.000 170000.000 170000.000 
~ rill littriilS . . . . . . . . 28000.000 21200.000 14000.000 2MOO.OOO 20000.000 
tilitilS . . . . . . . . . . . . . 2000.000 2580.000 3000.ooo· I000.000 I000.000 .. " ............... 0.000 0.000 0.000 0.000 0.000 
._.., flirect ...•...••.. 10500.000 21200.000 35000.000 50000.000 50000.00G 
epiir, uiat11i11Ct . . . . . . . . 0.000 0.000 0.000 0.000 0.000 
jlirtS . . . . . . . . . . . . . . 2000.000 2500.oot 3000.000 I000.000 3000.000 
Kttry DYtrlltHS . . . . . . . . . 115000.000 115000.000 124000.000 74000.000 49000.000 

Ktory costs . . . . . . . . . . . 214250.000 245875.000 298000.000 320000.000 295000.000 
daiaistntift tmrbtids •••••• 122000.000 97000.000 72000.000 47000.000 2200'?.000 
Mir. costs, Silts ad distribllti111 0.000 C.000· 0.000 0.000 0.000 
inr:t costs, WIS •d distrillllti111 0.000 0.000 0.000 0.000 0.000 
··Killian ............ 41250.000 41250.000 41250.000 41250.000 41250.000 
·inaciil costs . . . . . . . . . . 37800.000 '7800.000 50800.000 50800.000 50800.000 

----
otil productiaa costs • • • • • • • 415100.000 431925.000 462050.000 459050.000 4*50.000 

osts ptr unit ( si119le predict ) . 11865.710 8149.528 6600.714 4590.500 4990.500 
'.f it forti!Jll, 1 • • • • • • • • • • 86.155 83.579 78.952 74.894 71.825 
f it Hriilllt,1 • • • • •••••• 20.226 29.450 36.360 52.28'l 58.673 
· otil I illour • • • • • • • • • • • • 132500.000 118200.000 107000.000 97000.000 72000.000 

--------
Production lmit for llindP.,ups - 1o-.i2-1989 
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•--------------------- COllFAR 2.1 - EIHlllVEI mr. OF TECHlilLO&Y, DEPT. ir: I.E., a -

Tot~l Production Costs in Dolbrs 

1996 1997 1998 1999 20GO 

af 1a.. ClfiCity lsi•tle product>. 100.000 100.000 100.000. 100.000 100.000 
uteri•l l • • • • • • • • ••• 110000. ooa 170000.000 li0000.000 170000.000 170000.000 

20000.00C: 20000.000 20000.000 20000.000 20000.000 
"lities . . . . . . . . ..... 3800.000 3800.000 3000.000 3800.000 3000.000 

IY • ••••••••••••• • 0.000 0.000 0.000 0.000 0.000 
50000.000 50000.000 50000.Nt 50000.000 50000.000 

0.000 0.000 0.000 8.000 0.900 . . . . . . . . . . . . . . 3800.000 3800.880 1880.000 3000.000 3000.000 
24000.000 24008.000 24000.000 24008.080 24000.000 

1etary casts ........... 270000.000 270080.000 270000.000 270800.000 270000.000 
· ai stnti" IYri.Us • • • • • • 22800.000 22000.000 22000.000 22000.000 22800.000 

Mir. cash, Alts iDd distriHti• 0.000 8.000 0.000 8.000 0.000 
"rtct costs, 11les ind distriltat:iaa 0.000 0.000 0.000 o.ooo 0.000 

KiiliM .......... • . 41250.000 41250.000 41250.000 41250.000 41250.000 
45720.000 40640.000 m60.000 30480.000 25400.000 

378970.000 373890.000 368810.000 363730.000 358650.000 

ts per unit ( sintlt prodvct I . 3789.700 3738.900 36118.100 3637.300 35116.500 
it fareiga, l . . . . . . . . . . 69.589 69.175 68.751 68.314 67.866 
it YMiiblt1l • • ... • .. • • 63.330 64.190 65.074 65.983 66.918 

otal lilllllll' • • • • • • • • • • • • 72000.000 72000.000 nooo.ooo 72000.000 72000.000 

Production lmit for lli1dpups - 10-02-1989 
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COMFAR 
2.1 llHIOO 

---------- COllFAR 2.l - EI8lllVEI lml. IF TEC1m..116T, DEPT. IF I.E., IL -

Tot~l Production Costs i• Dollirs 

.................... 
: If .... CifKity lsi-.lt product>. 
tM ut1ri•i l .......... . 

rill uhri•ls •••••••• 

1 4irKt • . • •. • • • • • • 
ii r, ui ataace • • • • • • • • 

·nistr•tin IYlrhids •••••• 
ir. costs, Silts iH distrintioa 

"net costs, Alts iH distri•ti• 

ts ,. Ulit ( Sill!lt product J • 
it fareiga, I ......... . 
it Yil'iMlt,I •••••••••• 

atal I~ •••••••••••• 

2001 

100.000 
170000.000 
20000.000 
3000.000 

0.000 
50000.000 

0.000 
3000.000 

24000.000 

270000.000 
~.000 

0.000 
0.000 

41250.000 
20320.000 

353570.000 

3535.700 
67.404 
67.879 

72000.000 

2002 

100.000 
170000.000 
20000.000 
3000.000 

0.000 
50000.000 

0.000 
3000.000 

24000.000 

270000.000 
22000.000 

O.OOG 
0.000 

41250.000 
15240.000 

348490.000 

3484.900 
66.929 
68.869 

72000.000 

200~ 2004 2et5 

100.000 100.000 100.000 
170000.000 170000.000 170000.000 
20000.000 20000.000 20000.000 
3800.000 ;)000.000 3000.000 

0.000 0.000 0.000 
50000.000 50000.000 50000.000 

0.000 0.000 0.000 
3000.000 3000.000 3000.000 

24000.000 24000.000 24000.000 

270000.000 270000.000 270000.000 
22000.000 22000.000 22000.000 

O.oot 1.000 0.000 
0.000 0.000 0.000 

27500.000 41259.000 41250.000 
10160.000 5080.000 0.000 

329660.000 338330.000 333250.000 

3296.600 3l8l.300 3332.500 
65.040 65.936 65.416 
n.ao2 70.937 n.011 

nooo.ooo 72000.000 72000.000 

Produdioa wit far lli11dpt11ps - 1H2-1989 
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COMFAR 
2.t LIH IDO 

--------------------- CJlllHI 2.1-El8lllVEI ml. OF TEDm.O&Y, DEPT. OF I.E., II. -

••t Working Capi till in Doll•s 

Hr . . . . . . . . . . ....... 1991 1992 1993 1994 1995 

cmr• ......... Ilk cllla 

urrat HSHS. 
Ate-ts rKti wait • • • 30 12.0 28020.830 28572.920 :sem.uo lOSll.330 2'416.670 
lawatary iH ultriils • 116 3.1 21451.llO 34154.161 43'16.671 62416.610 62416.610 
Eatrty ......... 0 0.000 O.OOI I.toe 1.000 0.000 
S,.ts ......... 360 1.0 2000.toe 2500.000 3000.IOO 3000.000 3000.000 
larl: ii pr.KS .... 2 166.4 920.139 1157.153 15'4."4 1155.556 1186.111 
Fiaislltll ,,.1111cts ... 4 91.6 2215.278 2569.306 3302.778 3744.445 l605.5 

:aiat:iH ....... 10 36.0 6930.556 6547.222 6580.000 4133.lll 3444.445 
llil arnat HMS ......... 611545.140 7620G.76t 89147.230 106433.300 180669.400 
.-rat H•ilitits M4 
c ... ts piyHlt • • • • • • 30 12.0 17854.170 20489.580 24833.330 26666.670 24583.330 

111rl:i .. tipilil • • • • • • • • • • 50690.970 55711.170 64111.890 79766.670 76086.llO 

Kf'NR ii .arl:iDf Cipi bl • • • • • • l0690.970 5020.199 8602.719 15452.780 -3680.Sil 

111rl:i1t CiJilil 1 lotil ...... 5774.306 7126.m 9486.111 11152. 780 Ul52.780 
lllrl:i .. Cipi til 1 fartigl ..... 44916.670 ~-~ 54827.770 68613.880 64933.340 

t: Mc = 1i1i .. ~iJS of COYtritjt ; cato = C0tffi'ci11t of turllOYtr • 

Praducti111 lllit far liu,..,s - 10-02-1989 

---·--__;~------ IDIFAR 2.1 - EilllllllVEI 1111. OF TEmll.ll&Y, DEPT. OF I.E., ll. --

•t Working Capita.I ia loll•s 

1996 1997-2005 

vengt ......... Ille co to 

rnt •sHts Ii 
Accouats rKti viblt • • • lO 12.0 243IS.3l0 24333.llO 
Iaveatary and .. terials • 116 3.1 62416.670 62416.670 
Energy . . . . . . ... 0 0.000 0.000 
Sp arts . . . . . . . . . 360 1.0 3000.000 3000.000 
lark in pragrns .. 166.4 1716.667 1716.667 . . . . .. 
Fiaislltd products ... 4 ~1.6 3536.lll 3536.111 

10 36.0 2150.000 2150.000 
tal currtat a111ts . . . . . . . . . 97752.770 97752.770 

urrtnt liibilitin and 
counts payable • • • • •• 30 12.0 22500.000 22500.000 

-------------- ----------
t NDrkin9 capital •••••••••• 75252.770 75252.770 
cr1a11 in 110rkin9 capital •••••• -83l.m 0.000 

working capital, local •••••• 11152. 780 11152. 780 
t 110rki~9 capital, far1i9n . " . . . 64100.000 64100.000 

t11 Ide s 1in11111 day1 of cov1ra91 ; coto • coefficient of turnover • 
' 

----------------------------------------------------------------------------------------------------------------------------------' ' Production Unit for ~indpuaps --- 10-02-1989 
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----------------------- OllFAR 2.1 - EI8RI ml. IF TEC81.06l, DEPi. IF I.E., a --

ource of Finance, construction i• Dalhrs 

1990 

"ty, ardillir'J •• l~.000 

i ty I prtftrlGCf. 0.000 
iliK, v•ts . 0.000 

l.eM A, fartip • 308000.000 
loill I, fartip •• e.ooo 
lNI C, fwtip • 0.000 
lNI a, l~il •••• 0.000 
Lou a, lacil •••• O.OGO 

lDll C, !ocil •••• 0.000 

It.ii lli9 •••••••• lOIOt0.000 

at li•ilitiK 0.000 
Ml avtrw1ft •••• 0.000 

et1l funls ••••••• """'°· 000 

Prodticti1111 Uait far lind,...,s - 10-02-1989 
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---------------------- ClllFAR 2.1 - EildlHOVDi 1111. Of TEDllll..06Y, DEPT. IF I.E., .. --

3ource of Finance, product: ion in Dollirs 

..,. .....•........ 1991 1992 1991 1994 1995-96 1997-2004 

:: .. ity, or-diwry •• 60000.000 40000.000 0.000 0.000 0.000 0.000 

~ty, prefereace. G.000 0.000 0.000 0.000 0.000 0.000 
lullsidies, grmts • 0.000 0.(~ 0.000 0.000 0.000 0.000 

LIM A, farei ... 140000.000 60000.000 0.000 0.000 -50800.000 -50800.000 
Loa I, fareip •• 0.000 0.000 0.000 0.000 0.000 0.000 
Lou C, farei.. • 0.000 0.000 0.000 0.000 0.000 0.000 
tOill i, loul •••• 0.000 O.OOG 0.000 0.000 0.000 0.000 
LINA I, local •••• 0.000 0.000 0.000 0.000 0.000 0.000 
lOil c, lGCil •••• 0.000 o.ooo o.ooo o.ooo 0.000 0.000 

•• 11 lDil •••••••• 140000.000 60000.000 0.000 0.000 -50800.000 -50800.000 

at liiiilities 17854.170 2'35.417 4l43.750 1833.332 -2083.332 0.000 
t IYtr*ift •••• 0.000 0.000 0.000 0.000 0.000 0.000 

217854.2C3 102635.400 4343.750 1833.332 -52881.330 -50800.000 

Producti1111 i..it far lliadpt18's - 10-02-1989 
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-------------------------------- COllFAR 2.1 - EIIDHOVEll lllI. OF TECHlffl.06Y, DEPT. OF I.E., NL ---

:ash.flow Tables, construction in Dolhrs 

Hr ••••••••• 

·abl ciSh infllill •• 

Finaaciil resources • 
Siles, aet af till • • 

·atil Cisn autfl11t1 • • 

Tahl issets • • • • 
Qpenting casts • • • 
i:Gst af fioillct • • • 
Rlpiylllllt • • • • • 
Corpar ite tu 
ltivide.~ds piii • • • 

:.irpius I ieficit ) • 
'.uulited ciSla bilillCe 

·af11111, local •••• 
'utH•, laeil • • • • 
~11rpl1s I deficit > • 
nfl1111, foreign • • • 
~utfl!Ht, foreign • • • 
urplas ( deficit l • 

:et cullfl 1111 • • • • • 

:iaulited net cishfla• 

11190 

4&2000.000 

4/u"'OOO. 000 
0.000 

440400.000 

425000.000 
0.000 

15400.000 
o.ooo 
0.000 
o.ooo 

21600.000 
21600.000 

i54000.000 
125000.000 

290CO.OOO 
308000.000 
315400.000 
-7400.000 

-425000. 000 
-425000.000 

----------------·----------------------------------------------------
Production Unit for MindpUIPS - 10-02-1989 
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------------------------------------- COllfAR 2.1 - EillDHOVEI 1111. OF TECHIOL06Y, DEPT. OF I.E., 11.· --

ash-Flow tables, production in Doll us 

1991 1992 1993 1994 1995 1996 

atil Cish infl1111 . . 4~7854.200 420635.400 424343.800 601833.300 &00000.000 600000.000 
-------- --------- ------ ----- - ------

Fin•ci•l rKources • 217854.200 102635.400 4343.750 1833.332 0.000 0.000 
Siles, net of til • • 210000.000 318000.000 420000.000 600000.000 600000.000 600000.000 

otil nsh autHOll •• 442595.100 398330.600 433746.500 490086.100 414919.500 387686.700 

Toti! •ssets .... 68545.140 7655.623 12946.460 72286.110 -5763.889 -2916.667 
Oper•ting costs • • • 336250.000 342875.000 370000.000 367000.000 317000.000 292000.000 
Cost of finuce • • • 37800.000 47800.000 50800.000 50800.000 50800.000 45720.000 
llepiyltflt ..... 0.000 0.000 0.000 0.000 52883.330 52883.340 
Carpante til 0.000 0.000 0.000 o.ooo 0.000 0.000 
Divideads piid ... 0.000 0.000 0.000 0.000 o.ooo o.ooo 

lus ( dnicit > . -14740.9~ 22304.810 -9402.719 111747.200 185080.500 212313.300 
lited Cish biliRCt 6859.063 29163.880 19761.160 131508.300 316588.900 528902.200 

272437.500 359118.800 422193.800 601500.000 600000.000 600000.000 
59461.IOO 67146.180 95553.130 112166. 700 109000.000 109000.000 

212975.700 291972.600 326640.600 4893ll.300 491000.000 491000.000 
155416.700 61516.670 2150.000 m.332 0.000 0.000 
383133.300 331184.400 ll8193.300 377919.400 305919.400 278686.700 

-22i716.700 -269667.800 -336043.300 -377586.100 -305919.400 -278686.700 

t Ci~hflDN ••••• -176941.000 -29895.210 41397.280 162547.200 286680.500 308833.3Ga 
littd net CiShf lDN -&11:m.ooo -631836.200 -590438.900 -427891.700 -141211.200 167622.200 

------------------------------------------------------------------------------------------------ ----------
Production Unit for Mindpuaps --- 10-02-1989 
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------ mtFAR 2.1 - EillDllJVEJI 11111. IF TEDiJIOlo&Y I iiEPT. IF I.E. I II. --

:ashf 1 oN tables, production in Dollil'S 

Hr' • • • • • • ••• 199i 1998 1999 2000 2001 7002 

"otil usll inH1111 .. 600000.000 600000.000 600000.000 600000.000 600000.000 600000.000 
------ -----

Fin•ciil resources • 0.000 0.000 0.000 0.000 0.000 0.000 
~es, net of til • • 600000.000 600000.000 600000.000 600000.000 600000.000 600000.000 

"ot1l usll outfl1111 •• 383440.000 553360.000 373280.000 368200.000 363120.000 358040.000 

Tolil Hsets . . . . 0.000 175000.000 0.000 0.000 0.000 0.000 
Opentint costs • • • 292000.000 292000.000 292000.000 292000.000 292000.000 292000.000 
Cost of fi niftCI , , • 40640.000 35560.000 30480.000 25400.000 20320.000 15240.000 
111p1, .. t . . ... 50800.000 50800.000 ~0800.000 50800.000 50800.000 ~800.000 

Corponte ta 0.000 0.000 0.000 0.000 o.ooo 0.000 
Divid•ds piid ... 0.000 0.000 0.000 0.000 0.000 0.000 

plus I deficit I . 216560.000 46640.000 226720.000 231800.000 236880.000 241960.000 
itltl Cisll bilillCI 745462.200 792102.200 1018822.000 1250622.000 1487502.000 1729462.000 

afl1111, loul .... 600000.000 600000.000 600000.000 600000.000 600000.000 600000.000 
tfl•, locil • • • • 109000.000 109000.000 109000.000 109000.000 109000.000 109000.000 
plus I deficit I . 491000.000 491000.000 491000.000 491000.000 491000.000 491000.0C' 

nfl1111, foreign ... 0.000 0.000 0.000 0.000 0.000 o.ooo 
~n., foreign 9 •• 274440.000 "4360.000 264280.000 259200.000 254120.000 249040.000 
plus I dtficit > . -274440.000 -444360.000 -264280.000 -259200.000 -254120.000 -249040.000 

308000.000 133000.000 308000.000 308000.000 308000.000 308000.000 
lated net casbflat1 47562:.200 608622.200 916622.200 1224622.000 1532622.000 1840622.000 

---------------------------------- ------------------------------
Production Unit for Mindp111ps --- 10-02-1989 
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------------ COllFAR 2.1 - EillDlllVEI UNI. IF TECllMOL06Y I DEPT. OF I.E. I .. -

:ashfloN tables, production in hllus 

Iii' • • • • • • • • • 

·otil c1sll infl111 • • 

Fina1ciil resources • 
s.les, Jet of til • • 

·otil cish outfl1111 • • 

Totil issets • • • • 
ilperiting costs • • • 
Cost of finilttt • • • 
ilepiJll!lt • • • • • 
Carpente til 
Ii vidnds piid ••• 

:tll'plus I deficit ) • 
:uulited usb bililttt 

:nn1111, locil • • •• 
:Utflo•, locil • • • • 
iurplus I deficit ) • 
·afl1111, foreign ••• 

tflat1 1 foreign • • • 
plus I deficit ) • 

let cashfl aw • • • • • 
.11111lated net tisllfla. 

2003 

600000.000 

0.000 
600000. 000 

407960.000 

55000.000 
292000.000 

10160.000 
50800.000 

0.000 
0.000 

192040.000 
1921502.000 

600000.000 
109000.000 
·'91000. 000 

0.000 
298960.000 

-298960.000 

253000.000 
2093622.000 

2004 

600000.000 

0.000 
600000.JOO 

347880.000 

0.000 
292000.000 

5080.000 
50800.000 

0.000 
0.000 

252120.000 
2173622. 000 

600000.000 
109000.000 
491000.000 

0.000 
238880.000 

-238880.000 

308000.000 
2401622.000 

-------------------------------~-----------____. 

2005 

600000.000 

0.000 
600000.000 

292000.000 

0.000 
~92000.000 

0.000 
0.000 
0.000 
0.000 

308000.000 
2481622.000 

sooooo.ow 
• 109000. 000 

491000.000 
0.000 

183000.000 
-183000.000 

308000.000 
2709622.000 

Production Unit for Mindp118ps -- 10-02-1989 
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---------------------------- COllFAR 2.1 - EIIDfllYEI lftI. of TECHICl06Y, DEPT. OF I.E.,._ -

ashflow Discounting: 

I ~quity piid versus let incoae f' 
let present value .. • .. . .... 580332.80 .it 10.00 1 
Intern.ii Rate of Return CIRREll •• 21.27 1 

l Net llorth versus let c.ish return: 
let present vilue •••••••••••••• 771714.10 .it 10.00 1 
Internil Rate of Return IIRRE21 •• 32.34 1 

I Internal Rite of Return on totil invest1t11t: 
Net present vilue •••••••••••••• 817557.10 it i0.00 1 
Internil Rite of Return i IRR I •• 22.71 1 

et llorth = Equity paid plus reserves 

Prodactian i.iit for lfindpups - 10-02-1989 

• 



--- COllFAR 2.1 - EIIJDlllYEll llU. OF TEC'lllOl.06Y, DEPT. OF I.E.,._ -

:'\let: Incoae st~teaent: in ~ll•s 

{fil' • • • • • • • • • • • • • • • • • 199! 1992 1993 1994 1995 

·atil Siles, incl. Siles tiz ••••• 210000.000 318000.000 420000.000 600000.000 600000.000 
.i!Ss: v.riible costs, incl. Siles tiX. 84000.000 127200.000 168000.000 240000.000 240000.00C 

·;•iillle ur9ia . . . . . . . . . . . 126000.000 190800.000 252000.000 360000.000 360000.000 
\s 1 of totil wles . . . . . . . . . 60.000 60.000 60.000 60.000 60.000 

1111-v•riillle costs, incl. depreci•tion 293500.000 256925.000 243250.000 168250.000 118250.000 

:i,tr•tionil lirtin • • • • • • • • • • -167500.000 -66125.000 8750.000 191750.000 241750.000 
\s 1 of tohl Alts . . . . . .... -79.762 -20.794 2.0ll 31. 958 40.292 

tf fiunce . . . . . . . .... 37800.000 47800.000 50800.000 50800.000 50800.000 

-205300.000 -113925.000 -42050.000 140950.000 190950.000 
0.000 0.000 0.000 0.000 0.000 

-205300.000 -113925.000 -42050.000 140950.000 19095G.OOO 
0.000 0.000 0.000 o.ooo 0.000 

------
t profit •......•.•.... -205300. 000 -113925.000 -420~.ooo 140950.000 190950.000 

ividends piid •••••••••••• 0.000 0.000 0.000 0.000 0.000 
distributed profit ••••••••• -205300.000 -113925.000 -42050.000 140950.000 190950.000 

ccu111lited undistributed profit ••• -205300.000 -319225.000 -361275.000 -220325.000 -29375.000 

oss profit, 1 of totil Siles •••• -97.762 -35.825 -10.012 23.492 31.825 
t profit, 1 of tot•l Siles • • • • -97.762 -35.825 -10.012 23.492 31.825 

1 Net profit, I of 111u;ty ••••• -95.935 -44.852 -16.555 55.492 75.1n 
OI, Met profit+interest, I of invest. -35.212 -13.756 1.788 34.255 43.473 

----------------------------------------------------------------------------------------------------------------------
Production Unit for Mindpu1ps -- 10-02-1989 
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·-------------------- CllFAR 2.1 - ElllhOVEI llli. CF rm..o&Y, DEPT. CF I.E.,._ --

'iet. lnco•e St.at.e•ent in Dolhrs 

tif'.. • • • • • • • • • • • • • • • • 1996 1997 1998 1999 2000 

"obi ults, i1el. Ales tu ••••• 60GCIOO. 000 600000.000 600000.000 60GCIOO. 000 600000.000 
.ess~ Yif'ii:.lt costs, iad. Silts tu. 240000.000 240000.000 240000.000 240000.000 240000.000 

/if'iDlt 1Wti1 ...... -. . . . . 360000.000 360000.000 360000.000 360000.000 360000.000 
tS 1 of tat.I SilK ......... 60.000 60.000 60.000 60.000 60.000 

i.-v¥iale costs, incl. dtpnciitiDD 93250.000 93256.000 93250.000 9:i250.000 93250.000 

Jpentioail urti• • • • • • • • • • • 266750.000 266750.000 2667S,.OOO 266750.000 266li0.000 
iS-1 of tatil Siles . . . . . . . . . "-458 44.458 

"·' 1 
44.458 "-458 

'mt of fiuact . . . . ....... 45770.000 40640.000 35560.00( 30480.000 25400.000 

iross.profit ....•.....•.. 221030.000 226110.000 231190.000 236270.000 241350.000 
tll~es .............. O.GOO o.ooo 0.000 0.000 0.000 . uilll t profit • • • • • • • • • • • • 221030.000 226110.000 231190.000 23627~.0fO 241350.000 
·u . . . . . . . . . . . . . . . . . . 0.000 0.000 0.000 0.000 0.000 

------
let· profit ..••.••....•.. 221030.000 226110.000 2:lll90.000 2362:'0.000 241350.000 

ividends.piid •••••••••••• 0.000 0.000 o.ooo 0.000 0.000 
istr:•utli profit • • • • ••••• 221030.000 226110.000 231190.000 236270.000 241350.000 

c11111littd undistributtd profit •••• 1916~.ooo 41n65.ooo .48955.000 885225.000 1126575. 000 

oss profit, 1 of totil Silts •••• 36.818 37.685 38.532 39.378 40.225 
t profit, l of totil Silts , , , , 36.838 37.685 38.532 39.378 40.225 
, ltt profit, 1 of tquity • ~ ••• 8i.020 89.020 91.020 93.020 95.020 

I, r:.t profit+iattrtst, 1 of invtst. 48.041 48.041 36.528 36.528 36.528 
---------------------------------------------

Production Unit for llindpups -- 10-02-1989 



Net lncoae Stateaent in Dolhrs 

t11r • . • . • • • • • • • • • • • • • • • 

rotal salts, iacl. sales tiX ••••• 
_ess:.v.riihle costs, incl. Silts tiz. 

>'ariule .urgin • • • • • • • • • • • 
.I of·totil silts ••••••••• 

:b-nriule costs, incl. depreciition 

ationil urgi1 • • • • • • • • • • 
I of total Sil es • • • • • • • • • 

of · f inMCe • • • • • • • • • • • 

ivid111ds:piid •••••••••••• 
distri~oted p~ofit ••••••••• 
c11111l1tl4 undistributed profit ••• 

oss profit, 1 of total silts • • •• 
t profit, I of total siles •••• 
, let:profit 1 1 of equity ••••• 

I, ltt:profit+interest, % of invest. 

20Cl 

600000.000 
240000.000 

360000.000 
60.000 

93250.000 

266750.000 
44.458 

20320.000 

24"4l0.000 
0.000 

246430.000 
0.000 

246430.000 

0.000 
246430.000 

1373005. 000 

U.072 
41.072 
97.020 
36.528 

•;.~;~of 
COIFAR 2.1 - EillDtllVEJI 1111. OF TEllllllLil6Y, DEPT. IF I.E., I. --

2002 

600000.000 
240000.000 

360000.000 
60.000 

93250.000 

266750.000 
44.458 

15240.000 

251510.000 
0.000 

251510.000 
0.000 

251510.000 

0.000 
251510.000 

1624515.000 

41.918 
41.918 
99.020 
36.528 

2003 

600000.000 
240000.000 

360000.000 
60.000 

79500.000 

280500.000 
46.750 

10160.000 

270340.000 
0.000 

270340.000 
0.000 

270340.000 

0.000 
270340.000 

1894855.000 

45.057 
45.05'7 

106.433 
35.721 

2004 

600000.000 
240000.00G 

360000.000 
60.000 

93250.000 

266750.000 
44.458 

5080.000 

261670.000 
0.000 

261670.000 
0.000 

261670.COO 

0.000 
261670.000 

2156525.000 

43.612 
43.6:2 

103.020 
:'3.970 

600000.000 
240000.000 

360000.000 
60.000 

93250.000 

266750.000 
.44.458 

o.ooo 

266750.000 
o.ooo 

266750.000 
0.000 

266750.000 

0.000 
266750.000 

2423275.000 

44.458 
44.458 

105.020 
33. ':70 

Production ~it for llindpups -- 10-02-1989 
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trJIFA!l 2.1 - EillDlllVEI 1111. OF TEtHlll06Y, DEPT. OF I.E. , II. -

?rojected Balance Sheets, construction in D~lits 

.... . ..... 
iat1l i55tt5 .. • • • . • • • • • 

=i11I us.ts, net of depreciitian 
:C.structiGft in progrKs •••• 
::rr1nt isset~ • • • • • • • • • 
:.sh, bank • • • • • • • • • • • 
:.:::. S11rplus, f inilltt 1v1ilible • 
·.oss citrieil fr.urd •••••• 
.r.ss • • • • • • • • • • • • •• 

•Gtil liibilities •••••••• 

qt1i ty cipi hl • • • • • • • • • 
eserves, rebined protit •••• 
rafit • • • • • • • • • • • • • 
oag. ud lediUll ter1 debt • • • • 
urrent liibil Hies • • • • • •• 
ak overdnft, finmce required. 

quity, 1 of liibilities •••• 

1990 

462000.000 

0.000 
440400.000 

0.000 
0.000 

21600.000 
0.000 
0.000 

462000.000 

154000.000 
0.000 
0.000 

308000.000 
0.000 
0.000 

308000.000 

n.m 
-------------------

Prodiaction Unit for ~indpups -- 10-02-1989 
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----------·-----------C.AR 2.1 - EI811JVE1 mI. llF tmm.D&Y, DEPT. OF I.E., ll. -

=>ro:jected Balance Sheets, Production i1 Dolhrs 

til" • . • • • • • • • • • • • • • 

·otil.assets •••••••••• 

=i16 usets, ut ot depreciation 
:aastracti on i a progress • • • • 
:urreat assets • • • • • • • • • 
:iSh' . bilk • • • • • . • . • • • 
:Hh surplus, finillce availible • 
.oss urried fonwd • • • • • • 
.DSS •. • • • • • • • • • • • •• 

·otiL liibili ties • • • • • • • • 

llUitr capital ••••••••• 
.tserYISt retained profit • • •• 

oag ud lldiu ten debt •••• 
reat: liibili ties ••••••• 

illk o:r1rdnft, fin.uce required. 

1991 

679854.200 

399150.000 
0.000 

61614.590 
6930.556 
6859.063 

0.000 
205300.000 

679854.200 

214000.000 
0.000 
0.000 

448000.000 
17854.l!O 

o.ooo 

465854.200 

31.477 

1992 

782489.600 

357900.000 
0.000 

69653.540 
6547.m 

29163.810 
205300.000 
113925.000 

782489.600 

254000.000 
0.000 
0.000 

508000.000 
20('19.590 

0.000 

528489.600 

32.460 

1993 

786833.300 

316650.000 
0.000 

82647.220 
6500.000 

19761.060 
'i19225.000 

42050.000 

7868l3.300 

254000.000 
0.000 
0.000 

508000.000 
24833.340 

0.000 

532833.300 

32.281 

1994 

929616.700 

275400.000 
55000.060 

101600.000 
483l.333 

131508.300 
361275.000 

0.000 

929616.700 

254000.000 
0.000 

140950.000 
508000.000 
26666.670 

0.000 

534666.700 

27.323 

1995 

926733.300 

289150.000 
0.000 

97225.000 
3444.445 

316588.900 
220325.000 

0.000 

926733.300 

254000.000 
0.000 

190950.000 
457200.000 
24583.340 

0.000 

481783.300 

27.408 

Production Unit for llindpu1ps --- 10-02-1989 

----------- COllFAR 2.1 - EINDHOVEI 1111. OF TECJllOl.061, DEPT. OF I.E., NL --

ra.:iected Balance Sheets, Production in Dollus 

lit' •.•.•••••••••••• 

otil~assets •••••••••• 

i1e4~11stts, net of depreciation 
nstraction in progrest •••• 

ilh I , billk • • , • • • • • • , , 
sh·surplus, finance available. 

oss curitd fanud •••••• 
055: •.•.•••••••••••• 

ohr liuiliti11 •••••••• 

11ity1u,ibl ••••••••• 
1ttrv11,.ret1intd profit •••• 
ofi t: e · e e e I I I I I I I I I 

Ol\9 11d·lldiu1 ter1 debt •••• 
rre1t.liabilitie1 ••••••• 

111k overdraft, finance required. 

tal. debt ••••••••••• 

Quity,.%.af liabilities •••• 

1996 

903930.000 

247900.006 
6.000 

95002.770 
2750.000 

528902.300 
29375.GOO 

0.000 

903930.000 

254000.000 
0.000 

221030.000 
406400.000 
22500.00G 

0.000 

428900.000 

28.100 

1997 

1049865.000 

206650.000 
0.000 

95002.770 
2750.000 

745462.300 
0.000 
0.000 

1049865.000 

254000.000 
191655.000 
226110.000 
355600.000 
22500.000 

o.ooo 

378100.000 

24.194 

1998 

1230255.000 

165400.000 
175000.000 
95002.770 
2750.000 

792102.300 
0.000 
0.000 

1230255.000 

254000.000 
417765.000 
231190.000 
304800.000 
22500.000 

0.000 

327300.000 

20.646 

1999 

1415725.000 

299150.000 
0.000 

95002.770 
2750.000 

1018822.000 
o.ooo 
0.000 

1415725.000 

254000.000 
648955.000 
236270.000 
254000.000 
22500.000 

0.000 

276500.000 

17.941 

2000 

1606275.000 

257900.000 
0.000 

95002.770 
2750.000 

1250622.000 
0.000 
o.ooo 

1606275.000 

254000.000 
885225.000 
241350.000 
203200.000 
22500.000 

o.ooo 

225700.000 

15.813 

Production Unit far Windpuep1 ••• 1~02·1989 
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Projected Balance Sheets, Production in Doll•s 

tw ............... 2001 2002 2003 2004 2005 

Tolil usets . . . . . ..... 1801905.000 2002615.000 2222155.000 2433025. 000 2699775.000 

Fi1a .usets, Ht of HprKiiliaa 216650.000 175400.000 147900.000 161650.000 1204G0.000 
strudi• i• Fatrtss . . . . 1.000 0.000 55000.000 0.000 0.000 

:.rat i~ts ......... 95002.770 95002.770 t:i002.170 95002.770 95002.770 
2750.000 2750.000 2750.000 2750.000 2750.000 

;urpl1s, fiaiftce iYiil,.le • 1417502.000 1729462.000 1921502.000 2173622.000 2481622.000 
s.cil'ried farllirll ...... o.ooo 0.000 0.000 0.000 0.000 

0.000 0.000 0.000 0.000 0.000 

1801905.000 2002615.000 2222155.000 2433025.000 2699775. OOI 

·ty Cilitil . . . . . . . . . 254000.0'JO 254000.000 254000.000 254000.000 254"10. 000 
JtS1 .rehilff profit •••• 1126575.000 1373005.00I 1624515.000 1894155.000 2156525.000 

246430.000 251510.000 270340.000 261670.000 266750.000 
M4 lldiu ten llet • • • • 152400.000 101600.000 50800.000 0.000 0.000 

22500.000 22500.000 22500.000 22500.000 22500.000 
k overdnft, finuce r111uintl. 0.000 0.000 0.000 0.000 o.ooe 

174900.000 124100.000 73300.0IJO 22500.000 22500.000 

14.0911 12.683 11.430 10.440 t.408 

Production !nit for llilltlpulps -- 10-12-1989 
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Prad.lctim !mi t far llildpups 
10-02-1989 
Isolltttl plat, tu iachdH 

l yHrlsl of cllllstndioa, 15 yY"s of pro4uctim 
currHCy CClllYtrSiDI ut15: 

fartiga arrtnCy 1 •it = 
lacil urreacy l unit = 

Kcaunti~ curreacy: lolhrs 

1.0000 anits KCClllllti .. currHCy 
1.0000 111its KCllUllti•• curreact 

Total initial i nvest•ent durin• cDDstncti1111 pllist 

fi1ed nstts: 
curr11t isstts: 
tohl •sstts: 

440400.00 
0.00 

440400.00 

----·------------------------~-

71.617 I farci .. 
0.000 % for1ig1 

71.617 1 foreign 

Source o.f funds during con;tructiDI pllise 

equity • grillts: 
foreign loins : 
lacil la.ns : 
tatil funds : 

154000.00 
308000.00 

o.oo 
462000.00 

0.000 I fonip 

66.667 I foreign 

CashfloN fro• operations 

Y1i1r: 2 
optriting ~asts: 336250.00 l4287S.OO 
depnciitiar. 41250.00 41250.00 
inter Ht 37300.00 47800.00 

---------------- ---------- ------------
production casts 415300.00 
thtreaf fani gn 86.1~ % 

tatil Siles 210000.00 

grass incau -205300.00 
net incau -205300.00 
cuh bil anc1 -14740.97 
l'rt cuhf1111 -176941.00 

Nit frt5tnt V1lu1 it: 10.00 1 s 

16.81 % 
12.86 % 
22.44 l 

Internal Rate of Returns 
Return an equityl: 
Return on equity2: 

431925.00 
83.58 % 

318000.00 

-113925.00 
-113925.00 

22304.78 
-29895.22 

346957.40 

Ind•x of Sch•dul •• produud by COllFAR 

4 
367000.00 
41250.00 
50800.00 

----------
459050.CO 

74.99 % 
600000.00 

140950.00 
140950.00 
111747.20 
162547.20 

Total initiil inve1t11nt 
Total inve1t1ent during production 
Total production costs 
Worki~g Cipital requir11ent1 

Cuhfla11 Tilll11 
Projected 81!1nce 
Ntt inco11 1tat11ent 
Source of fin•nce 



:ashf 1 ON Tab 1 es, construction in Dolhrs 

ell' ••••••• 

~otil Ci~ i1fl1111 

fililCiil rtsou:"Cts , 
Siles, net of tu • • 

~Otil Cisll outfl1111 •• 

Tohl isstts • • • • 
llperitir.g costs • • • 
Cast of finiilce • • • 
llepiyMnt ••••• 
torpcrate tu 
tividends piid ••• 

nEow, loul • • • • 
tflo•, lonl •••• 

ill'plus I defitit ) • 
11!:~, foreign ••• 
utiio•, foreign ••• 
urp!us I ·deficit l • 

et cashflo• ••••• 
lited net cashflo• 

462000.000 

.W000.000 
0.000 

440400.000 

425000.000 
0.000 

15400.000 
0.000 
0.000 
0.000 

21600.000 
21600.000 

154000.000 
125000.000 
2'000.000 

308000.000 
315400.000 
-7400.000 

-425000.000 
-425000.000 

A9 -23-
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Cash:flow tables., production in Doll us 

ltil' • . • . • • • • • • • 1991 1992. 1993 1994 1995 1996 

rotil. tisll inH• .. 427854.200 420635.400 424343.800 601833.300 600000.000 600000.000 
------ -----

Finaciil reslltll'cts • 2171154.200 102635.400 4343.750 1833.332 0.000 o.ooo 
Silts,.n1t of til •• 210000.000 318000.000 420000.000 600000.000 600000.000 600000.000 

rotil cislt outflOt1 •• 442595.100 398330.600 433746.500 490086.100 432407.000 498201.700 
---- ------

iotil iSstts . . .. 68545.140 7655.623 12946.460 72286.110 -5763.889 -2916.667 
llperitiat casts • • • 336250.000 342875.000 370000.000 367000.000 317000.000 292000.000 
Cast of fiHnce • • • 37800.000 47800.000 50800.000 50800.000 50800.000 45720.000 
Rlpiy•t . . . .. 0.000 0.000 0.000 0.000 52883.330 52883.340 
Carporile til ... 0.000 0.000 0.000 0.000 17487.500 110515.000 
liYidads piill . . . 0.000 0.000 0.000 0.000 o.ooo 0.000 

urplus l deficit > . -14740.940 22304.810 -9402.719 lll747.200 167593.000 101798.300 
lit~:cish biliRCt 6859.063 29163.880 19761.160 131508.300 299101.400 400&99.700 

nflOt11• li>c.al . . .. 272437.~00 359118.800 422193.800 601540.000 600000.000 600000.000 
tflo•, local • • •• 59461.800 67146.180 95553.130 112166. 700 126487.500 219515.000 
plus· I detici t } . 212975.700 291972.600 326640.600 489333.300 473512.500 380485.000 

afl1111, fareiga ... 155416.700 61516.670 2150.000 333.332 0.000 0.000 
utflo•,. foreiqa ••• 383133.300 331184.400 338193.300 377919.400 305919.400 278686.700 

plus. ( deficit i . -227716.700 -269667.800 -336043.300 -377586.100 -305919.400 -278686.700 

-176941.000 -29895.210 41397.280 162547.200 269193.000 198318.400 
Ul!Ulited·net CiShflDN -601941.000 -631836.200 -59?438.900 -427891.700 -158698.700 39619.700 
-------------------··--------------------------------------------------------------------------·-----------------------------------

Production Unit for lfindpUlps -- 10-02-1989 
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2.1 1..INIOO 

------------------- COllFAR 2.1 - EllQlllOVEI lllI. OF TEOIUll.06Y, DEPT. OF I.E. , Ill -

:ashfloN tables, production in Dolhrs 

ear·. • • •••••• 199i 1998 1999 2000 2001 2002 

~iltil caslt inH1111 . . 600000.000 600000.000 600000.000 600000.000 600000.000 600000.000 
------

Fin•ciil rKG11rcK • 0.000 0.000 o.ooo 0.000 0.000 0.000 
~11s1 nit of til • • 600000.000 600000.000 6moG.OOO 600000.000 600000.000 600000.000 

;Otil Cislt 01tfl111t • , 496495.000 608955.000 491U5.000 488875.000 486335.000 483795.000 
------- - ---- ---- -----

Tobl iSstls .... 0.000 175000.000 0.000 0.000 0.000 0.000 
llpB'itiDt costs • • • 292000.000 292000.000 292000.000 292000.000 292000.000 292000.000 
Cost of fillillCe , , , 40640.000 35560.000 30480.000 25400.000 20320.000 15240.000 
Re,iyt111t . . . . . 50800.000 50800.000 50800.000 50800.000 50800.000 50800.000 
Corponte til ... 113055.000 115595.000 118135.000 170675.000 123215.000 125755.000 
DiYideeds piid ... 0.000 0.000 0.000 0.000 0.000 0.000 

iurplus i deficit l . 103505.000 -68955.000 108585.000 111125.000 113665.000 116205.000 
litld CiSh biliDCe 504404.700 435449.700 544034.700 655159.700 768824.700 885029.700 

tnfl111t, local . . .. 600000.000 600000.000 600000.000 600000.000 600000.000 600000.000 
tfl1111, locil • • • • 222055.000 224595.000 227135.000 229675.000 232215.000 234755.000 

urplus I deficit l . 377945.000 375405.000 372865.000 370325.000 367785.000 365245.000 
nfllllf,. foreign . . . 0.000 0.000 0.000 0.000 0.000 0.000 
utflo•1.foreign ••• 274440.000 444360.000 264~90.000 259200.000 254120.000 249040.000 
rplus I deficit I . -274440.000 -444300.000 -264280.0W -259200.000 -254120.000 -249040.000 

t ushHDll ••••• 194945.000 17405.000 189865.000 187325.000 184785.000 182245.000 
234564.700 251969.700 441934.700 629159. 700 813944.700 996189.700 

-----------------------~-----------------------------------------------------------------------------------------------------
Production Unit for Mindputps --- 10-02-1989 



:ashfloN tables, production in Dollirs 

IW ••••••••• 

·otal cash inflOll • • 

Financial resources • 
S.les, net of tu •• 

:·ohl cish ootfl1111 •• 

Total issets • • • • 
Operating costs • • • 
Cost of finince ••• 
RlpiyHnt , , , , , 
Corporite tu 
Dividends paid ••• 

iurplus I deficit > • 
:ueulated cash balance 

inflow, loul •••• 
tflo1, locil • • • • 

,urplus I deficit > • 

nflDW, foreign ••• 
utflow, foreign ••• 
urplus I deficit > • 

et CiShfl Oii , ; , , , 

uaulated net cashflo1 

200l 

600000.000 

0.000 
600000.000 

5431l0.000 

55000.000 
292000.000 

10160.000 
50800.000 

135170.000 
0.000 

56870.000 
941899.700 

600000 .. jQ 

244170.000 
355830.000 

o.ooo 
298960.000 

-298960.000 

117830.000 
1114020.000 

2004 

600000.000 

0.000 
600000.000 

478715.000 

0.000 
292000.000 

5080.000 
50800.000 

130835.000 
0.000 

121285.000 
1063185.000 

600000.000 
239835.000 
360165.000 

0.000 
238880.000 

-238880.000 

ln165.000 
1291185.000 

2005 

600000.000 

0.000 
600000.000 

425375.000 

0.000 
292000.000 

0.000 
0.000 

133375.000 
0.000 

174625.000 
1237810.000 

600000.000 
242375.000 
357625.000 

0.000 
183000.000 

-183000.000 

174625.000 
1465810.000 

A9 -26-
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.. -· ' 2.1 UN I DO 

---------------- COKFAA 2.1 - EIIDHOVEI UII. Of TECHNOL06Y, !>EPT. OF I.E., It. --

Ca.s.h~loN Discounting: 

iJ £quity piid versus ltt inca. Ha: 
ltt present vilue •••••••••••••• 109733.10 it 
Internil Rite of Return IIRREI> •• 12.86 1 

!ii Nit llorth versus llet nsh return: 
llet present vilue •..••••••••••• 301114.50 it 
Internil Rit! of Return !IRRE2) •• 22.44 1 

:l rnternil Rite of Return on totil invest1e11t: 
~t present nlue •••••••••••••• 346957.40 it 
Internil Rite of Return { IRR i .. 16.811 

1et llortb = Equity paid plus reserves 

10.00 1 

10.00 1 

10.00 1 

-----------------------------------
Production Unit for Mindp119ps -- 10-02-1989 
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------ CiaeAR 2.1 - EilllilOVEI 1111. OF TEO..O&J, DEPT. OF I.E., a.----

"et Incoae Stateaent in Dollif's .. 

·abl. 5Lts1 i1el. Silts tu • • • • • 
_ess: variable costs, incl. salts til. 

i .. iilde. lil'fiD • • . • • • • • • • • 
•s 1 Rf total sales • • • • • • • • • 

lperatimal ur1i1 • • • • • • • • • • 
%. af tat:al ules • • • • • • • • • 

t. Df filallet . . • . . . . . . . . 

···~ profit • • • • • • • • • • • • 

t profit~•· • • • • • . • • . . • • • 

ivi~piid .•.........• 
istrillllted profit • • • • • • • • • 

cctulallll· undistributed profit ••• 

oss, profit, 1 of total sales •••• 
et proli.t, % of total HlH • • • • 

;. let: profit, 1 of equity ••••• 
r, lllt: profit+int1rest, 1 of invest. 
·---------- ------· 

1991 

210000.000 
84000.000 

126000.000 
60.000 

293500.000 

-167500.000 
-79.762 

37800.000 

-205300. 000 
0.000 

-64350.000 
0.000 

-205300.000 

0.000 
-205300. 000 
-205300.000 

-97.762 
-97.762 
-95.935 
-35.212 

1992 

318000.000 
127200.000 

190800.000 
60.000 

256925.000 

-66125.000 
-20.794 

47800.000 

-113925. 000 
0.000 
0.000 
o.ooo 

-113925.000 

0.000 
-113925.000 
-319225.000 

-35.825 
-35.825 
-44.852 
-13.756 

1993 

420000.000 
168000.000 

252000.000 
60.000 

243250.000 

8750.000 
2.083 

50800.000 

-42050.000 
o.ooo 
0.000 
o.ooo 

-42050.000 

0.000 
-42050.000 

• -361275.000 

-10.012 
-10.012 
-16.555 

1.788 

19'4 

600000.000 
240000.000 

360000.000 
60.000 

168250.000 

191750.000 
31.958 

50800.000 

140950.000 
0.000 
o.ooo 
0.000 

140950.000 

0.000 
140950.000 

-220325.000 

23.492 
23.492 
55.492 
34.255 

1995 

600GOO.OOG 
240000.000 

l60000.000 
60.000 

umo.ooo 

241750.000 
40.292 

50800.000 

190950.000 
0.000 

34975.000 
17487.500 

173462.500 

0.000 
173462.500 
-46862.500 

31.825 
28.910 
68.292 
40.329 -----------------

Produdi111 Unit for llindpulflS - 10-02-1989 
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,-· 2.i LIN I DO 

COllFAR 2.1 - EIIDHOVEI 1111. Of TECHIOLOGY, DEPT. Of I.E., ~ -

Inco•e State•ent in JklllitS 

1996 1997 1998 1999 2000 

"atil Siles, i1d. SiiK til ••••• 600000.GOO 600000.000 000000.000 600000.000 DOOGa0.000 
.ess: v•iible costs, incl. siles tu. 240000.000 240000.000 240000.000 240000.000 240000.000 

-----
:•i1ble ••gin . . . . . . . . . . . l6il000.000 360000.000 360000.000 360000.000 360000.000 
\s % of tot1l s1les ......... 60.000 60.000 60.000 60.000 60.000 

lm-nriible co;;ts, incl. deprKi1tion 93250.000 93250.000 93250.000 9n50.000 91250.000 

•ntioa1l urgia • • • • • • • • • • 266750.000 266750.000 266750.000 266750.000 266750.000 
\s % of total Sile.. ......... 44.458 44.4S8 «.458 44.451 4C.C58 

45720.QOO 40640.000 35560.000 30480.000 25400.000 

221030.000 226110.000 231190.000 236270.000 241350.000 
0.000 0.000 0.000 0.000 o.ooo 

221030.000 ~!!!.000 231190.000 236270.000 241350.000 
110515.00V 11305'3. 000 115595.000 118135.000 12?675.000 ----
110515.000 113055.000 115595.000 118135.000 120675.000 

ivideads p1id • • • • • • • • • ••• 0.000 0.000 0.000 0.000 0.000 
istributed profit ••••••••• 110515.000 113055.000 115595.000 118135.000 120675.000 

cu.,lated undistributed profit ••• 63652.500 176707.500 292302.500 410437.500 531112.500 

oss profit, % of total sales •••• 36.838 37.685 38.532 39.378 40.225 
t profit, % of total sales • • • • 18.419 18.843 19.266 19.689 20.112 
, let profit, % of tquity ••••• 43.510 44.510 45.510 46.510 4i.510 

I, ltt profit+interest, % of invnt. 28.138 27.1180 20.699 20.351 20.003 -------------- -------------------------------------
Production Unit for MindpulflS -- 10-02..:1999 
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2.1 

--CllllFAR 2.1 - EillDHGVEI UII. rF TECHllOL.116!, UC'!. OF I.E., II. -

Inco•e State•ent: in Doll us 

2001 2002 2003 2004 2005 

atil Silts, iacl. Silts til ••••• 600000.000 600000.000 600000.000 600000.000 600000.000 
s: nriillle costs, incl. siles tu. 240000.000 4iooGO.OOO 240000.000 240000.000 240000.000 

ariible lif'gi• . . . . . . . . . .. 360000.000 360000.000 360000.000 ?60000.000 360000.000 
l of total ules . . . . . .... 60.000 60.000 60.000 60.000 60.000 

-vu'iule costs, ind. deprKiation 93250.000 93250.000 79500.000 93250.000 93250.COO 

atioaal urti• • • • • • • • • • • 266~..0.000 266750.000 280500.000 266750.000 266750.000 
l nf total sales . . .. ' ' ' . . . "-458 "-458 46.750 44.458 44.458 

t of fiunce . . . . . ...... 20320.000 15240.000 10160.000 5080.000 o.ooo 
-- - - -

246430.000 251510.000 270340.000 261670.000 266750.000 
0.000 0.000 0.000 0.000 0.000 

246430.000 251510.000 270340.000 261670.000 2~750.000 
123215.000 125755.000 135170.000 130835.000 133375.000 

t profit •••••••••••••• 123215.000 125755.000 l3517C.OOO 130835.000 133375.000 

ividends paid •••••••••••• 0.000 o.ooo 0.000 . 0.000 0.000 
distributed profit ••••••••• 123215.000 125755.000 135170.000 130835.000 133375.000 
CUIUlatetl undistributed profit ••• 654327.500 780082.SGO 915252.500 1046068.000 1179463.000 

oss profit, Z of total salts •••• 41.072 41.918 45.057 43.612 44.458 
t profit, l of total sales • • • • 20.536 20.959 22.528 21.806 22.229 
, let prnfi t, 1 of equity • • • • • 4a.510 49.510 53.217 51.510 52.510 

I, Ntl profil+inttrtsl, 1 of invest. 19.656 19.308 18.507 17.308 16.985 
------------------------- ·------------------

Proc!uction lllit for llindpups - 10-02-1989 
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lindtl111ps! en 
02-03-1989 
EllEl2 

t yw lsJ of caastnction, 15 years of ;iroductioa 
currt11Cy conversion rates: 

foreign currency l unit = 
local currency 1 unit = 

«:counting currency: ilollars 

1.0000 units accountill! currency 
1.0000 units accounting Clf'rmcy 

Total initial invest•ent lluri119caastructianD111w 

Hied ilssets: 
wrent ilsstts: 
total assets: 

mooo.oo 
o.oo 

353000.00 

71.671 1 forei'8 
0.000 Z foreip 

71.671 1 fareig~ 

Sourctt of funds daring construction pll1st 

equity l grilnts: 130000.00 0.000 Z foreig11 
foreign iNllS : 260000.00 
loc1i lOiltS : o.oo 
\ohl fliRdS : ~90000.00 66.667 1 fareit]ll 

-------· 
Cashflow from operations 

Year: l 2 
ooeratinq costs: 283'250.00 264875.00 
deor!CiatilJll 40000.00 40000.00 
internt 31000.00 36000.00 

-------------- ----- --------
production costs 354250.00 
tlltrHf foreign 84.97 1 
total salts 2:0003.00 

qross inc0tt -!44250.00 
nit lRCHt -144250.00 
cull b1l 1nct 1170.13 
net casllfl u -117829.90 

ltt Prn111t Valut ah 
lnttr111l Ritt of Rtturn: 

10.00 1 • 
32. 71 1 
36.62 % 
48.09 1 

Rtturn on equityl1 
Return on t4uity21 

340875.00 
80.44 1 

318000.00 

-22875.00 
-22875.00 
12938.ll 
48938.13 

1168160.00 

Index of Schedules prCl'Juctd by CO!IFAR 

4 
315000.00 
40000.00 
36000.00 

----
391000.00 

73.91 1 
600000.00 

20900?.00 
209000.00 
93866.66 

165866. 70 

Total initill i .. v11t11nt 
Total inv11t1111t during production 
Tot•l production co1t1 
Workinq Capit1l r1quir111nt1 

Cuflflow 11bl11 
Projtcttd 81lanct 
lftt iftCCllt ltattttnt 
Sauret of fininct 

A9 -31-
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~--iJPCOMFAR 
-··· ~ 2-1 IJN IDO 

--------------------- i:m!FIR 2.1 - EI!IDllOV£I 1111. Qf IEDmll.O&Y, DEPT. IF I.E.,._ -

Initial Investment ia Dali1rs 

,,.,. . . . . . . . . . . . . . . . . 
Fi11d iavest8111t costs 
liH, site ,,-ep.,.1tion, develop1e11t 
81.ildi119S 111d civil .arls ••••• 
lui!i.-y ind serrice fKilities • 
lacarparited fi11d 1ssets • • • • • 
Plat 111Chiaery ad t!iJuipeHt ••• 

Totil foetl iavfft•t cosb • • • • 

Pr-e-praductiaa upibl eirptaditures. 
lltt lllliilllJ capitil •••••••• 

Tat1l initiil iawest.elt costs ••• 

1990 

O.OGO 
200000.000 
100000.000 

0.000 
40000.00t 

340000.000 

13000.000 
0.000 

353000.000 

71.671 

llilld,..,s~ EJIEl - 02-03-1989 
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---·-----·------------- ClllFAR 2.! - EIUHGVEI 1111. OF TECHlll.O&Y, ilEPT. OF I.E., Ill --

Tat: al Current Invest•ent i1 !olhrs 

!..- ••••••••••••••.. 1991 1992 1993 1994 199S 

File i1ft!ihelt casts 
l.Md, site pr1p1nti•, dtftlapant G.030 o.oeo O.OGO 0.000 o.oc-o 
lllilii119S illll civil 1111rks ••••• O.CiOO 0.000 O.M 0.000 i}.000 
Auziliir! i"4 ~ice f1eilities . O.OGO o."' 0.000 100000.000 0.6'.~ 

IKW,.rata fi1td HStts • • • • • o.ooo 0.000 0.000 0.000 u.OOI 
Pl•t, udtilllff ad •ipNlt .. 0.000 o.ooe 0.000 0.000 0.000 

Tltu fi1H iawst .. t casts •••• 0.000 0.000 0.000 100000.000 O.OOft 

Pr.-aducti• ca,itals exlfftditures. ft.GOO o.ooo 0.000 o.ooo 0.000 
llrti119 ca,ital . . . . . . . . . . 44579.860 4186.176 1283.262 19133.330 -1972.219 

Tetal carrt11t iAYesUltlt costs • • • 44579.860 4186.876 128l.262 119133.300 -1972.219 

&7.982 67.698 79.062 98.601 0.000 

lindpups, EllEl. - 02-ol-1989 

--·--------- CO!IFAR 2.1 - EillllHOVEI ml. OF TECH1Cllll6Y, DEPT. IF I.E., ll. -

Current Invest•en~ i• Dal hrs 

199H7 1999 1999-2002 

Fized i11wesUllt costs 
Ull4, sill pr1p¥•tiaa, dlYtlopeHt O.OGO 0.000 O.OGO 0.000 
llildillfs illd ciwil 1111rts ••••• 0.000 0.000 o.ooo o.ooo 
lluiiJiary iftd strvice ficilities . o.ooo 100000.000 0.000 100000.000 
lncorparatld fi1lll usets ••••• 0.000 0.000 0.000 0.000 
Pl•t, 11efliw1 1114 1qui,_.t .. 0.000 40000.000 o.ooo 0.000 . .. . .. 

Total fixed in'lflt ... t costs • • •• 0.000 140000.000 0.000 100000.000 

PrepraclcK.~i11 capitals 11penditures. 0.000 0.000 0.000 0.000 
larti"' ,.,; tll . . . . . . . ... 0.000 o.ooo 0.000 0.000 

Tot•l etrrlftt 1n•nt .. t costs ••• o.ouo 140000.000 0.000 100000.000 

0.000 100.000 0.000 100.000 

-------- ......... -------.-----·-------------------------------··--------------------------------------------------------------------------! 

lindpu1111, EJIEl. --- 02-03-6999 
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·--- ClllFAR 2.1 - EiUllOVEI IJCI. IF iECHICil.06Y, DEPT. IF I.E., 11. -

Tat~l Production Cost:s in Dollit'S 

fer ........ ........ 1991 1992 1993 1994 1995 

l of 1111. c.,acity fsi119Ie p~aitict). 35.000 53.000 70.000 100.000 too.coo 
Rill uteri ;ai 1 • • • • • • • • • • • 56750.000 83474.990 119000.000 11~.000 170000.000 
atW r• uteri;als . . . . . . . . 28000.000 21200.000 14000.000 200C3.000 20000.000 

2000.000 2500.000 3000.000 3000.000 3000.C.OO .,, . . . . . . . . . . . . . . . 0.000 0.000 0.000 o.ooo O.OOo 
10500.000 21200.000 lS000.000 50000.000 50000.000 

llplir 1 NiltfUICt . . . ..... 0.000 o.ooo 0.000 0.000 0.000 
2000.000 2500.000 3000.000 3000.000 1000.000 

FKloty OVlrNMS . . . . . . ... USOOl).000 90080.000 65000.000 40000.000 15000.000 

FKtorr costs . . . . . . ..... 214250.000 220875.000 239000.000 286000.000 261000.000 
Ailliaistntin overllffds •••••• 69000.000 44000.000 29000.000 29000.000 19000.000 
lldir. costs, ulH iM distrillutian 0.000 0.000 8.000 0.000 0.000 
lirtct costs, sales ~ distrilluti11 0.000 0.000 0.000 0.000 G.000 
llprEC!itill . • • • . • • • • • • • 40000.000 40000.000 40000.000 40000.000 40000.000 
Fi1N11Ci•l casts . . . . . ..... 31000.000 36000.000 36000.000 3'000.000 32490.00C 

T1t1l pradlcti11 costs • • • • • • • 354250.000 l4087S.OOO 344000.000 391000.000 352400.000 
:: : e == . :a: - -. 

10121.430 64lt.&04 4914.280 :mo.ooo 3524.000 
Of i l fareiga, l • • • • • • • • • • 14.968 90."° 75.581 73.913 71.056 
Df it YUiifllt,1 • • • • • • • • • • 23. 712 37.316 48.937 6l.l8t 68.UM 
Total blrour • • • • • • • • • • • • 79500.000 05200.000 64000.000 79000.000 69000.000 

-----· -----
llindp111ps, 9IEl. -- 02-03-11189 
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Total Product: ion Cost:s i11 Dollars 

,, .................. 1996 1997 1998 1999 ~-000 

! of am. capKity lsiatJ!e praducU. 100.000 100.000 100.000 100.000 100.000 
Rill uttriil 1 • • • • • • • • • • • 170000.000 170000.000 170000.000 170000.000 1700.JO. 000 
Other r1w 11teri1ls ........ 20000.000 20000.000 20000.000 20000.000 20000.000 
Utilities . . . . . . . . . . . . . 1000.000 1000.* 3000.000 3000.000 3000.000 -IJY ............... o.coo o.ooo 0.000 o.ooo O.GOO 
~. llirect •..••••..•. 50000.000 50000.000 50000.000 50000.000 50000.CaOO 
llpiir 1 Uiltellillet ........ 0.000 0.000 0.000 0.000 0.000 
Spires . . . . . . ........ 3000.000 1000.000 3000.000 1000.00G 3000.000 
F1etary DVerlleHs ......... 15000.000 15000.000 15000.000 15000.~ 15000.000 

FKtory costs ........... 261000.000 261000.000 261000.0CO 261000.000 261000.000 
AIW1istr1tive orerllHds •••••• 19000.000 19000.000 19000.000 19000.000 19000.000 
lldir. costs, s.les Md distributiaa 0.000 0.000 0.000 0.000 0.000 
Direct costs, Silts illd distributioa 0.000 0.000 o.ooo 0.000 0.000 
leprteiitiOD . • • • . . • . • . • . 40000.000 40000.000 40000.000 40000.000 40000.000 
Fiunci1l costs . . ........ 28800.000 25200.000 21600.000 18000.00G 14400.000 

---- -----
Toti!. prac!acti1111 costs • • • • • • • 348800.000 345200.000 341600.000 llS000.000 334400.000 . 

-·::zc :: - ----======== =--- -=== ====== 
3488.000 3452.000 3416.000 3380.000 3344.000 

Of it foreign, 1 •••••••••• 70.757 70.452 70.141 69.822 69.498 
.Of it Yiri•blt,1 , • , • , , • , • , 6&.807 69.525 70.258 71.006 71.770 
Totil lillour • • • • • • • • • ••• 69000.000 69000.000 69000.000 69000.000 69000.000 

----- ··-----------------------
lindpUJ111s, Ell£'_ -- 02-03-1989 
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------·---------·------ COl!FAM 2.1 - EilllHOVEJI Ull. llF TtCHN!ilD6Y, l>EPT. OF I.E., a -

Total Production Costs in Doll•rs 

,,. ............... . 
% af no.. tipicity !single product>. 
Rilf uteri1l 1 • • • • • • • • ••• 
athtr raw uteri•ls • • • • • • • • 
l'tilititS ••••••••••••• 
Energy • • • • • • • • • • • • • • • 
lai:aur, direct . . . . . ..•... 
tep.ir, uintenaace •••••••• 
Sparn •..•..•.••. • . · 
Factory overheids • • • • • • • • • 

Factory costs • • • • • • • • • • • 
Alltinistritive overheads •••••• 
lndir. costs, sales ind distribution 
lirect costs, Siles itld distributiOll 
lepr1ei1tian • . • • • • . • . ••. 
FinillCill costs • • • • • • • • • • 

Toti! production costs • • • • • • • 

2001 

100.000 
170000.000 
20000.0\.'I() 
3000.000 

o.ooo 
50000.000 

0.000 
3000.000 

15000.000 

261000.000 
19000.000 

o.ooo 
0.000 

40000.000 
10800.000 

330800.000 

2002 

100.000 
1:'0000.000 
20000.000 
3000.000 

0.000 
50000.000 

0.000 
3000.000 

15000.000 

261000.000 
19000.000 

o.ooo 
0.000 

40000.000 
7200.000 

327200.GOO 

200! 

100.000 
170000.000 
20000.000 
3000.000 

0.000 
50000.000 

0.000 
3000.000 

15000.000 

261000.000 
19000.000 

0.000 
0.000 

15000.000 
3600.000 

298600.000 

2004- 5 

190.000 
170000.000 
20000.000 
3000.000 

0.000 
50000.000 

0.000 
3000.000 

15000.000 

261000.000 
19000.000 

0.000 
o.ooo 

40000.00G 
0.000 

-----
320000.000 

===--====--- --.... - ----=:--==-- ====---=-==-
Casts per unit f single product > • 

Of it foreign, % •••••••••• 
Of it vuiiblt,1 •••••••••• 
T otil 1 ibaur • • • • • • • • • • • • 

I 11 

I Ill 

3308.000 
69.166 
72.551 

69000.000 

3272.000 
68.826 
73.3$0 

69000.000 

2986.000 
65.841 
80.375 

69000.000 

3200.000 
68.125 
75.000 

69000.000 

·------------- ·-----------------
Mindou.ps, EllEL --- 02-03-1969 
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COllFAR 2.1 - £IIDH(i{"'tit 1111. OF TtOllOlOGY, DEPT. OF I.E. , NL ---

Net Working Capital in Dolhts 

YNr . . . . . . . . . . . . . . ... 1991 1992 1993 1994 1995 

CaYtri!I . . . . . . . .. Uc coto 

Currett 1ssets • 
Accounts receivi!Jie ••• 30 12.0 23004.170 22072.920 22333.llO 26250.ll>O 2333l.ll0 
InYflltary ind 11teri1ls • 116 3.1 28458.330 34854.160 43916.670 62416.670 62416.670 
Eaern ......... 0 o.ooo 0.000 0.000 0.000 0.000 
SpirlS ......... 160 1.0 2000.000 2500.000 3000.000 3000.000 3000.000 
lark ia prevess . . . . 2 170.2 920.139 1087.708 1330.556 1661.111 1591.667 
Fi1ished products ... 4 92.S 1993.056 2211.m 2719.444 3300.000 3202.778 

Cisll i II lland . . . . . .. 10 36.0 5458.m 4lao.~6· 3666.667 3188.889 2416.667 
Tot•l current 1ssets . . . . . . . . . 62434.CllO onn.980 76966.660 100016.700 95961.110 
Curr1r.t Huilities md 
Accounts piyule • • • • • • 30 12.0 17854.170 18406.250 19916.670 23833.330 21]C,,O.000 

lllt 1111rking upitil •••••••••• 44579.860 48766.730 57050.000 76183.340 74211.110 
Jncr1111 in wting Cipihl •••••• 44579.860 4186.875 8283.262 1913.S.340 -1972.227 

let llDl'king capit•l, local . . .... 5357.639 6710.069 8444.444 10111.110 lOHt.110 
let 1111rti119 cqihl, foreip . . . . . 39222.220 4205~.670 48605.550 66072.220 64100.000 

lote: Ide = 1ini1U1 days of coverigt ; coto = coefficient of turnovtr • 
-----------------------------------------------·~---~--------- ·--------------------------------

lindp111ps, DIEL -- 02-03-1989 

-------~------------------------------------------------------- COllFAR 2.1 - EillDHOVEI U.l. OF TECHIOLO&Y, DEPT. OF I.E., ll. ----

Net Working Capit.al in Dollirs 

Ytll' • • • • • • • • • • • • • • • I • 1996-2005 

Cover 191 • • • • • • • • • Ide coto 

Currtnt 11s.t1 • 
Accounts rac1ivlllle • • • 10 12.0 
lnvtntory ind •attrial1 • 116 3.1 
Elitr9y • • • • • • • • • 0 
Sp1rn • • • • • • • • • 360 1.0 
llark iP pr119r111 • • • • 2 170.2 
Finillltd products • • • 4 92.5 

C.llt in hand • • • • • • • 10 36.0 
Total current 1111t1 • • • • • • • • • 
Currllit lilllilitin ind 
Accovntt p1y1bl1 • • • • • • 30 12.0 

flft llOl'kin9 Cipitll • • , , • • , , , • 
lncr1as. in workin9 capital •••• , • 

.,t 110rkin9 capt tal, local , • • • • • 

.,t working capital, tor1i9n' •••• , 

23333.330 
62416.670 

o.ooo 
3000.000 
1591.667 
3202.778 
2416.667 

95961.110 

74211.110 
0.000 

10111.110 
04100.000 



lli...._s, EllEl. - 02-03-1989 
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------ COllFAR 2.! - EillDlllVEI UMl. Of TEOllOLG6Y, DEPT. IF I.E., !l. --

Source of Finance~ construct,on ~ ~1¥s 

Y11r •••••••••••••• 1990 

Eqei ty, or di ury •• UCC00.000 
Eq•ity, prefereace. 0.000 
StitsidiES1 91'UtS • u.ooo 

toa A, foreip • 260000.000 
Loa 81 farei" •• 0.000 
Loa C, fartiga • 0.000 
Lo111 A, loci! •••• 0.000 
Loil 9, locil •••• 0.004 
LOiR C1 locil •••• 0.000 

Totai llNll •••••••• 260".AIO. 000 

Current liiltilities 0.000 
litlk overdnft •••• 0.000 

Totil f11ds ••••••• 390000.000 
---·---------------· 

llindpUlflS, EllEl. - 02-03-1~89 
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Source of Finance, production h ~llus 

[4uit71 ordin.ry •• 
[4uit:', pnftrHCe. 
Qdisities, V¥ls • 

Laa A, fareit1 • 
Lou I, fareip •• 
Loa t, foreip • 
I.Dill A, loci! •••• 
Lail I, locil •••• 
Lilift C, loc1l •••• 

Totil loill •••••••• 

Tatil fuads ••••••• 

1991 

50000.000 
0.000 
0.000 

100000.000 
0.000 
0.000 
0.000 
0.000 
0.000 

100000.000 

17854.170 
o.ooo 

1671154.200 

1992 1991 

0.000 0.000 
0.000 0.000 
0.000 C).000 

0.000 0.000 
0.000 0.000 
0.000 o.ooo 
o.ooo 0.000 
0.000 o.ooo 
0.000 '}.000 

0.000 0.000 

552.083 1510.417 
0.000 ~.tJOO 

552.083 ISl0.417 

A9 -39-

1994 1995 1996-2001 

0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 

-36000.000 -36000.000 -36000.0~ 
0.000 o.ooo 0.000 
0.000 0.000 0.000 
o.ooo 0.000 0.000 
0.000 O.C!OO o.ooo 
0.000 0.000 0.000 

-~.000 -lt.000.000 -36000.000 

39:6.D67 -2083.334 o.ooo 
0.000 0.000 0.000 ---

-32083.330 -38083.340 -30000.000 

liadpldps, EllEl --- 02-03-1989 
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-----------------·-- COllFAR 2.1 - EINDHOVQ 11111. Of TEC!llll.116Y, DEPT. OF I.E.,._ -

CAshflow Tables, construction~ ~I~ 

Tatil cult infl• • • 

fl•iltiil rtSGarcts • 
s.lti, nit of tu • • 

Tobi ca outflllil •• 

Tet•l u11ts • • • • 
lperatint costs • • • 
Cost of fi lllllCI • • • 
..,., .. t ••••• 
Carpar1t1 tu 
lividtnds piid ••• 

!nfl011, ?onl • • • • 
Outfl•, latil •••• 
S.rplus l deficit J • 
Inflow, foreign • • • 
OuU11111, foreign • • • 
Surplus t dtficit I • 

1990 

390000.000 

390000.000 
0.000 

353000.000 

340000.000 
0.000 

13000.000 
0.000 
o.ooo 
o.ooo 

37000.000 
37000.000 

130000.000 
100000.000 
30000.000 

260000.000 
253000.000 

7000.000 

-340000.000 
-340000.000 

------------------------------------------------------------------------------------------------------------------------------------
Mindp1119s, EJllEL --- 02-03-1989 
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CllllFAR 2.1 - EilllllJVEll UllI. OF TEODIOUl6Y, DEPT. IF I.E., a. -

CashfloN tables, production in Dal hrs 

T!ir ••••••••• 199! 1992 1993 1994 1995 1996 

Tot1l ca_1 inf!1111 . . 377854.200 319118.800 421510.400 603916.700 600000.000 600000. 000 

Fini1Ci1l resaarces • 1678S4.200 1118.750 1510.417 3916.667 0.000 0.000 
Silts, net of tu • • 210000.000 318000.000 420000.000 600000.000 600000.000 600000.000 

Tot1l c1sll autflGM • • 376684.000 306180.600 313793.700 510050.000 346427.800 344800.000 

Tat1l ~sets .... 62434.0lO 4738.956 9793.681 123050.000 -4055.555 0.000 
Oper1ti ag costs • • • 283250.000 264875.000 268000.000 315000.000 280000.006 280000.000 
Cost of finance • • • 31000.000 36000.000 36000.000 16000.000 32400.000 28800.000 
Rtp1y1t11t . . . . . 0.000 566.667 0.000 36000.000 38083.340 36000.000 
Carpente h1 0.000 0.000 0.000 o.ooo 0.000 0.000 
Dividends p1id . . . 0.000 0.000 0.000 0.000 0.000 0.000 

Surplus ( deficit ) . 1170.125 12938.130 1on16.100 93866.690 253572.200 255200.000 
Culul1ted c1sll b1lance 38170.130 51109.250 158825.000 252691. 700 506263.900 761463.900 

lnflat1, loc•l . . . . 262437.500 319118.800 421443.800 601500.000 600000.000 600000.000 
Outfl1111, loc•l • • • • 56045.140 64146.180 82178.130 100166. 700 97000.000 97000.000 
Surplus I deficit ) . 206392.400 ~972.600 339265.600 501333.300 503000.000 503000.000 
lnfl1111, foreign . . . 115-416. 700 o.ooo 66.607 2416.667 0.000 0.000 
Outfl1111, foreign • • • 320638.900 24203'4.400 231615.600 409883.300 249427.800 247800.000 
Surplus ( deficit ) . -205222.200 -242034.400 -231548.900 -407466.700 -249427.800 -247800.000 

ltt cuhfl ow • • • • • -11782'1.900 48938.110 143716.700 165866.700 321972.200 320000.000 
Culul1ted net c1shf lat1 -457829.900 -408891.800 -265175.000 -99308.330 222663.900 542663.900 

-------------------------------------------------------------------------------------------------------------------~--------------
llindj)UljlS, EllEl. -- 02-03-1989 
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2.1 

C.ash.flow t:ables., production in lollirS 

Ytir ••••••••• 1997 1998 1999 2000 2001 2002 

Totil Ci~ infl1111 . . 600000.000 ffOOOO.OOC 600000.000 600000.000 600000.000 600000.000 

Finacial r1SG11rces • 0.000 o.ooo 0.000 0.000 0.000 0.000 
Siles, net of til • • 600000.000 600000.000 600000.000 600000.000 &00000.000 600000.000 

Tobi c1sfl outfl1111 • • 341200.COO 477600.000 334000.00o 330400.000 326800.000 323200.000 

Totil •sets .... c.ooo 140000.0CO 0.000 0.000 0.000 0.000 
llplriti'f CGStS • • • 280000.000 218000.000 280000.000 280000.000 280000.000 2llOCIOO. 000 
Cost tf fiaact . • • 25200.0CK' 21600.000 18000.000 14400.000 10800.000 1200.000 
ltepiytlllt ..... 36000.000 36000.000 36000.000 36000.000 36000.000 36000.000 
Carpente tu . . . 0.000 0.000 0.000 0.000 o.ooo 0.000 
lividtads piiif ... 0.000 0.000 0.000 o.o0e 0.000 0.000 

258800.000 122400.000 266000.000 269600.000 m200.ooo 276800.000 
1020264. 000 1142664.000 1408664. 000 16782"4. 000 1951464.000 2228264.000 

lnflGW, local .... 6000CO.OOO 600000.000 600000.000 600000.000 600000.000 600000.000 
llltfl•, locil •••• 97000.000 97000.000 97000.000 97000.000 97000.000 97000.000 
Surplus I deficit ) . 503000.000 503000.000 ~-03000.000 50:)000. 000 503000.000 503000.000 
I1flo., fortilJll . . . 0.000 0.000 0.000 o.ooo o.ooo 0.000 
r..UJ 1111, foreign • • • 244200.000 li0600.000 237000.000 2ll-'OO.OOO 229800.000 226200.000 
Surplus l deticit ) . -2"200.000 -380600. 000 -237000.000 -233400.000 -229900.006 -226200.000 

320000.000 180000.000 l2*0.000 320000.000 320000.000 l?OOOC.000 
86'643.900 10.2664.000 1362664.000 1682664.000 2002664.000 2322664.000 

---------------- --------------- --------
lindpu,s, EllEL - 02-03-1989 



C~shflON tables, production~ ~llMS 

Tetil Cisll i•fl• . . 

fi&llCiiJ rl!SOll!'CIS • 
Si11S, att of ta • • 

Toti! .:1sll OiltflClll • • 

Toti! asets • • • • 
lptrilint costs • • • 
Cost If fillMCt • • • 

RlpiJ9111t • • • • • 
Carpar1te tu • • • 
DiriRlds ,ii~ ••• 

!•fl•, loul • • • • 
O.tfl1111, locil • • • • 
Surplus f deficit I • 
l•fl•, fortifl • • • 
Mflaw, fareip • • • 
Sarplus l dtficit I • 

A9 -43-
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•
·~ 

,_ ·~ . _,:~ fiO~f.:~of 
------------------- CDllFAR 2.1 - EIBllOVEll UII. OF TE'llllllll&Y, DEPT. OF I.E., IL -

CAsh~loN Discounting: 

1J Eqaitf p1ill Yll'SIS llt inc111e flClll: 
let present value •••••••••••••• 1044044.00 at 10.00 I 
Intern1l Rite of htarn URREU • • 36.62 I 

ltJ let ~ti! vtrsus ltt c1sb return: 
let presat YllUI ••••••••••••••1113614.00 It 10.00 1 
Intern•! Rate of Return URE> • • 48. 09 1 

d ltt1rnal Rite of Ret1r1 oe total investlfft: 
ltt prlSIClt v1lue •••••••••••••• tl68160.00 at 10.00 1 
lnter111l Rate of Retan < IRR > • • 32. 71 1 

llet llartb = E4uitr p1id plu rKtrves 

Kindp119ps. EllEl. --- 02-03-1989 
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,,.,. . . . . . . . . . . . . . . . . . 
Tobi silts, iKl. silts ti1 ••••• 
Less: viri.-le costs, iacl. Silts til. 

V1riiltle ur9i1 • • • • • • • • • • • 
As I of totil ul K • • • • • • • • • 

lloa-Yiriillle costs, incl. "'Jreci•tioa 

llperitiOllil ur9i11 • • • ••••••• 
As I Gf tatll Sil es • • • • • • • • • 

Cost of fi nillce • • • • • • • • • • • 

Gross profit ••••••••••••• 
AJlOllillCH ••••• • •••••••• 

taxihle profit • • • • • • • • • • • • 
Tu . . . . . . . . . . . • • . . .. 

ltlt profit ..•.•••.....•• 

Dividt11ds piid • , •••••••••• 
llndistriOutlG profit ••••••••• 
Accrtulitld wulistributed profit • • • 

Gross profit, % of tot•l Siles •••• 
ltt ~rofit, I of total lilts • • • • 
ROE, Ntt profit, l of equity ••••• 
ROI, ltt profit+iiternt, l of invest. ----------------

A9 -45-

--- COllFAR 2.1 - EIIDHOVEI l.DlI. OF TECi!lllUl6f, DEPT. OF i.E., a. --

1991 

210000.000 
84000.000 

126000.000 
60.000 

239250.000 

-113250.0GO 
-53.929 

31000.000 

-144250.000 
o.oco 

-144250.000 
0.000 

-1442'0.000 

0.000 
-144(50.000 
-144250.000 

-08.690 
-68.690 
-80.139 
-29.446 

1992 

118000.000 
127200.000 

190800.000 
60.000 

13125.000 
4.127 

36000.000 

-22875.000 
0.000 

-22875.000 
0.000 

-22875.000 

0.000 
-22875.000 

-167125.000 

-7.193 
-7.193 

-12.708 
3.376 

1993 

420000.000 
1680e0.000 

252000.000 
60.000 

140000.000 

112000.000 
26.667 

36000.000 

16000.000 
o.ooo 

76000.000 
0.000 

76000.000 

o.ooo 
76000.000 

-91125.000 

18.095 
18.095 
42.222 
28.208 

1994 

600000.000 
240000.000 

J6000a.ooo 
60.000 

115000.000 

245000.000 
40.833 

36000.000 

20'1000.000 
0.000 

209000.000 
0.000 

209000.000 

0.000 
209000.000 
117875.000 

34.833 
34.833 

116.111 
47.464 

1995 

600COO.OOO 
240000.000 

300000.000 
60.000 

80000.000 

280000.000 
46.667 

32400.000 

247600.000 
ii.000 

247600.000 
o.ooo 

247600.00G 

o.ooo 
2"7600.000 
J6'475.000 

41.267 
41.267 

137.5S6 
54.452 ---·-------------·---

llindpuaps, EllEL -- 02-0l-1989 
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--------- CCFAil 2.l - EilllllJVD UMI. llF TED!aEY, IEPT. llF I.E., a. -

Net Inco•e State•enti• W1¥s 

ftif' • • • • • • • • • • • • • • • • • 

Toti! ules, i1d. Silts tu ••••• 
lHs: v•iale casts, i1cl. Hles tu. 

llriale urgi1 • • • • • • • • • • • 
Is l of tltil silts • • • • • • • • • 

a,tr1timil ••i• . . . . . . . . . . 
As l of t1tll Silts • • • • • • • • • 

Cost If fillillCI •• • ••••• • • • 

&rHS ,,..Gfit ••••••••••••• 
AllllliKH • • • • • • • • • • • • • • 
Tualt profit •••••••••••• 
Tu • • • • • • • • • • • • • • • • • 

let prDf it • • . . • • • • . .. • . . • 

Di vi dHds pii d • • • • • • • • • • • • 
Ullllistriblttd profit • • • • • • • • • 
lccuulitK undistributtd profit ••• 

liross profit, l of tot1l silts •••• 
ltt profit, l of total salts • • • • 
ROE, lllt profit, l of tquity ••••• 
ROI, ltt profit+inttrest, l of invest. 

1996 

600030.000 
240000.000 

l60t00.000 
60.000 

IOI00.000 

280000.Gil 
46.667 

28800.COO 

251200.oao 
o.ooo 

251200.000 
o.ooo 

251200.000 

0.000 
251200.000 
616675.000 

U.867 
41.867 

139.556 
54.452 

~--~-·~---------~~-

1H7 

680000.ooe 
240Qt0.000 

~.000 

·~.000 

80080.IOI 

280oeo.OIO 
46.667 

~-000 

254800.000 
O.M 

254800.000 
o.ooo 

254800.000 

3.000 
.254800.000 
871475.000 

42.467 
42.467 

141.556 
54.452 

1998 

6IOCOO.oot 
24IOOO.OCO 

360000.000 
60.000 

80000.0IO 

2800IO.OOO 
46.667 

21600.000 

258400.000 
0.000 

258400.000 
O.OGO 

258400.000 

0.000 
258400.000 

112'875.000 

4S.067 
43.067 

143.556 
42.800 

1999 

600000.000 
240000.IOO 

360000.IOI 
60.000 

80000.0GO 

280000.000 
46.667 

18000.000 

262000.000 
0.000 

262080.000 
0 000 

262000.000 

0.000 
2!2000.000 

1391175.000 

43.667 
43.667 

145.556 
42.800 

600000.000 
240000.000 

360800.000 
60.0GI 

80000.000 

280800.0M 
46.667 

14400.000 

265600.000 
0.000 

265600.000 
0.000 

265600.000 

0.000 
US600.090 

1657475 000 

44.267 
44.U7 

147.556 
42.800 

llind,...,s, EllEl - 02-03-1989 
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----·----------------CllFl'll 2.1- Elml\'Q uall. OF iEOllllUl&Y, DEPT. OF I.E., .. -

Net Incoae Stateaent~ ~l~ 

•ariilllt ..rtin • • • • • • • • • • • 
111 llf totil UllS ••••••••• 

C,.1tiaul urti• • . . . . . • • . . 
II l If tot1l ules • • . • • • • • • 

r1u~lt profit •••••••••••• 
!n .••.•••••...•••.• 

li•ideftds piid •••••••••••• 
lllfistriMtld profit ••••••••• 
kUlll•tH all4istrihtld profit ••• 

&rOH profit, 1 of totll lllK •••• 

ltt profit, 1 of totil SIJH •• , • 
•, let profit, l of lqClity ••••• 
IOI, •t profit+inttrKt, 1 of ilvtSt. 

6GOOOO.OOO 
24IOIO .... 

TLAAAA ...... -. -·-60.IOO 

IOOOO.MO 

280000.000 
46.'67 

269200.000 
0.000 

269200.000 
0.000 

269200.000 

0.000 
269200.000 

1926675.000 

44.867 
44.867 

149.556 
42.800 

........ 
240000 .... 

IMOOO.llO 
60.000 

llOGt.000 

280000.000 
16.6'7 

7200.000 

272800 • .JOO 
0.000 

272a.OOO 
0.000 

272800.000 

o.ooo 
272800.000 

2199475.000 

. 45.467 
45.467 
151.~6 

42.800 

680IG0.00t 
240000.000 

l6MOO.OOO 
60.oeo 

55COO.OOO 

lC5000.000 
so.m 

l6CO.OOO 

l01480.000 
0.000 

301400.000 
0.000 

30HOO.OOO 

0.000 
301400.000 

2500875. 000 

50.2ll 
50.233 

167.444 
40.440 

600080.000 
240000.IOO 

3'0000.IOO. 
60.060 

ID000.000 

280000.000 
46.6i: 

0.000 

2800CO.OOO 
0.000 

280000.000 
0.000 

600000.Get 
240000.0IO 

360000.000 
60.000 

IOG00.000 

0.000 

280000.000 
0.000 

280000.000 
0.000 

280000 .000 • 280000 .000 

0.000 
2SOUOO.OOO 

2780875. 000 

46.667 
46.667 
155.~ 

37.125 

0.00~ 

280000.000 
3000875. 000 

46.667 
46.667 

155.55' 
37.125 

llindpdps, EllEl -- 02-03-1999 
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---------------------- C!llFAR 2.1 - EI11DiiOV81 tlll. OF T£C.iiMOUl&Y, DEPT. OF I.£., NL -

Projected Balance Sheets, construction in hllus 

,..,. ............. . 
Totil assets •••••••••• 

!=bed HRts, .n ef upr1cii1ti11 
Clllstncti• ill ll"•ISS • • • • 
C:l!T111t assets • • • • • • • • • 
CiM, ..... • •••••••••• 
C.sli SllfJlfi1 fiUllCt iYiilMlt • 
loss cirriH fant¥11 • • • • • • 
tfii •••••••••••••• 

Totil lii~ilitiirs •••••••• 

~itr npitll ••••••••• 
lestnls, rttiilltd profit • • _ . 
Pr'ofit • • • • • • • • • • . •• 
Lant w lllli• ten deit •••• 
C&rrent liillilitiH •• , •••• 
blic 11nrllrift, fiNICe rlt!Uirtd. 

Tot1l ~t . . . . . . . . . . . 

Equity, 1 of liailitiK •••• 

1990 

390000.0CO 

o.eoo 
meoo.ooo 

0.000 
0.000 

17000.oot 
0.000 
0.000 

mooo. ooo 

130000.000 
o.ooo 
0.000 

260000.000 
0.000 
0.000 

mooo.ooo 

33.333 

llindpuaps, E!IEl - 02-03-1989 
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--------------·----- ctlllf~ 2.l - EI~tN !III. i?F i~~111Dtt'6Y, :IE?T. OF r.E.! ._ -

Projected Balance Sheets, Production l• ~1¥s 

YIM" • • • • • • • • ~ a • • • • 

Tot.i .assets • • • • • • • • • • 

Fi11tl iSsttf, 1et of "1trKi~tiaa 
CelstradiGI in pr.KS • • • • 
t.rr111t .assets • • • • • • • • • 
c.sli, ltilt •••••••.••. 
C.9 serplus, finact IYiilUlt • 
loss nrrild fGnNri •••••• 
Lass •••••••••••••• 

T1t1l li,.ilititS • • • • • • • • 

•i ty c11i bl • • • • • • • • • 
lfilrvtS, rttiillff profit •••• 
,,.ofit ............ . 
lGGt il4 ltdiu hr• dfft • • • • 
Currat iiailitiK ••••.•• 
lak cwtrdr1ft, fillinct required. 

Totil dHt ••••••••••• 

£4uity, 1 of liabilities 

1991 

S5illS4. 200 

313000.000 
0.000 

56975.700 
S4S8.Jl3 

38170.160 
o.ooo 

144250.000 

5578S4.200 

180000.000 
0.000 
o.ooo 

360000.000 
17854.170 

o.ooo 

l71854.200 

32.266 

273000.000 
0.000 

62792.430 
4380.556 

51108.250 
144250.000 
22815.000 

5511406.lOO 

180000.000 
0.000 
o.ooo 

360000.000 
18406.250 

0.000 

378406.lOO 

32.235 

1993 

63S9l6.700 

233000.000 
o.ooo 

73300.000 
3666.667 

1511825.000 
167125.000 

o.ooo 

6m16.700 

180000.000 
0.000 

76000.000 
360000.000 
19918.670 

o.ooo 

379916.700 

28.306 

1994 

193000.000 
100000.000 
96627.770 
3388.889 

252691.700 
91125.000 

0.000 

736833.300 

180000.000 
0.000 

209000.000 
324000.000 
2l83l.340 

0.000 

l478ll.300 

24.429 

1995 

llSS22S. 000 

253000.000 
O.* 

93544.440 
2416.667 

506263.900 
0.600 
0.000 

855225.000 

180000.000 
117875.000 
247600.000 
288000.000 
21750.000 

0.000 

309750.000 

21.047 

lfinclpups, EllEl. - 02-0l-1989 

...... --------- -------- CDllFAR 2.1 - EIIDRJVEI •I. Of TECHIOlo&Y, DEPT. Of I.E., Ill --

Projected Ba.lance Sheets, Production ia llul hrs 

Tur . . . . . . . .. . . . . . . 1996 1997 1998 1999 2000 

Tolil Hstts . . . . . . . ... 1070425.000 1289225. 000 1:511625.000 1737625.000 1967225.000 
----

Fi11d iSHh, att of 4tprKi1tion 213000.000 173000.000 133000.000 mooo.ooo 193000.000 
Colstructi111 in progr111 .... 0.000 0.000 140000.000 o.ooo o.ooo 
Currtnt 1111ts . . . . . . ... 93'44.440 93'44.440 93544.440 93544.440 93544.440 
Clsll, b1nt . . . . . . . . ... 2416 • .07 2416.667 2416.667 2416.667 2416.667 
Casll 111rplus, fin1nc1 1v11libl1 • 761463.900 1020264.000 1142664.000 1408664. 000 i:.iB264.000 
Lon urrild forNTd . . . ... o.ooo 0.000 0.000 0.000 o.ooo 
Loss . . . . . . . . . . . ... o.ooo 0.000 0.000 0.000 0.000 

Tobi lilbilitin •••••••• 1070425.000 1289225.000 1511625.000 17l762'.000 1967225.000 

----------- ------------ ----------- ---------- -----------
Equity CIPi bl . . . . . . ... 180000.000 180000.* 180000.000 180000.000 180000.000 
Rtttrvts, r1t1intd profit •••• 365475.000 61667~.ooo 871475.000 1129875.000 1391875.000 
Profit . . . . . . . . . . . . . 251200.000 254800.000 258400.000 262000.000 265600. 000 
l.oll9 llld ltdiu• t1r1 dlflt , • , , 252000.000 216000.000 180000.pOO 144000 • .>00 1oeooo.ooo 
Curr1t11t li•bilitin ••••••• 21750.000 21750.000 217'0.000 21750.000, 21750.000 
8111~ ovtrdr1ft, fi~1nc1 r1C1uir1d. 0.00\. o.ooo o.ooo 0.000, 0.000 

I 

Total dlllt . . . . , . . . . . " 273750.001) 237750.000 I 201750.000 165750.000, I 129750.000 I 

I 

Equity, % of li1oiliti1t . , . ' 111.816 13.962 11.,908 10.359, I I 9.150 I 

-·--··---·---------·------



-----------·------- CC-:'fFAR 2.1 • EIUN0\9 liMI. ilF im!li0lii6Y, i!EPT. OF r.£., a. -

Projected Balance Sheets, Production 11 hll¥s 

,... . ............ . 
Totil issets • • • • • • • • • • 

Fi11tl isuts, let of dlpreciiti11 
Cllstr11Cti• ii progrHS • • • • 
Clrr11t 11sets • • • • • • • • • 
CISlt, '-t •.•........ 
Cisl 51rJl11S, filUICe IYililUlt • 
Loss cirri• fllntird • • • • • • 
loss •••••••••••••• 

Tobi liailitiK • • • • • • • • 

&,uity cipi t1l • • • • • • • • • 
Rffer'IH, r~hillH profit •••• 
Profit ............. . 
lltlf Md IHiu te.·1 ifllt •••• 
Carr1t1t lilllilities • • • • • • • 
lift~ overdnlt, filiillte required. 

iot11 det ••••••••••• 

Equity, % of liiltilihH •••• 

2GO! 

2200425.000 

lSl000.000 
o.ooo 

93544.440 
2416.667 

1951464.000 
0.000 
0.000 

2200425.000 

180000.000 
1657475. 000 
269200.000 
72000.GOO 
21750.000 

0.000 

93750.000 

8.180 

2092 

2437225.000 

113000.000 
o.ooo 

93544.440 
2416.667 

2221264. l80 
0.000 
0.000 

2437225.000 

180000.000 
1926675.000 
272800.000 
36000.000 
21750.000 

0.000 

57750.00(I 

7.385 

2003 

2702625.000 

98000.000 
100000.000 
93544.440 
2416.667 

2408664.000 
0.000 
0.000 

2702625.000 

180000.000 
2199475.000 
301400.000 

0.000 
21m.ooo 

0.000 

21750.000 

6.660 

2982625. 000 

158000.000 
0.000 

93544.440 
2416.667 

2728664. 000 
0.000 
0.000 

2982625. 000 

180000.000 
2500875. 000 
280000.000 

O.JOO 
211~.ooo 

0.000 

21750.000 

6.0lS 

3262625.000 

118000.000 
o.eoo 

93544.4-40 
2416.667 

3048664.000 
0.000 
0.000 

3262625.000 

180000.000 
278G875.000 
280000.000 

0.000 
21750.000 

0.000 

21750.000 

5.517 

lindpU!IS, Ella - 02-03-1989 



------

-------------· 
llin•11111s, llETAFUS 
07-Gl-1989 
llETAFUS2 

1 yNrlsl of canstructioo, 15 ye1rs of production 
curr111cy convtrsi111 rites: 

fartigtl currency 1 unit = 
lctil currency l imit = 

Kcauati11t currHcy: Dolhrs 

l.0000 units accD111tin9 curr11ey 
1.0000 units iccouating crrency 

Total in it i ~l i nvestaent duriq constructim phise 

fixed issets: 
current asets: 
tohl uset;: 

300000.00 
0.00 

300000.00 

75.000 1 fortiljK 
0.000 1 fareip 

75.000 1 foreign 

Source of funds during constructi• pbue 

equity Ir 1Jnnts: 
fareilJD llWls : 
local le.us : 
totil funds : 

-----------
Cashflow fro• 

\ear: 
oper1tin9 costs: 
deprKiatiDA 
interest 
---· .. -
production costs 
thereof forei 911 
tohl ules 

grcr.s inc111 
net incDlt 
casll balince 
net cnhfl111t 

100000.00 
200000.00 

0.00 
300000.00 

-----
operations 

1 2 
283250.00 264875.00 
30000.00 30000.00 
25000.00 30000.00 

----- -------
338250.00 324875.00 

0.000 1 fartitt 

66.667 1 far1i91 

4 
315000.00 
l0000.00 
30000.00 

------
375000.00 

84.6l 1 79.86 1 n.11 1 
210000.00 318000.0I) 600000.00 

-128250.00 -6875.00 225000.00 
·-128250. 00 -6875.00 225000.00 

7170. ll 1SCl3B.13 165866.70 
-117829.90 48938. ll 225366.70 

Net Present Yilut at: 10.00 1 = 
36.81 1 
43.49 1 
59.57 1 

1273800.llO 
Internal Ritt of Rtturn: 
Return on equityl: 
Rtturn on equity2: 

Index of Sch•dul •• productd by COllFAR 

Totil initial inv11t11nt 
Total inv11t11nt during production 
Tot1I production co1t1 
Working C1pit11 r14uir111nt1 

Cil1hflo11 hbl11 
Proj1cted Bal1nc1 
Ntt incou 1tate•nt 
Sourct of finance 
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Initial Invest•ent in Doll.irs 

i1e4 fowKt1111t costs 
liad;.site prftlil"itiaa, dewelapaent 
ltiildilfS illd civil lllll'ts • • ••• 
Aililiary illd service fieilities • 
Incorponted fixed nsets ••••• 
Pl1nt liChinery ind equip1e11t • • • 

otiI.fized invest11111t costs •••• 

e-productioa capitil expenditures. 
t warki119 capibl •••••••• 

ct1l.iaiti1l invest.Int costs ••• 

f it foreign, ia l 

19'0 

0.0«' 
150000. IJl')I 
40000.000 

0.000 
100000.000 

290000.000 

10000.000 
0.000 

300000.000 

75.~ 

e;,~~~~o~ 
COllFAR 2.1 - EillDlllVEI llllI. liF TEOilG.06Y, DEPT. (f: i.E., ._ --

~·~--------~--~--------------------------------------------------
llindp1&1ps, ftETAFUS -- 02-03-1989 
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----------·----- COllFAR 2.1 - EINDlllVEl 1111. OF TEUillOLO&Y, DEPT. OF I.E.,._ --

Total. Current Investaent in Doll1rs 

Yt1t ., ••.••••••••••••• 

Fi1ed:invest11Dt casts 
lin~,.sitt prepiratian, dtvelop11111t 
lllildings ind civil 1111rts ••••• 
Atlliliary ind service facilities • 
Incarparated fi1ed assets • • • • • 
Plat, ucbintry and equiplefll •• 

Tot1l fixed invtstllllll costs • • • • 

Prtpradtlttion capitals expenditurts. 
larlint Cipitil • • • • • • • ••• 

Totil.Cll'rent invest1111t costs ••• 

Of it. fareigR, % • • • • • , • • • 

1991 

0.000 
o.ooo 
0.000 
0.000 
0.000 

0.000 

0.000 
44S79.860 

«579.860 

87.982 

1992 

0.000 
0.000 
0.000 
0.000 
0.000 

0.6'' 

0.000 
4186.876 

4186.876 

67.698 

1993 1994 1995 

0.000 0.000 0.000 
0.000 o.ooo 0.000 
o.ooo 40000.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 

0.000 40000.000 0.000 

0.000 0.000 o.ooo 
8283.262 . 19133.330 -1•n.219 

8283.262 59133.330 -l9n.219 

79.062 97.182 0.000 

IUndputps, llETAFUS - 02-03-1989 

·---------- COllFAR 2.1 - EIIDfllVEI 1111. OF rm..o&Y, DEPT. OF I.E., l!l --

Tatar Current Investaent in Dollars 

Fixed invest1ent costs 
land, site prep1ratioo, develop11nt 
Bui lc:ing~ ud civil 11e1rts • • • • • 
Allxiliary.1nd service facilities • 
Incorporated fixed assets • • ••• 
Piut,. uchinery .ud equipeent •• 

otal.fixtd invest11nt cost~ •••• 

reproduction c111itals expenditures. 
ting capital • • • • • • • • • • 

;t1tnt costs ••• 

f·it'.foreign, I ........ . 

19'16-97 

0.000 
0.000 
0.000 
0.000 
0.000 

0.000 

0.000 
o.ooo 

o.ooo 

o.ooo 

1998 

0.000 
0.000 

40000.000 
0.000 

100000.000 

140000.000 

O.OVi 
0.000 

140000.000 

100.000 

1999-2002 

0.000 
0.000 
0.000 
0.000 
o.coo 

O.'lOO 

0.000 
0.000 

o.ooo 

0.000 

2003 

o.ooo 
o.ooo 

40000.000 
o.ooo 
0.000 

40000.000 

0.000 
0.000 

40000.000 

100.000 

Mindp119111 1 llETAFUS --- 02-03-1989 
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~~Or'L~~o~ 
---------------- CDllFAR 2.1 - EINIHOYEI 1111. OF TED80..06Y, DEPT. GF I.E., M.. -

Production Costsin D~lMs 

lif' • • • ••• 

: of nae. CipiCity Csin9l1 produc~!. 
:a• .ateri 11 1 • • • • • • • • • • • 
:tbtr rill 1aterid s • • • • • • • • 
:tilities .•......... ,, . 

aMour t direct . • . . • . • • . . • 
~epiir, uinteHnce • • . • • • • • 
~Pil'IS • • • • • • • • • • • • • • 
~iCtory ov1rbei4s • • • • • • • • • 

=1etory costs • • • • • • • • • • • 
·if11inistritive overb11ds • • . • • • • 
:ndir. c~ts, sales iftd distributian 
iirect costs, sales illd distributiaa 
ltpr1ei1tion • • • . • . . . . . • • 
"i nilti al costs • • • • • • • • • • 

·otal production costs • • • • • •• 

1991 

35.000 
56750.000 
28000.000 
2000.000 

0.000 
10500.000 

0.000 
2000.000 

115000.000 

214250.000 
69000.000 

0.000 
0.000 

30000.000 
25000.000 

338250.000 

1992 

Sl.000 
83474.990 
21200.000 
2500.000 

0.000 
21200.000 

0.000 
2500.000 

90000.000 

220875.000 
44000.000 

0.000 
000 

3006o.OOO 
10000.000 

324875.000 

1993 

70.000 
119000.000 
14000.000 
lOOG.000 

0.000 
35000.000 

0.000 
3000.000 

65000.000 

239000.000 
29000.000 

o.ooo 
o.ooo 

30000.000 
30000.000 

328000.000 

1994 

100.000 
170000.000 
20000.000 
3000.000 

0.000 
50000.000 

0.000 
3000.000 

40000.000 

286000.000 
29000.000 

0.000 
0.000 

30000.000 
30000.000 

375000.000 

1995 

100.000 
170000.000 
20000.000 
3000.000 

0.000 
50000.000 

o.coo 
3000.000 

15000.000 

261000.000 
19000.000 

0.000 
0.000 

30000.000 
27000.000 

337000.0C~ 
:.:::--- •Jt - :; Et it ~ma: :•• ±±tit±± -- .======: 

:osts per unit I single product J • 
~f it foreign, % •••••••••• 
jf it variah,X •••••••••• 
: otil labour • • • • • • • • • • • • 

9664.286 
84.627 
24.834 

79500.000 

6129. 717 
79.861 
39.154 

65200.000 

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

4685.714 
n.m 
51.220 

64000.000 

3750.000 
73.133 
64.000 

79000.000 

3370.000 
70.104 
71.717 

69000.000 

·--------
ii11dpuaps 1 llETAFUS -- 02-03-1989 



Total Production Costs in Dollirs 

t of ••· CipKity (single product>. 
Rn literi ii 1 • • • • • • • • • • • 
Other ra• 11teri1ls • • • • • • • • 

F1ttary casts . . . . . . . . . . . 
AUinistntin averhHds •••••• 
Illllir. costs, sales illd distrib1tian 
Direct casts, Siles illd distrillutim 

sts per unit ( sintle product ) • 
Of it foreign, I •••••••••• 
f it v•iible,l • • • • • • • • • • 

Total 1 abour • • • • • • • , • • • • 

1996 

100.000 
170000.000 
20000.000 
3000.000 

0.000 
50000.000 

0.000 
3000.000 

15000.000 

261000.000 
19000.000 

0.000 
0.000 

30000.000 
24000.000 

334000.000 

3340.000 
69.835 
71.850 

69000.000 

• 

.&9-55- ~ 

COMFAR 
2.1 UNI 00 

COllFAR 2.1 - EilllllJVEI mu. OF TEDm.06Y, DEPT. OF I.E., II. -

1997 1998 1999 2000 

100.000 100.000 100.000 100.000 
170000.000 170000.000 170000.000 170000.000 
20000.000 20000.000 20000.000 20000.000 
3000.0VO l000.000 3000.000 3000.000 

o.ooo 0.000 0.000 O.OGO 
50000.000 50000.000 50000.000 S0000.000 

0.000 0.000 0.000 0.000 
3000.000 3000.000 3000.000 3000.000 

15000.000 15000.000 15000.000 15000.000 

261000.000 261000.000 261000.000 261000.000 
19000.000 19000.000 19000.000 19000.000 

0.000 o.ooo 0.000 0.000 
0.000 0.000 0.000 0.0G(' 

30000.000 30000.000 30000.000 30000.000 
21000.000 18000.000 15000.000 12000.000 

331000.000 328000.000 325000.000 322000.000 

3310.000 3280.000 3250.000 3220.000 
69.562 69.284 69.000 68.711 
72.508 73.171 73.846 74.534 

69000.000 69000.000 69000.000 69000 "°° 

--------------------
Windp111ps, llETAFUS --- 02-03-1989 
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-------------------CDIFAI 2.1 - EIIMIVEl 1111. IF TEOm.O&Y, IEPT. IF I.E., Ill -

Total Production Costs i1 Dolhrs 

, ................. . 
t af ue. tiitKity <si-.lt ,,-aacu. 
illl uteriil l . . . . . . . . . . . 
~ ra .. t1ri1ls • • • • • ••• 
utilities ........... · · 
-~, . . . . . . . . . . . . .. . 
tMolr, direct • • • • • • • • • • • 
t.,ur, ui1t11uct • • • • • • • • 
;,.15 ............. . 
!='Ktary twtrbeids • • • • • • • • • 

Facllry c11ts • • . • . • • • • . . 
lllailistr1tht llV~S • • • • • • 

IMir. costs, Siles iM •istrinti• 
linct casts, Siles Mii •istri••ti• 
...,Kiatian . . . . • . . . . . . . 
Fi11111ei1l costs • • • • • • • • • • 

obl productioa costs • • • • • • • 

s per uait ( si111Jlt product I . 
it foreign, 1 . . . • . • . . . . 

f it Ylriilllt,% • • • , •••• • • 

2001 

100.000 
11oor-a.ooo 
20000.000 
3000.000 

0.000 
50000.000 

0.000 
3000.000 

15000.000 

261000.000 
l'IGOC.000 

0.000 
0.000 

30000.000 
9000.000 

319000.000 

3190.000 
68.417 
7S.23S 

69000.000 

2902 

100.00G 
1700GG.OOO 
28000.000 
3000.000 

t.OIO 
50000.000 

0.000 
3000.000 

15000.000 

261000.000 
19000.000 

0.000 
9.000 

30000.000 
6000.000 

316000.000 

3160.000 
68.117 
75.949 

69000.000 

2003 

lto.OOI 
170000.000 
20000.000 
3000.000 

O.oot 
50000.0ll 

0.000 
3000.000 

15000.000 

261000.000 
19000.000 

0.000 
0.000 

20000.000 
3000.000 

303000.000 

3030.000 
66.749 
79.208 

69000.000 

2004- 5 

100.000 
170000.000 
20000.000 
1000.ooe 

O.toO 
50000.000 

0.000 
3000.000 

15000.000 

261000.000 
19000.000 

0.000 
0.000 

30000.000 
0.000 

110000.000 

1100.000 
67.500 
77.419 

69000.000 

Wind,u111s, llETAFUS - 02-03-1989 
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COIFAR 2.1 - EIIMIVEI 1111. OF TEDlllO&Y, llEPT. OF I.£., ._ -

'let Working Capital ia DoH•s 

1991 1992 1993 1994 1995 

Ilk: eoto 

:.rat uSlts & 
1u .. ts nctivalt ••• 30 12.0 23604.170 22072.920 22333.330 26250.0CIO 2ll33.330 
l•Wlltary ... liltriilS • ll• 3.1 28458.330 34854.160 43916.670 62416.670 62416.670 
&lrty . . . . . . . .. 0 0.000 0.000 0.080 o.ooo 0.000 
S,.IS . . . ...... 360 1.0 2000.000 2500.000 3000.000 3000.000 3000.000 
lwl ii pr0trKS •••• .. 170.2 920.139 1087.708 1330.556 1661.111 1591.6'7 " Fi1i9ft ,,.ailucts ... 4 92.S 199l.05i 'DJ7.6l9 2719.444 3300.000 3202.778 

10 36.0 5451.333 4380.556 3666.667 33811.889 2416.6'7 
62434.030 67172.980 76966.660 100016.700 95961.110 

t Iiailitits .-. 
~llftts ,.yilllt • • • • • • 30 12.0 11854.170 18406.250 19916.670 2l83l.330 21750.000 

1tt ... ti .. capitil • • • • • • • • • • 44579.860 48766.730 57050.000 76183.340 74211.110 
llUll5t ii llGrtilt eQitil •••••• 44579.860 4l86.87S 8283.262 19133.340 -1972.227 

.-lilt upibl, loci! . . .... 5357.639 6710.069 8444.444 10111.110 10111.110 

... ti1HJ npit•l, fr1ip ..... 39222.22(1 42056.670 48605.SSG 66072.220 64100.000 

. 
te: Ide = 1iai• days of eovera,t ; eoto = e111fficimt of turllOYtr • 

lindpU1ps, llETAFUS - 02-03-1989 

-----------------·-- COIFAI 2.1 - EIIDllJVEl lllI. OF TEOllKl.O&Y, DEPT. OF I.E., I. ---

at Working Capital ia hll1rs 

Ide eoto 

30 12.0 
lnvtntary illd littri1ls • 116 3.l 
Eatr9y • • • • • • • • • 0 
S,1r11 • • • • • • • • • 360 1.0 
lork in prDIJ"lll • • • • 2 170.2 
Finilllld products • • • 4 92.5 
Ill in llud • • • • • • • 10 36.0 

ot1l eurr1at ants • • • • • • • • • 
r1nt li1biliti11 111d 
aunts p1yilllt • • • • • • lO 12.0 

110rtin9 C1Pit1l ••••• , , , , • 
acrt111 in 11Grki1t9 C1Pit1I •••••• 

1H1rkin9 CIPi tal, local • • • • •• 
110rkin9 npi tal, forti911 • • '. • • 

1996-2005 

23333.330 
62416.670 

0.000 
3000.000 
1591.667 
3202.778 
241j.667 

95961.110 

2J7'0.000 

74211.UO 
0.000 

JOllt.110 
64100.000 

ttr Ide • 1ini1U1 d1y1 of cov1r191 f coto • cotfficitnt of turnover • 

---------~--·······---------------------------------------------------------------------------·------------------·----------------• I 



CDIFAI _.l - EilllllVEI mI. IF tmm.o&Y, DEPT. OF I.E., I. -

Source of Fin~nce, construction in hll•s 

E .. it1, or•illir~ •• 
£4gity, FftlnlCt. 
Wlsi•ies, v•ts . 

lHI A, fartip • 
lo.an a, farei .... 
I.ail C, fareip • 
lOiD A, lac~ •••• 
loin 11 lacil •••• 
l&lill C, locil •••• 

let.al lllil •••••••• 

Teti! fun•s ••••••• 

1990 

100000.000 
0.000 
o.ooo 

200000.000 
0.000 
0.000 
0.000 
0.000 
0.000 

200000.000 

0.000 
0.000 

300000.000 

li1dpviips, llETAFUS - 02-03-1989 



w.H-M"m'-"•.,...,~ A9 -59- I!:) 

--=-... ~-' COMFAR 
2.1 LIH I 00 

-------------------- COIF"lll 2.1 - EiallVEI 1111. iF m:ila.O&Y, DEPT. OF I.E., .. -

Source o.f Finance, production ia lollirs 

1991 1992 1993 1994 1995 1996-2003 

~ity' 1di1.ry •• 50000.000 0.000 0.000 0.000 0.000 0.000 
~ty, pnfernce. o.ooo 0.000 0.000 0.000 0.000 0.000 
Si!Hi•iH1 f'MlS • 0.000 0.000 0.000 o.ooo 0.000 o.ooo 

lea A, f .. eip • 100000.000 0.000 o.ooo -30000.000 -30000.000 -30000.000 
loin I, farei911 •• 0.000 0.000 0.000 0.000 o.ooo 0.000 
i.Gia C, fareip • D.000 0.000 0.000 0.000 0.000 G.000 
i.oin A, lac1l •••• 0.000 0.000 0.000 0.000 0.000 0.000 
Liiia I, l acil •••• 0.000 0.000 0.000 o.ooo o.ooo 0.000 
loll C, lacal •••• 0.000 0.000 0.000 O.oot 0.000 0.000 

100000.000 0.000 0.000 -30000.000 -30000.000 -30000.000 

17854.170 552.083 1510.417 3916.667 -2083.334 o.ooo 
0.000 o.ooo O.Ol>O 0.000 0.000 o.ooo 

167854.200 552.083 1510.417 -26083.330 -32083.330 -30000.000 

lildpups, llETAFUS - 02-03-1989 
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-------------- COllFM 2.1 - EIUlllVEI UII. IF iEtim.O&T, DEPT. Of I.E., It. -

:ashfloN Tables, construction in Wlvs 

.·.. . . . . . . . . . 
~otti casll iaflaw •• 

Fia11ciil rts111rcts • 
SilK, att Df tu . • 

Tatil isstts • • • • 
Operating casts • • • 
Cost of fillilCt ••• 
lepiJ9111t • • • • • 
Carpantt tu 
IJivilelds piid ••• 

llflilll, local • • • • 
llatflm1 lOCil • • • • 
111r,11s C deficit J • 
'aH11111 fartip • • • 
latfl111t1 farsign • • • 
itt.·plus ( deficit J • 

lit Cisltflt111 • • • • • 
:u.ulatld net casllf la. 

1990 

300000.000 

lOOOG0.000 
0.000 

300000.000 

290000.000 
0.000 

(0000.000 
0.000 
o.ooc 
0.000 

0.000 
0.000 

100000.000 
75000.000 
25000.000 

200000.000 
225000.000 
-25000.000 

-290000.000 
-290000. 000 

MindpUllJS, llETAFUS --- 02-03-1989 



.-----------------·- IDFill 2.1 - EillllllVEI 1111. OF Tmm06Y1 DEPT. OF I.E.,._ -

C•shfloN t•bles, production i• hll•s 

Tetil Hsets • • • • 
O,.•tilf cests • • • 
Cost ef fiuact • • • .. .,..t ..... 
CarJar•te tu ••• 
liriHlds Pii• ••• 

J1fl111, laul • • • • 
fl1111, liJCal • • • • 
plus < deficit l • 

lflaw, far1i9a • • • 
fl1111 1 fortilJll • • • 
las ( deficit ) • 

cashfl1111 ••••• 
liled net cashf lo• 

1991 

16~.290 

210000.000 

37°'84.000 

62434.030 
28329.000 

25GOO.OOO 
o.ooo 
o.ooo 
0.000 

7170.125 
7170.125 

262437.SOO 
56045.140 

206392.400 
115416.700 
314'38.900 

-199222.200 

-117829. 900 
-407829. 900 

1992 

319118.800 

llll.750 
318000.000 

300180.600 

4738.956 
264875.000 
3'8000.000 

566.667 
0.000 
0.000 

18938.130 
26108.250 

319118.800 
64146.180 

254972.600 
0.000 

236034.400 
-236034.400 

48938.110 
-358891.800 

l99l 

421510.400 

1510.417 
420000.000 

30n93.7GO 

9793.'81 
268000.000 
3'8000.000 

0.000 
o.ooo 
0.000 

11371&.700 
139825.000 

421443.800 
82171.130 

339265.600 
66.667 

~15.600 

-225548. 900 

143716.700 
-215175.000 

1994 

603916.700 

3916.667 
600000.000 

438050.000 

63050.000 
llS000.000 

3'8000.000 
30000.000 

o.ooo 
o.ooo 

1651166.700 
305691.700 

601500.000 
100166.700 
501m.100 

2416.667 
337883.300 

-mm:100 

225866.700 
10691.660 

1995 

600000.000 

0.000 
600000.000 

33S027.800 

-4055.555 
280000.000 
27000.000 
32083.310 

0.000 
0.000 

264972.200 
570663.900 

600000.000 
97000.000 

503000.000 
0.000 

238027.800 
-238027 .800 

321972.200 
332663.900 

199, 

600000.000 

0.000 
600000.000 

334000.000 

0.000 
280000.000 

24000.000 
30000.000 

0.000 
0.000 

266000.000 
Bl6663.900 

600000.000 
97000.000 

503000.000 
0.000 

237000.000 
-237000.000 

320000.000 
052663.900 

--·-----------·--------------------·-------·------
Mindp111ps, llETllFUS - 02-03-1989 
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COIFAI 2.l - EIIClllJ\U Ull. IF TEDm.DCY, DEPT. rF I.E., II. -

Cash.flow tables, product: ion ia Doll NS 

1997 1998 1999 2000 2001 2002 

600000.000 600000.000 600000.000 600000.000 600000.000 600000.000 

0.000 0.000 0.000 o.ooo o.ooo 0.000 
600000.00C 600000.000 600000.000 600000.000 600000.000 600000.000 

331000.000 468000.000 325000.000 322000.000 3190CO.OOO 316000.000 

Totil •ssets . . . . 0.000 140000.000 0.000 o.ooo 0.000 0.000 
a,.riti11t costs • • • 280000.000 2800GO.OOO 28000C.OOO 280000.000 280000.000 280000.000 
Cast of filillC• • • • 21000.000 18000.000 15000.000 12000.000 9000.000 6000.000 
... Jllllt . . . . . 30000.000 30000.000 30000.000. 30000.000 30000.000 30000.000 
c.r,..•t• tu ... o.ooo 0.000 0.000 o.ooo 0.000 0.000 
liridllds piil! ... 0.000 0.000 0.000 0.000 0.000 0.000 

plus ( d~icit ) . 269000.000 132000.000 275000.000 278000.000 211000.oeo 284000.000 
lited Cisll bililCt 1105664.000 1237664.000 1512664.000 1790664.000 2071664.000 2355664.000 

laf11111, laul . . . . 600000.000 600000.000 600000.000 600000.000 600000.000 600000.000 
flDll 1 lDCil •••• 97000.000 97000.000 9700C.OOO 97000.000 97000.000 97000.000 
plus f dtficit J . 503000.000 503000.000 503000.000 503000.000 503000.000 501000.000 

aflaw, faniga ... 0.000 0.000 o.ooo 0.000 0.000 0.000 
tf lllll, forti.,i • • • 234000.000 371000.000 228000.000 225000.000 222000.000 219000.000 

lus l dtficit J . -234000.0~ -371000.000 -228000. 000 -225000.000 -2:2000.000 -219000.000 

!20000.000 180000.000 320000.000 320000.000 320000.000 320000.000 
attd r.et usllflDll 9n663.900 1152604.000 1472664.000 1792664.000 2112664.000 2432664.000 

---- ------- -------
llindpups, llETAfUS - ;2-0l·l989 
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------------------- COIFAI 2.1 - EI-. !ml. IF TEDm..OGY, DEPT. tF 1.£., .. -

:ashflow t~bles, production in hllNs 

Tobl i5sth • • • • 
l1p1nti19 casts • • • 
l:oP. if fiNICI • • • 

lltpiyMlt ••••• 
Cirpante t~ 
liri•llfls pad ••• 

rafl11111 local • • -. • 
fl11111 Iac•l • • • • 
plus f deficit > • 

r.n., farei9a ••• 
flcMt, fartip • • • 

;mrplus < deficit ) • 

2003 

600000. 000 

0.000 
600000.0GO 

353000.000 

49000.000 
280000.000 

3000.000 
30000.000 

o.ooo 
o.ooo 

2~7000.000 

2602664.000 

6COOOO.OOO 
97000.000 

503000.000 
0.000 

256000.000 
-256000. OOG 

280000.000 
2712664.000 .... . -

2004 2005 

600000.000 600000.000 

o.ooo 0.000 
600000.000 600009.!lOO 

28000li. 000 280000.000 

o.ooo 0.000 
280000.000 280000.0IO 

o.ooo 0.000 
0.000 0.000 
0.000 O.oot 
0.000 o.ooe 

320080.000 320000.080 
2922664. 000 3242664.080 

600000.000 600000.000 
97000.000 97000.000 

503000.000 503000.080 
0.000 0.000 

183000.000 183000.000 
-183000. 000 -183000.000 

320000.000 320000.000 
3032664.000 3352664.000 

llindpueps, llETAAIS -- 02-03-1989 
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---------------------CllFAI 2.1 - EI..we 1111. IF TEDm.O&Y, DEPT. OF I.E.,._ -

CashfloN Discounting: 

ii •ity ,a4 WltSllS •t ilC .. fl•: 
lft prtslllt Villlt ••••••••••••••1171061.00 it 10.00 z 
I1terul late Gf t.twa UlllEU •• 4l.49 1 

•> let lartll versus lrt usll ret;ra: 
ltt prlSlllt ViJtlf ••••••••••••••1259254.00 It 10.00 1 
lattrul Ritt ol a.tun UlllE2l •• 5'.S7 1 

cl l:ltfl'llil !litt of it.t•• • tobl i1vest .. t: 
lft prtslllt Yilllt ••••••••••••••1273800.00 it 10.00 1 
I1ternl Ritt Gf bttra I Ill I •• 36.81 1 

!let llaru = E1p1ity p1ill plus regrves 

liHpups, llETIFUS - 02-0l-1989 



YHI' • ••••••••••••••• • 1991 1992 1991 1994 1995 

iotil Siles, ind. Siles ta ••.•• 210000.000 318000.000 420000.000 600000.000 600000.000 
:.ess: v.wiilllt costs, iod. YlK tu. 84000.000 127200.000 168000.000 240000.000 240000.000 

1ariilalt urti• . . . . ....... 12'000.000 190800.000 252000.000 360000.000 360000.0QO 
:1s 1 of t1til SilH . . . . ..... 60.000 60.000 60.000 60.000 60.000 

llm-Yiriilllt costs, iad. lltprKiitim 229250.000 1'7675.000 130000.000 105000.00C 70000.000 

:Jperitiaail Airti• • • • • • • • • • • -103250. 000 21125.000 122000.000 255000.000 290000.000 
:1s 1 ti totil silts ......... -49.167 7.'l72 29.048 42.500 48.333 

25000.000 30000.000 30000.000 30000.000 27000.000 ---
-128250. 000 -687S.OOO 92000.000 225000.000 263000.000 

0.000 o.oco 0.000 0.000 0.000 
i1ra11 profit • • • • • • • • • • • • -128250. 000 -6875.000 92000.000 225000.000 263000.000 

0.000 0.000 0.000 0.000 ll.000 

-128250.000 -6875.000 92000.000 225000.000 2'3000.000 

liville4s piill • • • • • • • • • • • • 0.000 0.000 0.000 0.000 0.000 
Uadistri•utt11 profit • • • • • • • • • -128250. 000 -6875.000 92000.000 225000.000 2634*.000 
kc-.litH uHistributt4 profit ••• -129250. 000 -115125.000 -41125.000 181875.000 444875.000 

Snss profit, 1 of tobl ultS •••• -61.071 -2.162 21. 905 17.500 43.831 
ltt profit, 1 of totil silts • • • • -61.071 -2.162 21.905 17.500 41.833 
illlE, ltt profit, 1 of tquity ••••• -~.500 -C.583 61.lll 150.000 175.333 
ROI, ltt profit+iattrest, 1 of iavut. -30.860 6.826 l5.15l 62.780 71.745 

--------- ---
llilld,a,s, llETAFUS - 02-03-1989 
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--------------------- COllFAR 2.1 - EilllHOVEI au. OF TEDINILO&Y, DEPT. OF I.E., ll. --

'41et: Inca•• State•ent in Dollars 

,.,. . . . . . . . . . . . . . . . . . 1996 1997 1998 1999 2000 

"otil si11S, incl. WIS tu ••••• 600000.000 600000.000 600000.000 600000.000 600000.000 
..HS: vari•lt costs, ind. Silts tu. 240000.000 240000.000 240000.000 240000.000 240000.* 

:riiltlt 11r1i1 . . . . . . . . ... 360000.000 360000.000 360000.000 360000.000 360000.0GO 
• 1 of t1hl UlK ......... 60.000 60.000 60.000 60.000 60.000 

"8-vriiltlt costs, i1tl. ieprttiatiaa 70000.000 70000.000 70000.000 70000.000 70000.000 

llantienll 1ar1i1 •••••••••• 290000.000 290000.000 2900GJ.OOO 290000.000 290000.000 
~ 1 of tohl silts ......... 48.333 48.333 48.333 48.333 48.333 

:.St of fillilltl ........... 24000.000 21000.000 18000.000 15000.000 12000.000 
-----

lrOH ,rofi t • • • • • • • • • • • • • 266000.000 269000.000 272000.000 275000.000 278000.000 
Ui.INKH •..•••.•.•••.. 0.000 0.000 0.000 0.000 0.000 

266000.000 269000.000 272000.000 275000.000 278000.000 
o.ooo 0.000 0.000 0.000 0.000 

---- - -----
266000.000 269000.000 272000. 000 275000.000 278000.000 

'ividends p1id •••••••••••• 0.000 0.000 0.000 0.000 o.ooo 
distributed profit • • • • • • • • • 266000.000 269000.000 272000.000 275000.000 278000.000 
cuaulattd ua~istributtd profit •• : 710875.000 979875.000 1251875.000 1526875.000 1804875. 000 

oss profit, 1 of total Siles •••• 44.333 44.833 45.m 45.m 46.333 
t profit, % of total salts • • • • 44.333 4A.833 45.333 45.833 46.333 
, llet profit, 1 of equity ••••• ln.m 179.333 m.333 183.333 185.333 

01, lltt profit+inttrtst, % of invest. 71.745 71.745 53.288 53.288 53.288 

lilldpups, llETAFUS - 02-03-1989 
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·---------- COllFllR 2.l - EilmllWEI UIU. OF TEDall&Y, DEPT. OF I.E., I. -

Net In co•• St.at•••nt in Dollil'S 

YNI" • ••••••••••• • •••• 2001 2002 2003 2004 2005 

Tatil u!K, iKl. Slles tu ••••• 600000.000 600000.000 6"*°.000 600000.000 600000.000 
s: vMiale casts, i11d. Siles tu. 240000.000 2400C!O.OOO 240000.000 240000.000 24000J.000 

ariale 1arti• ........... 360000.000 31.0000. 000 360000.000 360000.~ 360000.000 
1 Df total salH . . . . . . ... 60.000 60.000 60.000 60.000 66.000 

•iiile casts, iKl. iteprKiitiaa 7GWO.OOO 70000.000 60000.000 70000.000 70000.000 

itiDPil Mrtil • • • • • • • • • • 290000.000 290000.000 300000.000 290000.000 290000.000 
I Df total Ylts ......... 48.333 48.333 50.000 48.333 48.m 

9000.000 6000.000 3000.000 0.000 0.000 

---
ass profit .............. 281000.000 284000.000 297000.000 290000.000 290000.000 

lla111aces •••••••••••••• 0.000 0.000 0.000 0.000 o.ooo 
281000.000 284000.000 297000.000 290000.000 290000.000 

0.000 0.000 0.000 0.000 0.000 

281000.000 284000.000 297000.000 290000.000 290000.000 

0.000 0.000 o.oco 0.000 0.000 
distributed profit • • • • ••••• 281000.000 284000.000 297000.000 290000.000 290000.000 
c1111al•tld llAdistributld profit ••• 2085875.000 2369875.000 2666875.000 2956875.00G 1246875.000 

oss profit, I of tot•l silts •••• 46.833 47.333 49.500 48.333 48.333 
t profit, I of totil Silts • • • • 46.833 47.333 49.500 48.333 48.333 
, let profit, I of equity ••••• 187.333 189.333 198.00'l 193.333 193.333 

I, let profit+interest, I of invest. 53.288 53.288 51.351 49.'40 49.640 
----------------------- -------------~·----------------------·. . ... 

Mindpu.,s, llETAFUS - 02-03-1989 
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2.1 UHIOO 

------·--- ·--------------- ClllFAR 2.1 - EillDillVEll 11111. Of TECHNll.06T, DEPT. OF I.E., Ill --

Projected Balance Sheets, construction in llollil's 

, ...... 
~olil usets 

=i11tl isstts, net of depreciition 
::O.struct ion in progress • • • • 
:arrent issets • • • • • • • • • 
:1sh~ b1nl ••••••••••. 
-:.s surplus, finince iYiilillle • 
~os: .irried forllird •••••• 
.055 • • • • • • • • • • • • • • 

Totil liillilities •••••••• 

tquity Cipilil ••• , , , ••• 
Reserves, rtliiaed profit •••• 
?rofit • . . . • • . • . . . . . 
!.ont ind ltdiu ter1 debt • • • • 
:urrent liillilities ••••••• 
hnl overdnft, finuce ,.equired. 

Dtil debt • , • • , • • • • • • 

equity, 1 of liillilities 

1990 

300000.000 

0.000 
300000.000 

o.~ 

0.000 
0.000 
0.000 
0.000 

300000.000 

100000.000 
0.000 
0.000 

200000.000 
0.000 
0.000 

200000.000 

11.m 
--------------- ---------------------------------------------------

Mindpu1111s, llETAFUS --- 02-0l-1989 
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---------- ClVIFM 2.1 - EINIHOVEI UII. OF TEtiila.O&Y, DEPT. iJF I.E., fl. -

"=>rejected Balance Sheets, Production in Dolhrs 

~otil issets • • • • • • • • • • 

~ixed usets, net of deprKiitiun 
:onstructiOG in progress • • • • 

;.sh surplus, f inince iViililal1 • 
.oss c•ried farllird • • • • •• 

'otil liibiliti1s •••••••• 

:quity cipitil ••••••••• 
~eser•es, retiined profit •••• 

_ang ind Htliua ter• debt •••• 
:urr111t liibilities ••••••• 
3ank overdrift, finince required. 

:quity, % of liibilities •••• 

t99l 

4671154.200 

270000.000 
0.000 

56975.700 
~58.m 
7170.125 

0.000 
128250.000 

467854.200 

150000.000 
0.000 
0.000 

300000.000 
17854.170 

0.000 

317854.200 

32.061 

1992 

4684{16.300 

240000.000 
0.000 

62792.430 
4380.556 

26108.250 
128250.000 

6875.000 

408406.300 

150000.000 
0.000 
0.000 

300000.000 
18406.250 

0.000 

318406.300 

32.023 

1993 

561916.700 

210000.000 
0.000 

73300.000 
3666.667 

139825.000 
135125.000 

0.000 

56191&.700 

150000.000 
o.ooo 

92000.000 
300000.000 
19916.670 

o.ooo 

319916. 700 

26.694 

1994 

"8833.300 

180000.000 
40000.000 
96627.no 
3388.889 

305691.700 
43125.000 

0.000 

668833.300 

150000.000 
0.000 

225000.000 
270000.000 
23833.340 

0.000 

293833.300 

22.427 

1995 

856625.000 

190000.000 
0.000 

935".440 
241&.667 

570663.900 
0.000 
·o.ooo 

856625.000 

150000.000 
181875.000 
263000.000 
240000.000 
21750.000 

0.000 

261750.000 

17.511 

lfindputps, llETAFUS --- 02-03-1989 

--------------------------------------------------------------- COllFAR 2.1 - EINDiilVEI UNI. OF TECHIOL06Y, DEPT. OF I.E., NL-----

rejected Balance Sheets, Production in hllus 

ixlCI issets, nit of depreci•tion 
onstructian in progress •••• 
urr1nt 1ssets • • • • • • • • • 

sh surplus, fin•nc1 aviiliblt • 
1s carried forNard • • • • • • 

uity capitil ••••••••• 
1ttrv11, r1taintd profit •••• 

on9 ind 11diu1 ttr1 debt •••• 
urr111t li1bilitie1 ••••••• 
an• ov1rdraft, fin1nc1 r1qu1r1d. 

quity, % of liabilititt • , • , 

J 994 1997 1998 1999- 2000 

1092625.000 1331625.000 1573625.000 1818625.000 2066625.000 

160000.000 
0.000 

93544.440 
2416.667 

836663.900 
o.ooo 
o.ooo 

130000.000 
0.000 

93544.440 
2416.667 

1105664.000 
0.000 
o.ooo 

100000.000 
140000.000 
93544.440 
2416.667 

1237664.000 
o.ooo 
o.ooo 

210000.000 
o.ooo 

93544.440 
2416.667 

1512664.000 
o.ooo 
0.000 

180000.000 
o.ooo 

93544.440 
2416.667 

1790664.000 
o.ooo 
o.ooo 

1092625.000 1331625.000 1573625.000 1818625.000 2066625.000 

150000.000 
444875.000 
266000.000 
210000.000 
21750.000 

o.ooo 

231750.000 

13.728 

150000.000 
710875.000 
269000.000 
JB0000,000 
21750.000 

o.ooo 

201750,QOO 

11.264 

150000.000 
979875.000 
272000.000 
150000.000 
21750.000 

o.ooo 

171750.000 

9.532 

150000.000 
1251875.000 
275000.000 
120000.000 
21750.000 

o.ooo 

141750.000 

8.248 

150000.000 
1526875.000 
278000.000 

90000.000 
217'0.000 

o.ooo 

111750.000 

7.258 
' ' 

--------------··--·--------------··-···--------------·--··----------------------·------------------·-------------------------------1 I I 11 I 

~~~~~~~~---------------------!!Ni,!!!nd!!!!J!,!
1
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·--------------- CDllFAR 2.1 - ElMlllOVEI 1111. Of TEDl8.0GY, DEPT. Of I.E., 11. -

Balance Sheets, Production in Dollars 

flir •••••••••••••• 

Totil iSS.ts • • • • • • • • • • 

FixH astts, ntt tf •Kiili• 
Canstnldian i1 progrHs •••• 
Current assets • • • • • • • • • 

Cisb Silrplus, finillce iYiilible • 
Lass c.arri ed forward , • • • • • 
loss ............. . 

Totil liibilitiK •••••••• 

[qui ty CiPi lil • • . • • • • • • 
Reserves, retained profit •••• 

Lang ind lldiUll ten debt • • • • 
Current liiltilities ••••••• 

Tolil debt • 

Equity, % of liabilities •••• 

2001 

2317&25.000 

150000.000 
0.000 

93544.440 
2416.&67 

20716&4.000 
0.000 
0.000 

2317&25.000 

150000.000 
1804875.000 
281000.000 
60000.000 
21750.000 

o.ooo 

81750.000 

&.472 

2002 

2571~"5.000 

120000.000 
0.000 

93544.440 
241&.6&7 

2355664.000 
0.000 
0.000 

2571625.000 

150000.000 
2085875.000 
284000.000 
30000.000 
21750.000 

o.ooo 

51750.000 

S.833 

2003 

2838625. 000 

100000.000 
40000.00C 
93544.440 
2416.667 

2&026&4.000 
0.000 
0.000 

2838625.000 

150000.000 
2369875.000 
297000.000 

o.ooo 
21750.000 

o.ooo 

21750.000 

5.284 

1128625. 000 

110000.000 
0.000 

93544.440 
2416.667 

2'22&64.000 
0.000 
0.000 

3128625.000 

150000.000 
2666875. 000 
290000.000 

0.000 
21750.000 

0.000 

21750.000 

4.794 

3418625. 000 

80000.000 
0.000 

93544.440 
2416.6&7 

3242664.000 
0.000 
0.000 

3418625.000 

150000.000 
2956875. 000 
290000.000 

o.ooo 
21750.000 

0.000 

21750.000 

4.388 
·----------------------------------------

llindp11111s 1 flETAAJS -- 02-03-1989 
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February 23, 1989 

SUbJect& Opportunity study far the establishM!llt of a production 
capacity far "ind driven ~terpwmps in Angola. 
Presentation of draft final report. 

Project nr. US/N#S/87/075 

Present I Felix Neto 
c. Botelho 
v. Kl ylcov 
K. Versteegh 
s. 11oreira 
M. v. Wal lenburg 
ttesquita 
Santos 
"· Ferreira 
Madeu C. Neves 

<DNFRE - tEP> 
<DNFRE - t1EP> 
UJNIDO - Vienna> 
<UNIDO tea. header, EIC> 
UJNIDO CTA> 
<UNIDO/UNDP - Luanda) 
U1etafus> 
O'letafus> 
<GEPI> 
(t'IEP) 

l. Qeenina of the mertino by Hr. Neto and presentation of the 
participan~s. 

2. Introduction of the project by Mr. Klykov. The funds for 
the study have been provided by the Dutch government. The 
study has been executed by UNIDO tfhich subcontracted EiC and 
will be presented by Versteegh. The .goals of of the 
meeting are : 

The presentation of the short swamary, conclusions and 
recommendations of the study. 

To discuss the fo119"-Up of this study. 

3. Pr111nt1tlon of tbt conclutlon by Mr. V1r1t11gh. 
Befortt starting the prttsentation it "as •xplained that the 
draft r•part was sent before and was translated and 
distributed, but was not approved by UNIDO. In th• now 
presented version, the financial analysis was don• in a more 
detai 1 ed way <chapter XI I> • Th• report n°" is supported by 
UNIDO. 

Three option of a wind-pump production in Angola have been 
studied 

an isolated production unit 
an int•vrated pr'Oductian unit in El1EL proJec:t 
an integrate~ production unit in Metafus workshop. 

Th• study showed that from a technical, f inancia'l and 
economic paint of view the production of windpumps by 
M•tafus i• most viable. ' 
Th• detail• of t~• study were •xplained by Mr. V•r•t••vh and 
l1r. 1<1 ykav. ' 

I I I 
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Digu55ims 

After the presentation of the conclusions and 
reca-•ndatians, Nhich have been translated in partuguese and 
distributed before same qu-tians arised. 

tlr. Ferreira 1 Nill the Nindpuap desivn be a patent or the 
product af c licence agreement? Is there a budvet for this? 

Answer 1 the brand of Nind•ill still has to be chaasen and 
different forms of cooperation are possible and the cost of this 
has to be cmsidered as Nell. This Nill be one of the pre­
invest.ent activities. Patant rights do not have ta be paid as 
the original design is an old one and all present brands are 
improved copies. 

ttr. Ferreira 1 Is there foreseen a budget for the 
engineering of the Nind•ill? 

AnSNllr 1 There is. In the pre-investaent phase there Nil 1 
be chaasen a brand of which a first serie Nill be produced as a 
start of the product ion • Si mp 1 e parts Ni 11 be made 1aca11 y; the 
~complicated parts i11Ported. There is foreseen a certain 
period ta adapt parts far local aanufacturing Nith the assistance 
of expatriates. 

ttr. Ferreira : Then you need enginnering capacity. The GEPI 
does this because there are not enough qualified engineers to 
have engineering capacity for Nindpwaps only. GEPI want to 
develop technical knDNledge 

ttr·. Versteegh 1 What you need. is a crafts•an wha 
designs. He can be given a course or trained on the 
foreign exp~t. This •ay be a support to the factory as 
Further more foreign experts should work with an 
counterpart. 

can make 
job by a 
a whole. 

ANgolan 

ttr. Botelho 1 Wind•ill tec:hnics is 
there are hOaNt-•ade Nind•ill in Naaibe. 
of aaaterials and parts we include the 
.. ans o~ ~rawinvs. 

not unknown in Angola as 
Together with the import 

transfer of knowledge by 

ttr. Fllf'reira 1 In Angola there is no practise in design and 
industrial ••thodes. 

tlr. Versteegh 1 I a• aMare of the 1 ack of a qua 1 if i ed human resaurc:-. This is not only • •atter of 11oney and it can cause 
de1ay in the implementation. 

4. Pr111ntatlqn of thr r1cqnm1nd1tion1 by Mr. Klykou. Tht 
reco..,.endations have been distributed among those present. 
Most important recoat11endations are that the production unit 
should be integrated Mithin t1etafus workshop in Lubanga and 
tHat follow-up pre-invest.ent activities should start, 
resulting in specifiactions for •aterials and machines, call 
fdr tender and evaluatin of offers and a detailed economic 
and financial evaluation of th• whole plant. 
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The study •ade also general recommendations related to the 
proJ_ect development and to the fol 1 owing matters : 

Elaboration of winddata 
Installation and 1taintenance of windpuaps in the 
Southern Region 
Rehabilitation of existing windpUllps 
Drilling capacity and construction of storage tanks 

Discussjons 

11r. Neto stated that there 
for the rehabilitation of 
indeed can be the start of 
have in the provinces. 

was already a project prepared 
windpw.ps. Those activities 

such a department as DNFRE will 

Concerning drilling capacity one should count on Hidrominas 
and for the construction of thanks on the local authorities. 

Mr. Klykov explained that in April the final report will be 
sub•itted by UNIDO to the government and UNIDO would expect 
an official reaction and a request for further activities. 

ttr. Ferreira recaa.ended to think about interlinkage with 
an other project e.g. a galvanization unit which can give 
the best anti-corrosive treatment and thus assure a longer 

·lifetime of the mills. 

11r. Klykov mentioned the possibility of consideration of the 
idea but stated that the windpump production was interlinked 
with a lot of other problems which may be considered in the 
follow-up pre-investment activities. 

l'lr. Ferreira indicated that Metafus could have a lack of 
space if .integrating the windpump production. 

s. A meeting was arranged with Metafus and Mr. Versteegh in 
order to adJust the related data used in the study. 

It was agreed to discuss the preliminary comments by UNIDO 
mission and the Angolan authtorities on friday morning 
<24/2/89> in order to be integrated in the final report. 

For UNIDO 
kl ykov UNI DO 
Versteegh EiC leader 

For ONFRE - MEP eo;..,o/Nttto 
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Q8UT HO: 11 /fl/2 CAffcgI.LINQ SHUT NO: 11 /SUl FILE H 11.. 1 MARCB 1988 
Req Ref No: 4559 

1' QP0BT PBICI LISt 

SOUTHERN CROSS "IZ" DOUBLE GgARED WINDMILL 

NITB "FA" PATDRN TBREK-POST OR "FB" PATTERN FOUR-POST TOWERS 

Southern Cross .. IZ" series Double Geared Windmills. fully enclosed. 
automatic oiling with Galvanised windwbeel and three or four post 
aalvanised steel stub towers. 

SQIIS 

IZ-B 
IZ-C 
IZ-D 

f"7!Z-E 

NINDMIIJ, DIAMETER 

2,5 metres 
3,0 mstres 
3,7 metres 
4,3 metres 

NIMDMILL BEAD ONLY 
tfITB 3 OR 4 PQSt 
STUB TONER 

$2 212.00 
$2 429.00 
$3 860.00 
$4 225.00 

GJARm NUIDMIJJ.S MITH "FA" PATTQN THREE-POST TOtJERS AND AHCHQR PQSTS WI1'H 
fOUNDATION PLATES 

9RIES §a 

IZB/FAB $3 067.00 
IZC/FAC $3 490.00 
IZD/FAD 
IZl/FAE 

b 

$3 4"9.00 
$3 819.00 

illl 

$3 663.00 
$4 034.00 
$5 580.00 
$5 847.00 

lZm 

$4 401.00 
$4 738.00 
$6 356.00 
$6 518.00 

$5 247.00 
$5 557.00 
$7 274.00 
$7 362.00 

GQRIP WINDMILLS WITH "fB" PATTQN FOQR POST TOftERS AHD ANCHOR POSTS WITH 
FQQtfDATIQN BQLTS 

SQIES 

IZB/FBB 
IZC/FBB 

GZD/FBD 
IZE/FBI 

.6m 

$3 338.00 
$3 555.00 
$5 092.00 
$5 457.00 

b 

$3 704.00 
$4 027.00 

ROTATING INSPECTION LADDER 

ill 

$3 938.00 
$4 155.00 
$5 729.00 
$6 094.00 

.llm 

$4 721.00 
$4 938.00 
$6 549.00 
$6 914.00 

1mn 

$5 593.00 
$5 810.00 
$7 460.00 
$7 825.00 

SERIES "BAB" for 3,0 3,7 4,3 "IZ" Mills, if required $4?..00 

C+F CLOSEST BARBOUR. 
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5Hp;T HO: 11/1/2 CANCII.LIHG SHQT NQ: 11/1/1 FILI "11" 1 HARCB 1988 
Req Ref No: 4558 
UPQRT PRICE LIST 

SOUTBQN CROSS 

MARK ..... SOUTHERN CROSS .... m SINESCHAL PATTERN Direct Acting Nindmill 
Full7 enclosed, automatic oiling, with galvanised windwheel and 
THREE Post Tower Castina, and with '°FR .. Galvanised Steel Three Post 
Tower .... m above g~ound level, and with anchor posts and foundation 
plates for concrete foundations. 

MARK DIAMETER MILL WITH MILL NITH 
7 

RF 5,2m $13 343.00 $14 310.00 

RG 6,3m $19 395.00 $20 365.00 

RB 7,Sm $22 582.00 $23 043.00 

Sufficient oil tor the first oiling, sufficient Hardwood Pumprods 
with «uides and full7 detailed Erecting Instruction Manual are 
supplied with the above windmills at no extr~ cbarae. 

C+F CLOSEST BARBOUR. ,,, 






