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Appendix 1: SITC-code 



Link between ISIC and SITC REV.! 

ISIC Sector 
code 

311/2 Food prociuru 

313 Beverages 

314 Tobacco 

Textiles 

Wearing apparel 

SITC Product group 
code 

012 
013 

Meac, dried, salted or smoked 
Meat in airtight ~nCainers, n.e.s.. and meat preparations 

032 Fish, in airtight con!ainers, n.e.s., and fish preparations 
046 Meal and flour of wheat or of muslin 
047 Meal and flour of cereals except of wheat and muslin 
048 Cereal preparations and preparations of flour, fruits, vegetabies 
052 Dried fruit (mcluding artificially dehydrated) 
053 Fruit, preserved and fruit preparations 
055 Vegetables, roots and tubers, preserved or prepared 
062 Sugar confectionery and other sugar preparations (except chocolate 

confectionery) 
073 Chocolate and other food preparations containing cocoa or 

chocolate, n.e.s. 
091 Margarine and shonening 
099 Fo~d preparations, n.e.s. 

111 
112 

122 

266 
267 
651 
652 
653 

654 
655 
656 
657 

841 
842 

Non-alcoholic beverages. ne.e.s 
Alcoholic beverages 

Tobacco manufactures 

Synthetic and regenerated (artificial) fibres 
Waste materials from textile fabrics (including rags) 
T exrile yarn and thread 
Cotton fabrics, woven( not including narrow or special fabrics) 
Textile fabrics, woven (not including narrow or special fabrics) 
other than cotton fabrics 
Tulle, lace, embroidery, nbbons. trimmings, and other small wares 
Special textile fabrics and related produd:s 
Made-up articles. wholly or chiefly of textile materials. n.e.s. 
Floor covering, tapestries, etc. 

Clothing (except fur clothing) 
Fur clothing (not including headgear) and other articles made of 
furskins; artificial fur and articles thereof 

323 Leather and products 611 Leather 
612 

613 

324 Footwear 851 

331 Wood products 243 
631 

Manufactures of leather or of artificial or reconstirured leather, 
n.e.s. 
Fur skins, tanned or dressed (including dyed) 

Footwear 

Wood, shaped or simply worked 
V enecrs, plywood boards. "improved" or reconstiruted wood and 



632 
633 

332 Fumirure and fixtures 821 

341 Pater and products 251 
641 
642 

342 Printing and publishing 892 

351 Industrial chemic:ils 431 

512 
513 
514 
515 
531 
532 
561 
581 

352 Other chemical products 533 
541 
551 
553 

554 
571 
599 

355 Rubber products 621 
629 

356 Plastic products 893 

361 Pottery, china 666 

362 Glass and products 664 
665 

369 Non-metal products 661 

662 
663 

371 Iron and steel 671 

672 

673 

ocher wood. worked, n.e.s. 
Wood manufactures, n.e.s. 
Cork manufactures 

Furniture 

Pulp and waste paper 
Paper and paper Board 
Articles made of paper pulp, of paper or of paperboard 

Printed matter 

Animal and vegetable oils and fats, processed, and waxes of animal 
or vegetable origin · 
Organic chemicals 
Inorganic chemicals, elements, oxides and halogen salts 
Other inorganic chemicals 
Radioactive and asrociated materials 
Synthetic organic dyestuffs, natural indigo and color lakes 
Dyeing and tanning extracts, and synthetic t.amllng materials 
Fertiliz.ers, manufactured 
Plastic materials, regenerated cellulose and artificial resins 

Pigments, paints, vanllshcs and related materials 
Medicinal and pharmaceutical products 
Essential oils, perfume and flavor materials 
Perfumery and cosmetics, dentifrices and other toilet preparations 
(except soaps) 
Soaps, cleansing and polishing preparations 
Explosives and pyrotechnic products 
Chemical materials and products, n.e.s. 

Materials of rubber 
Articles of rubber, n.e.s. 

Articles of artificial plastic paterials, n..e.s. 

Pottery 

Glass 
Glassware 

Lime, cement, and fabricated building materials, except glass and 
clay materials 
Clay construction materials and refractory construction materials\ 
Mineral manufactures, n..e.s. 

Pig iron, spiegeleisen, sponge iron, iron and steel powders and shot · 
and ferro-alloys 
Ingots and ocher primary forms (including blanks for cubes and 
pipes) of iron and steel 
Iron and steel bars, rods, ang!:s, shapes and sections (including 
sheet piling) 



m Non-ferrous metals 

381 Mecal products 

382 Machinery n_e.c. 

383 Electtical machinery 

384 Transport equipment 

385 Professional goods 

390 Other industries 

67 4 Universals, plates and sheets of iron and steel 
675 Hoop and strip of iron and steel 
676 Rails and railway track construction material of iron and steel 
677 Iron and steel ( cn:luding wire rod) 
678 Tubes, pipes and ~ of iron and steel 
679 Iron and steel castings and forgings, unworkcd. n.e.s. 

682-
682.1 
684 
688 

691 
692 
693 
694 

695 
696 
697 
698 
812 

711 
712 
714 
715 
717 
718 
719 

951 

712 
m 
724 
725 
726 

729 

731 
732 
733 
734 
735 

861 

864 

831 
862 

-Copper ( 682), except copper and alloys, 
unwrought (682.1) 
Aluminium 
Uranium depleted in U Z35 and thorium and their alloys 

Finished structural parts and structures, n_e.s. 
Mecal containers for storage and transport 
W'rre PrO<fucts (excluding electric) and fencing grills 
Nails, saews, nuts, bolts, rivets and similar articles of iron, steel 
or of copper 
Tools for use in the hand or in machines 
Cutlery 
Household equipment of base metals 
Manufactures of metal, 11.C.S. 

Sanitazy, plumbing, heating and lighting fixtures and fittings 

. 
Power generating machinery, other than electric 
Agricultmal machinery and implements 
Office machines 
Metalworking machinery 
Textile and leather machinery 
Machines for special industries 
Machinery and appliances (other than electtical) and machine 
parts, n.e.s. 
F'irearms of war and ammunition therefor 

Electrical power machinery and switch gear 
Equipment for distributing electricity 
Telecommunications apparatus 
Domestic electrical equipments 

.... 

Electtical apparatus for medical purposes and radiological 
apparatus 
Other electrical machinery and apparatus 

Railway vehicles 
Road mocor vehicles 
Road vehicles other than motor vehicles 
Aircraft 
Ships and boats 

Scientific, medical, optical. measuring and controlling instruments 
and apparatus 
Watches and clocks 

Travel goods, handbag and similar articles 
Photographic and cinematographic supplies 

891 Musical instrumencs, sound recorders and reproducers and parts 
and accessories therefor 

894 Perambulators, toys, games and sporting goods 
895 Office and stationery supplies, n.e.s. 
896 Works of art, collectors' pieces and antiques 
897 Jewellery and goldsmiths' and silversmiths' wares 
899 Manufactured articles, n.e.s. 



Appendix 2: ISIC-code 



Mejor Division 1. Agriculture, Hunting, Forestry end Fishing 

11 Agriculture and Hunting 
111 Agricuttural and livestock production 
112 Agricultural services 
113 Hunting. trapping and game propagation 

12 Forestry end Logging 
121 Forestry 
122 Logging 

13 130 Fis!oting 

Major Division 2. Mining and Quarrying 

21 210 CoalMining 
22 220 Crude Petroleum and Natural Gas Production 
23 230 Metal Ore Mining 
29 290 Q1her Mining 

Major Division 3. MenufaC1uring 

31 M tnufacture of Food. Beverages and Tobacco 
311-3 '2 Fcod manufacturing 

313 Beverage industries 
3 14 Tobacco manufactures 

32 Te (tile. Wearing Apparel and Leather Industries 
321 M< nufacture of textiles 
322 Manufacture of wearing apparel. except footwear 
323 Manufacture of leather and products of leather. 

lea1 her substitutes and fur. except footwear and 
weEtring apparel 

324 Manufacture of footwear. except vulcanized 
or moulded rubber or plastic footwear 

33 Manufacture of Wood and Wood Products. lncluning 
Furniture 

331 Manufacture of wood and wood and cork products. 
except furniture 

332 Manufacture of furniture and fixtures. except 
primarily of metal 

34 Manufacture of Paper and Paper Products. Printing 
and Publishing 

34 1 Manufacture of paper and paper products 
342 Printing. publishing and allied industries 

35 Manufacture of Chemicals and Chemical. Petroleum. 
Coal. Rubber and Plastic Products 

35 1 Manufacture of industrial chemicals 
352 Manufacture of other chemical products 
353 Petroleum refineries 
354 Manufacture of miscellaneous products of petroleum 

and coal 
355 Manufacture of rubber products 
356 Manufacture of plastic products not elsewhere 

classified 
36 Manufacture of Non-Metallic Mineral Products. 

except Products of Petroleum end Coal 
36 1 Manufacture of pottery. chine and earthenware 
362 Manufacture of glass and glass products 
369 Manufacture of other non-metallic mineral products 

37 Basic Metal Industries 
37 1 Iron and steel basic industries 
372 Non-ferrous metal basic industries 

38 Manufacture of Fabricated Metal Products. 

95 

96 

Machinery and EQuipment 
381 Manufecture of fabricated metal products. except 

machinery and eQuipment 
382 Menufecture of machinety except electrical 

949 

951 
952 

953 
959 
960 

Amusement and 1ecrea11onal ser.1ces not elsewhere 
cl4lss1fied 
Personal and Household Se1'1icn 
Repair services not elsewhere classified 
uundties. laundry services. and cleaning and dyeing 
plants I 
0ornHUc St:IVicaS 

Miscellaneous personal sen11'es 
International ind Other Extra· Territorial Bodies 

I 

383 M-'1cture of electricll m1chinery 1pperatus. 
1ppf6ances and supplies 

384 Manufacture of transport equipment 
385 M1nUf1cture of professional ind scientific 1nd 

measuring end controlling equipment not elsewhere 
classified. end of photoqrephic and optical goods 

39 390 Other Manuiacturing Industries 

Major Division 4. Electricity, Gas and Weter 

41 410 Elec1ricitv. Gas and Steam 
42 420 WaterWorilsand Supply 

Major Division 5. ConstruC1ion 

50 500 Construction 

Major Division 6. Wholesale end Retail Trade and 
Restaurants and Hotels 

61 610 Wholesale Trade 
E'2 620 Retail Trade 
63 Restaurants and Hotels 

631 Restaurants. cafes and other eating and drinking 
places 

632 Hotels. rooming houses. camps and other !edging 
places 

Major Division 7. Transport. Storage and Communication 

71 Transport and Storage 
711 Land transport 
712 Water transport 
713 Air transport 
719 Services allied to transport 

72 720 Communication 

Major Division 8. Financing. Insurance. Real Estate and 
Business Services 

81 810 Financial Institutions 
82 820 Insurance 
83 Real Estate and Business Services 

831 Real estate 
832 Business services except machinery end equipment 

rental end leasing 
833 Machinery and equipment rental and leasing 

Major Division 9. Community, Social and Pttt"sonel Services 

91 910 Public Administration end Defence 
92 920 Sanitary and Similar Services 
93 Social and Related Community Services 

931 Education services 
932 Research and scientific institutes 
933 Medical. dental. other heelth and veterinary services 
934 Welf11e institutions 
935 Business. professional and labour associations 
939 Other socral end related community services 

94 Recreational end Cultural Services 
941 Motion picture and other entertainment services 
942 Librarin museums. botanical 1nd zoological 

g1.,dens. and other cultural services not elsewhere 
classified 

M1jor Oiviaion 0. ActivitiH not AdaQuataly Defined 

O 000 Activities not adeQuately defined 

•n... o....i....-c-•• ol ,.._,.,. 0--~..-al°"""-'
..,-'. ,,,_a.-lllV~ cooe1I - Gt- 11--dogot COOMI: °"'lo•• 
... ,.. ................ tety .. .,_ ~ 

ffll full de- - Unoted N••-•: Sl•t1•t1CM p_., s-- M. No. 4 lft. 2 "'
Yin 19111 



Appendix 3: Determination of weighing factors 



Dicte: oven for bakeries 
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Dimmsa: telephone 
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Bendig: oven 
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Termomecanica: drying oven 
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0 
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Fundici6n Saborio 
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Corusa: clips and wire 
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R&R: precision parts 
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Xeltron: optical sorting machine 
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Appendix 4: Technology Audits of the 11 enterprises 



Appendix 4A: Technology Audit Xeltron 



Technology audit: Xeltron S.A., San Jose, Costa Rica 
Company size: 75 employees 

1. Product 

Product name 
Trichromatic three colour sorting machine (Appendix I for picture and drawing) 

Proposed functioning of the product 
Selecting/sorting grain-type products (especially coffee beans) according to criteria determined by 
the user. It is possible to simultaneously apply 5 criteria in order to reject a bean. These criteria 
are: 
• too dark 
• too light 
• too green 
• too red 
• reflecting the wrong amount of light 

The machine works in the following way: 
A system of vibration provides a steady flow of beans from a vibrator in the upper part of the 
machine, past rollers, to an analysing head. A system of 18 lenses floods each bean with light 
from different angles. Thirty-two sets of optical fibres arranged in a circle detect the reflected 
light from the surface of the bean. Three bundles of alternating optical fibres carry the light past 
colour filters, producing three beams of light of different wave lengths. Photocells convert this 
light into electrical signals which are analysed by a micro-processor in order to proportion exact 
information concerning the colour and brightness of the beans. A pulse of compressed air 
automatically rejects any bean whose colour is not within the established range of parameters. 

Usual application mode 
The main application is for sorting coffee beans, however the machine can also be used to select 
other grain-type products according to colour (com, rice, almonds, cashew nuts, etc.). 

Usual operating conditions 
The recommended operating conditions are: 
• the machine should be operated in an area that is free of dust and is not too hot, preferably in 

a separate room with adequate ventilation 
• the foundation should be firm and not subjected to external vibration 
• the machine should be positioned perfectly vertical. 
• the optical analysing system should not be exposed to bright light from external sources 

In practice however, the machine not only functions when operated by specialised technicians 
under ideal conditions, but also when used by unskilled personnel in harsh environments. 

Classification of product type 
The product is classified under SITC code 712 (agricultural machinery and implements) and code 
718 (machines for special industries). 
However, it is also possible to classify the product under SITC code 861 (Scientific, medical, 
optical, measuring and controlling instruments). 

1 



Identification of branch type 
Xeltron is active in the ISIC code 382 sector (machinery) or, when the product is classified as 
code 861, in the ISIC 385 sector (professional goods). 

Identification of market competitors 
International competitors: 
• Sortex (England) 
• Elexo (Germany) 
• Delta (USA) 
• ESM (USA, Japan) 

National competitors: 
Xeltron is the only manufacturer of this type of product in Costa Rica. 

Note: These data were provided by Xeltron. 

Identification of market-leaders 
According to Xeltron, they are the national market-leader and the market-leader of the Americas. 
Elexo and Sortex are the market-leaders for the rest of the world, with Elexo having the better 
product. 

Product characteristics 
A-Functional characteristics: 
1. durability 

2. reliability 

3. safety 

4. maintainability 

5. sensitivity w.r.t. environment 

6. versatility 

7. performance 

8. operational complexity 

9. compatibility 

Approx. 10 years, replacement of important sub
assemblies: optical system (6 years), rejection valve (6-7 
months), halogen lamps (5000 operational hours). 
The machine has a reliability of approx. 95% with 
insurance during the first six months for production 
errors. 
A ground connection is provided to protect the operator. 
The counter-rotating rollers are covered to prevent injuries 
to users. 
Maintenance of the machine is very easy. All parts of the 
machine are easily accessible or replaceable. 
The machine is rather sensitive w.r.t. environmental 
conditions such as vibrations, dust, electrical interference 
and voltage peaks. 
The machine can be used to sort all sorts of grain-type 
products and is thus versatile. 
With the right values for the machine operating 
parameters, the machine will reject approx. 90% of the 
bad beans with a speed of 200-250 kg/h per channel. 
Once the right parameters have been set by a skilled 
operator, the machine will operate by itself. A number of 
machines can be linked and the parameters copied. Also, 
within one machine, only one sorting channel has to be 
programmed. The control panel is also easy to operate and 
a clear manual is provided. 
The machine can be operated with 110 V and 220 V. With 
the control panel, the machine can be adjusted to different 
types of beans/grains and data are available with the right 
values of the parameters. Also, the machine can be 
adjusted for different types of quality of beans. 
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10. ergonomics 

11. storage capabilities 

B-lnherent characteristics: 

The control panel has large buttons placed in a logical 
position and is easy to handle. 
The product can be stored without problems, although the 
optical system should be cleaned thoroughly after storage. 

1. construction complexity The product consists of a lot of parts and is very complex. 
This because it uses very modem technologies, such as a 
computer, optical fibres etc. 

2. ecological impacts of materials The most important environmentally unfriendly technology 
is the chromatising and galvanising process of the rollers. 
However, this process is necessary because the rollers 
should be smooth and corrosion resistant. 

3. use of rare materials None. 
3 
C-Aesthetic characteristics: 
1. look The product looks sturdy and strong and has a reliable 

appearance. 
2. smell Not applicable. 
3. noise When in use, the product makes quite a lot of noise, 

especially when the rejection valve is in action. 
4. feel Not applicable. 
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2. Production process 

Lay out of the production process 
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Nr. Type of machine Nr. Type of machine 
1-4,6 lathe 14 milling machine 
5 NC milling machine 16 column drill 
7 storage for rollers 17,18 stamping machine 
8 grinding machine 19 soldering machine 
9 balancing of rollers 20 testing equipment 
JO polishing machine 21 traumatising equipment 
11 plastic moulding machine 
12 cutting machine 
13,15 bending machine 

The general production process 
Because the product is very complex, it would be too time-consuming to make a complete flow 
chart of the production process. However, the product has a few essential sub-assemblies which 
are very important for the quality and functioning of the product. Therefore, we will first give a 
general description of the general production process. After that we will give a flow chart of two 
of the most important sub-assemblies. 
The production process of Xeltron has one striking characteristic. All parts return to the storage 
after they have been processed by a department. According to Xeltron, this is to keep better track 
of their production costs. The schematic presentation below gives the general principle of the 
production process. 
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Flow chart: 

Production process of the roller 

A: final assembly & control 
B: storage & transportation 

We will now give a detailed description of the production of a roller. The two counter-rotating 
rollers create an airflow. This way, the beans are transported to the optical system with almost no 
friction. The aim of this roller system is to ensure that the beans pass the optical system one by 
one. To reduce friction and create a stable airflow, it is necessary that the surface of the rollers is 
smooth. The following flow chart gives a schematic presentation of the production of a roller. 
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Flow chart: 

1 = steel pipe 
2= axes 
3= unworked roller 
4= milled roller 
5= grinded roller 
6= chemicals 
7= chromatized 

roller 
8= weights 
9= balanced roller 

welding machine 
<welding axes in pipe> 

lathe 
<milling roller+axes> 

grinding machine 
<grinding roller surface> 

chromatizing bath 
<chrom. roller surface> 

Production process of the optical system 

to assembly 

to customer 
as replacement 
part 

Another important sub assembly of the machine is the optical system. This system collects the 
information for sorting the beans. One part of the system lights the passing beans. The following 
flow chart gives a schematic overview of the production process of this part of the optical system. 
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Flow chart: 

sawing machine 
<sawing rod in slices> 

lathe 
<milling to size of slice> 

NC milling machine 
<drilling holes in slice> 
<milling slot in slice> 

anti-corrosion treatment 
<treating slice surface> 

1 = aluminium rod 
2= aluminium slice 
3= sized discs 
4= milled discs 
5= chemicals 
6= finished discs 
7= lenses 
8= optical fibres 
9= plastic discs 
1 O= fasteners etc. 
11 = finished system 
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Description of machine f ea tu res 

Degree of mechanisation: 
The degree of mechanisation gives an indication of the other three machine features, tolerance 
(predictability of quality), capacity and flexibility. 

machine degree of predictability capacity of flexibility of 
mechanisation of quality machine machine 

lathes self acting machine medium high low 
NC milling machine flexible machine high medium high 
milling machine self acting machine medium high low 
bending machine self acting machine medium high low 
plastic moulding self acting machine medium high low 
machine 
cutting machine self acting machine medium high low 
grinding machine self acting machine medium high low 
balancing machine tool or handicraft low low high 
column drill self acting machine medium high low 
stamping machine self acting machine medium high low 
soldering machine self acting machine medium high low 
cromatising equipment self acting machine medium high low 
polishing machine self acting machine medium high low 

Tolerance: 
A complete description of all tolerances would be too time consuming because of the complexity 
of the product. Besides, there are no problems regarding tolerance. All parts that require a low 
tolerance are manufactured by an NC machine. 

Capacity: 
All the machines are supplied by the storage, therefore the machine supplier capacity fully 
depends on the availability of required inputs from the storage. The storage does not affect the 
technical quality of the stored parts and therefore has no influence on the technical characteristics 
of the final product. 
In general the Xeltron produces four machines per week. This number is based on the average 
number of orders (about 200 machines per year). 

Flexibility: 
Except for the NC machine the flexibility of the production process is rather low. Xeltron uses a 
lot of standard production machines which have a low flexibility. However, the production of the 
optical system has a high flexibility because the most important parts are made by an NC 
machine and the assembly is done by hand. This is a very important aspect because the quality of 
the final product mainly depends on the quality of the optical system. 
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Description of raw materials and ready bought parts 

Because the product under consideration is very complex and consists of a lot of parts it would be 
too time consuming to describe all raw materials and ready bought parts. Therefore only the most 
important raw materials and ready bought parts will be described below. 

ready bou2ht parts: product/production function: 
lenses focusing light beams in optical system 
halogen lamps providing light for optical fibres 
fasteners assembly 
print board computer system (bean selection) 
optical fibres transporting light to optical system and 

transporting reflected light to sensors 
electronical parts assembly computer system 
ball-bearings bearings for the rollers 
pneumatic equipment air for rejection valve, cleaning system and 

cooling system for halogen lamps 
electric motor driving the rollers 

raw materials: product/production function: 
steel pipes base material for rollers 
aluminium rods base material for discs for optical system 
chemicals for chromatising/anti-corrosion treatment 
sheet metal base material for bean chambers, feeding 

system, housing for electronic systems 
steel square bars frame for machine 
plastic pellets base material for plastic discs in optical system 
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3. Enterprise part 

Product price 
Comparing products only with respect to their quality is not enough, the price of the product is a 
very important factor as well. The following table gives an overview of Xeltron's competitors and 
the prices of their machines. The table also gives the prices of another type of sorting machine, 
the chute sorting machine, with this system the beans are transported to the optical system 
through a chute. The performance of this type of sorter is not as good as that of the roller type 
sorter. 

Enterprise 
Xe Itron 
Sortex 
Elexo 
Delta 
ESM 

Product price (US$) roller type I chute type 
12.500 I 11.000 
± 20.000 I 12.000 
± 35.000 I 20.000 
± 30.000 I 14.000 
± 30.000 I 14.000 

Note: Prices are based on data provided by Xeltron. The prices of roller type sorters were not exactly given. 

Xeltron indicated Elexo as the market leader on the European and Asian market and therefore 
would prefer a product comparison with Elexo. 

Direct enterprise environment 
Xeltron is located near the highway between San Jose and Cartago and thus can be reached easily 
by car. Xeltron indicated that transport is responsible for most of the start-up problems of new 
machines. Due to rough handling and transportation, the sensitive optical system can be damaged 
easily. Xeltron provides their customers with a guarantee period of six months against such start
up failures. We think a lot of guarantee claims could be avoided if the road leading from the 
highway to the factory would be improved. All the roads on the Xeltron terrain are in excellent 
condition, however the road leading up to the Xeltron terrain is in a very bad condition: a steep, 
muddy road with a lot of holes. 

Inputs 
Xeltron produces al lot if parts itself, also parts that are standard in our opinion. For example, the 
coils for the small electro-magnets are made and hand-winded by Xeltron, a very time consuming 
job. Other examples of parts that can be obtained as a standard part are the rollers and the 
moulded plastic discs. 
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Appendix I: Drawing of product 
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Appendix 48: Technology Audit Bendig 



Technology audit: Industrias Bendig S.A., San Jose, Costa Rica 
Company size: 65 employees 

1. Product 

Product name 
Oven to supply drying-machines with hot air (Appendix II for picture and drawing) 

Proposed functioning of the product 
The oven is used to provide drying machines with hot air. It's main use is for supplying coffee 
drying-machines. 

The oven works in the following way: 
The oven consists of a combustion chamber, four heat-exchangers and four ventilators (one for 
each drying-machine channel). The oven also has a separate supplying system for fuel. This 
because the oven can use coffee by-products as fuel (the parchment of the bean). The oven can 
both use wood and parchment as fuel or a combination of the two. Most coffee factories use a 
combination of the parchment and wood as fuel simply because the factory does not produce 
enough coffee to only use parchment as fuel. 
The ventilators suck air through the intake at the top of the oven. Here, the air is pre-heated by 
the walls of the combustion chamber. Next, the airflow passes the heat-exchangers and goes into 
the drying-machines (see appendix II for direction of air flow). 

Usual application mode 
The main application is for supplying coffee dryers with hot air, but the oven can also be used for 
other drying-machines (fruit, beans, etc.). 

Usual operating conditions 
The oven is usually operated in a coffee producing factory. Most of these factories are situated in 
tropical regions, where most coffee is grown. No specific operating conditions are recommended 
but it is best to install the air intake horizontally to prevent water from entering the intake. 

Classification of product type 
The product is classified under SITC code 711 (power generating machinery, other than electric). 

Identification of branch type 
Bendig is active in the ISIC code 382 sector (machinery). 

Identification of market competitors 
International market competitors: 
• Pinalense (Brazil) 

National market competitors: 
• Poscan 
• Joca 
• Xeltron-Quesada 

Note: these names were given by Bendig, obviously there are more oven producers all over the world. 

Identification of market leader 
According to Bendig, Joca is the national market leader. Joca's only produces ovens while Bendig 
makes all sorts of machinery for the coffee industry. 
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Product characteristics 
A-functional characteristics: 
1. durability 
2. reliability 
3. safety 

4. maintainability 

5. sensitivity w.r.t. environment 
6. versatility 

7. performance 

8. operational complexity 

9. compatibility 
10. ergonomics 

11. storage capabilities 
12. space required for instalment 

B-lnherent characteristics: 
1. construction complexity 

2. ecological impacts of materials 

3. use ofrare materials 

C-Aesthetic characteristics 
1. look 
2. smell 
3. noise 

4. feel 

Approx. 15 years 
>95% 
An oven should always be operated with caution and thus 
users should take precautions {protective clothing, gloves) 
when operating the oven. Little or no measures, such as heat 
protected handles, have been taken to prevent injuries. 
Almost no maintenance is necessary, except for some parts 
of the heat-exchangers. 
Only when water can enter the intake. 
The oven can be used to heat all sorts of drying-machines, 
not only for the coffee industry. 
The oven produces 1.3 million BTU/hr, has an efficiency 11 
of0.60 and produces 12000 m3/hr of hot air (of 60°C) per 
channel. The oven uses about 270.000 Kw-hr for drying 
30.000 quintales of coffee (one quintal is about 46 kg). 
The oven is very easy to operate. It has a control system 
which adjusts the supply of coffee parchment according to 
temperature measurements at the intake of the drying
machines. To keep the fire in the oven burning, the operator 
has to put wood in the combustion chamber when necessary. 
The oven can use other types of fuel such as diesel and gas. 
Opening of the small hatch to put wood in the combustion 
chamber is a bit difficult because the handle is hot and the 
hatch jams. 
Not applicable. 
approx. 6 x 3.5 x 3 metres (length x width x height) 

The product consists of a lot of parts and thus is a complex 
construction. However, the assembly of these parts is very 
straightforward. 
The product produces exhaust gases which depend on the 
type of fuel used. The machine mostly uses wood in 
combination with coffee parchment as fuel. Especially in 
Costa Rica, wood as fuel has a high ecological impact. 
None. 

The oven looks sturdy and strong. 
The smell of the oven depends on the kind of fuel used. 
The oven and the working ventilators make a normal amount 
of noise for an oven 
Not applicable. 
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2. Production process 

General lay out of the production process 
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Nr. Type of machine Nr. Type of machine 
1 plasma cutter 12, 19-21 lathe 
2 rectificator 13 hydraulic press 
3 metal saw 14 'pull max' machine 
4 bending machine to curve beams 15 press (pneumatic) 
5 corner cutter 16 cutting machine (small) 
6-8 bending machine to curve sheet metal 17, 18 cutting machine (large) 
9 bending machine (manual) 22 machine for making grooves 
10 bending machine (hydraulic) 23 balcony storage 
11 column drill 

Because Bendig does not only produce ovens, but also other machinery for the coffee industry, 
not all of these machines are used for the oven production. 

The general production process 
The oven consists of a lot of sheet metal parts with different shapes which are welded together. 
Therefore, the production process is not very complicated. Below, the flow chart of the general 
production process of the oven is given. 

Flow chart: 

manual operation 
<marking sheet metal> 

cutting machine 
<cutting sheet metal> 

plasma cutter 
<cutting special shapes> 

bending machine 
<bending cut parts> 

assembly 
<welding and fastening> 

1 = sheet metal 
2 = marked sheet metal 
3 = sheet metal parts 
4 = specially shaped sheet metal parts 
5 = bended parts 
6 = ready bought parts I fasteners 
7 = assembled oven 
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Description of machine features 

Degree of mechanisation: 

machine degree of predictability capacity of flexibility of 
mechanisation of quality machine machine 

plasma cutter self acting machine medium high low 
rectificator self acting machine medium high low 
metal saw self acting machine medium high low 
bending machine to self acting machine medium high low 
curve beams 
corner cutter self acting machine medium high low 
bending machine to self acting machine medium high low 
curve sheet metal 
bending machines self acting machine medium high low 
column drill self acting machine medium high low 
lathes self acting machine medium high low 
press self acting machine medium high low 
'pull max' machine self acting machine medium high low 
cutting machines self acting machine medium high low 
machine for making self acting machine medium high low 
~rooves 

Tolerance: 
Bendig does not mention tolerances in the drawings of the design department. All the dimensions 
in these drawings are exactly given, such as 345.5 and 200.0. No general tolerances are given. 
According to the foreman of the production department, the tolerances used are approximately 
±1 mm. All the machines used are capable of operating with these tolerances but this fully 
depends on the experience and craftsmanship of the operator of the machine. 

Capacity: 
It is not possible to give a clear description of the capacity of the oven production because Bendig 
produces a lot of different machines. Currently, they produce about 30 ovens a year depending on 
the number of orders (the ovens are made to order). When Bendig would focus their production 
on ovens only, they would be able to produce a lot more ovens. 
The production of one oven takes about 500 man-hours. 

Flexibility: 
Bendig uses a lot of standard machines and therefore the flexibility of the production process is 
rather low. However, the flexibility of the manual assembly is high. 
It should also be said that Bendig makes a lot of different products with the same production 
process and thus the flexibility of the process is not as low as the degree of mechanisation 
indicates. The production process is also more flexible because of the large variety of production 
machines. 
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Description of raw materials and ready bought parts 
The following tables contain a description of the most important raw materials and ready bought 
parts. 

ready bought parts: product/production function: 

ventilators creating an airflow towards the drying-machines 
pipes for heat-exchangers part of the heat-exchanger where the heat is 

transferred to the airflow into the drying-
machine 

fasteners assembly 

raw materials: product/production function: 
sheet metal (310S) inside wall for combustion chamber 
heat-resistant concrete bottom/walls of combustion chamber 
sheet metal (steel) other parts of oven 
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3. Enterprise part 

Product price 
Comparing products with respect to their quality only is not enough, the price is very important 
as well. The price of the Bendig-oven consists of the oven itself, the ventilators and the feeding 
machine for the coffee parchment: 
• oven only: US$ 16.000 
• ventilators: US$ 2.000 (4x) 
• feeder: US$ 1.650 
• total price: US$ 25.640 

We do not have price information of the ovens of the competitors but we do know that these are 
cheaper than the Bendig oven. However, Bendig claims that those ovens are much less efficient 
{11=0.30) and the combustion chamber needs replacement every year. 

Factory 
The workfloor of the factory gave a very untidy impression. Spare parts, trash, sub-assemblies 
and raw materials were lying about between machines. The machines were not placed in a logical 
order. The division of the different departments was not logical. The assembly was situated on the 
other side of the factory compared to the production department. Also, the tool storage (drills and 
chisels) was not situated close to the production department. 

Inputs 
Almost the complete oven is manufactured by Bendig itself. They even make standard size tubes 
(bent and straight) themselves. In our opinion it would be cheaper to buy these tubes as ready 
bought parts, although this depends on possible high import duties. 
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Appendix 4C: Technology Audit DICTE 



Technology Audit: DICTE S.A., San Jose, Costa Rica 
Company size: 25 employees 

1. Product 

Product name 
Oven for bakeries (see Appendix ill for drawing). 

Proposed functioning of the product 
The oven is made for baking bread and pastries. 

The oven works in the following way: 
The oven consists of two parts: a baking part, in which the bread and pastries are baked, and a 
heat producing part, which provides the baking part with heat. A cart which contains trays with 
bread can be placed in the baking part of the oven. When the door is closed, the cart is lifted and 
starts to tum. The heat is generated by a burner which blows hot gases into a heat exchanger. A 
fan sucks air from the baking chamber through the heat exchanger back into the baking chamber. 
In this way the air circulates through the oven. When needed, fresh air can be added by opening a 
valve in the baking chamber. There is a small exhaust in the baking chamber to prevent high 
pressures. The baking chamber can be provided with moisture by a vaporiser. 

Usual application mode 
The oven is very specifically designed for baking bread and pastries. 

Usual operating conditions 
The oven is operated in bakeries. No specific operating conditions are recommended. 

Classification of product type 
The product is classified under SITC code 718 (machines for special industries). 

Identification of branch type 
Dicte is active in the ISIC code 382 sector (machinery). 

Identification of market competitors 
International competitors: 
• Argenta! (Argentina) 
• Salva (Spain) imported in Costa Rica by Equipos Nieto S.A. 
• Polin (Italy) imported in Costa Rica Equipan 
• Paxter (USA) imported in Costa Rica by Corpit S.A. 
• Franke (Switzerland) imported in Costa Rica by Corpit S.A. 
• Winkler (Germany) imported in Costa Rica by Corpit S.A. 

National competitors: 
• Taller Industrial Hugo Loria 
• Industrial G.M. 
• Homos Electricos Solano 
• Electro Duran 
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Identification of market leaders 
According to Dicte, they are the national market leader. Polin and Winkler are the international 
market leaders. With respect to sales volume, Polin is the international market leader. Winkler is 
the international market leader with respect to technology. 

Product characteristics 
A-Functional characteristics 

1. durability 

2. reliability 
3. safety 

4. maintainability 

5. sensitivity w.r.t. environment 

6. versatility 

7. performance 

8. operational complexity 

9. compatibility 

10. ergonomics 

11. storage capabilities 

Approx. 10 years, replacement of important sub-assembly: 
heat exchanger (6-7 years). 
>95% with a guarantee period of one year. 
All moving parts are covered or situated on top of the oven. 
The oven has double walls and therefore the outside of the 
oven will not be dangerously hot. 
The maintenance consists of two parts, the mechanical and 
the electrical maintenance. The mechanical maintenance 
consists of cleaning of the heat exchanger, lubrication of 
moving parts, adjustment of belts and fasteners, cleaning 
the vaporising system, checking the fuel system of the 
burner and cleaning of the inside of the oven. The electrical 
maintenance consists of cleaning of the control system and 
the cooling system of the motors and the securing of fuses 
and electrical wires. All in all, the oven requires quite a lot 
of maintenance. Although it will take some time to perform 
all the necessary maintenance, most parts are easy 
accessible. 
The control system is rather sensitive w.r.t. dirt and dust. 
The mechanical system with the electrical motors is also 
rather sensitive w.r.t. dirt and dust. This is important 
because the oven will be operated in a bakery with a lot of 
dusty flour around. 
The oven can be used to bake bread and pastries. Although 
it was not designed for other purposes, it is also possible to 
bake other kinds of food. 
The oven (type HR65x45xl8) uses 2.46 l diesel/hour. The 
heat exchanger has an efficiency of 11=0.7. The oven can be 
filled with 18 trays of bread (65x45 cm). The electrical 
power is 2 kW. 
Once the right parameters are set (desired time, temperature 
and number of moisture injections) the oven operates by 
itself The control panel is easy to operate and a clear 
manual is provided. 
With the control panel, the oven can be easily adjusted to 
bake all sorts of bread and pastries. By replacing the heat 
exchanger the oven can be converted from diesel power to 
electric power. 
The control panel is easy to operate and has a digital 
display. The buttons are clearly positioned. In appendix III 
a graphical presentation is given of a control panel designed 
by Dicte. 
The product can be stored without problems. 
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B-lnherent characteristics 
1. construction complexity 

2. ecological impacts of materials 

3. use of rare materials 

C-Aesthetic characteristics 
1. look 

2. smell 
3. noise 
4. feel 

The oven has a lot of parts but the assembly is rather 
straightforward. No complex technologies are used. 
The burner of the oven produces exhaust gases which have 
an ecological impact. 
None. 

The oven looks good, sturdy and strong and has a reliable 
appearance due to the use of inox. steel laminates and a 
modern looking control panel. 
Not applicable. 
When operating, the oven does not make a lot of noise. 
Not applicable. 
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2. Production process 

Lay out of the production process 

storage 

office of production 
supervisor 

assembly 

welding 

prec1s1on 

[IJ 

construction 

3 

Note: the administrative offices as well as the electronic department are situated on the 2nd floor. 

Nr. Type of machine Nr. Type of machine 
1 storage of laminates 8 machine for making grooves 
2 cutting machine 9 storage of tools and finished parts 
3 bending machine JO metal saw 
4 storage of carts 11 storage of tools 
5 storage of bent laminates 12 bending machine to curve sheet metal 
6 lathe 
7 milling machine 

The general production process 

The production process of the oven is rather straightforward. The oven consists of a lot of sheet
metal parts which are cut and bent by Dicte. Stamping of the parts is boarded out to another 
company. A schematic presentation of the general production process is given below. 
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raw mat. & 
ready bought 

parts ....------
Stamping 1--- Bending Welding i-----. 

Storage 1--------------- Construction 1-----+--- Assembly 

,__ _ _..Precffiioni---------------------------1 

The different parts of the production process (except for the stamping) will be described in the 
flow chart below, using standard symbols. 

Flow chart: 

cutting machine 
<cutting sheet metal> 

bending machine 
<bending cut parts> 

milling machines 
<milling precision parts> 

manual construction 
<constructing parts> 

5 

to bending 

to stmq>ing 

to construction 

to assembly 

to welding 

to construction 

to assembly 

to welding 



manual welding 
<welding parts> 

1 = sheet metal 
2 = sheet metal parts 
3 = stamped parts 
4 = bended parts 
5 = steel rods 
6 = milled rods 
7 =tubes 
8 =sub-assemblies 
9 =welded sub-assemblies 
10 =ready bought parts 
11 = finished oven 

Description of machine features 

Degree of mechanisation: 

machine degree of predictability 
mechanisation of quality 

lathe self acting machine medium 
milling machine self acting machine medium 
bending machine self acting machine medium 
bending machine to self acting machine medium 
curve sheet metal 
machine for making self acting machine medium 
grooves 
cuttin,g machine self actin_g machine medium 

Tolerance: 

capacity of flexibility of 
machine machine 

high low 
high low 
high low 
high low 

high low 

hi_gh low 

Dicte does not mention tolerances in the drawings of the design department. According to the 
foreman of the production department the tolerances are determined by the machine operators. 
Especially for the precision department, the absence of tolerances causes problems. The bending 
and cutting machine of Dicte have numeric control possibilities. Because of this, relatively low 
tolerances can be used. 

Note: although the two machines have numeric control, we think they should not be categorised in the flexible machine category because 
the operation is still partly manual. 
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Capacity: 
Dicte produces 4-5 ovens per month. However, the capacity of the machines is about twice as 
much. The relatively low production is caused by the national demand. At the moment, all the 
ovens are sold in Costa Rica. When Dicte wants to start exporting ovens they need to expand 
their assembly department because the capacity ofthis department is 4-5 ovens per month. 

Flexibility: 
Dicte use a lot of standard machines and therefore the flexibility is rather low. However, the 
cutting and bending machine are more flexible as well as the manual assembly. Because Dicte is 
able to produce ovens of different sizes, their internal flexibility is high. 
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3. Enterprise part 

Product price 
Comparing products with respect to their quality only is not enough, the price is very important 
as well. The following table gives an overview of Dicte's competitors and the prices of their 
machines. 

Enterprise 
Dicte (18 trays) 
Taller Industrial Loria (18 trays) 
Homos Electricos Solano (16-18 trays) 
Argenta! (15 trays) 
Polin 
Salva (16-18 trays) 
Paxter 
Winkler 

Product price (US$) 
15.120 (current price) 
18.150 
19.800 
19.870 
17.400 
19.090 
18.630 
24.215 

Note: The source ofthe prices ofthe competitors is a report ofCEGESTI from 1995. The prices have been converted from Colones into 
Dollars with a rate of200 Colones for one Dollar. 

Inputs 
Dicte produces at lot of parts itself. Parts such as the ventilator for the oven are made by Dicte. 
The production of this ventilator is very labour-intensive and it might be cheaper to buy a 
standard size ventilator as a ready bought part. According to Dicte, this is not possible because 
there are no companies in Costa Rica that produce such ventilators and importing would be too 
expensive. 
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Appendix Ill: Drawings of product 

HORNO ROTATIVO PARA 
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Appendix 40: Technology Audit DIMMSA 



Technology audit: DIMMSA, San Jose, Costa Rica 
Company size: 25 employees 

1. Product 

Product name 
Public telephone with virtual card system (Appendix IV for drawing). 

Proposed functioning of the product 
The telephone can be used to make all types of telephone calls. 

The telephone works in the following way: 
Before making a telephone call, the customer has to buy a card in a supermarket or at an I.C.E. 
(Instituto Costarricense de Electricidad, Costa Rican phone company) office. On this card is a 
secret code number and the number of the exchange. When making a call, the customer first dials 
the number of the exchange. The customer will then be asked to dial his secret card number. The 
exchange will then check if there is enough credit on the code number of the card. After this, the 
customer can make his telephone call. 

Usual application mode 
The telephone will be used to make all types of telephone calls. 

Usual operating conditions 
The telephone is specifically designed for installation in remote areas but can also be installed in 
urban areas. Because is not coin operated and has a robust design of 1.50 mm inox. steel it is less 
sensitive to vandalism. It can also be operated under all kinds of weather conditions. 

Classification of product type 
The product is classified under SITC code 724 (telecommunications apparatus). 

Identification of branch type 
DIMMSA is active in the ISIC code 383 sector (electrical machinery). 

Identification of market competitors 
International market competitors: 
• CEECO (USA) 

National market competitors: 
None (w.r.t. telephones) 

Identification of market leader 
The international market leader is CEECO. This is also the only company that produces 
telephones with more or less the same specifications as DIMMSA. 

Note: These data were provided by DIMMSA There might be other companies not known by DIMMSA 
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Product characteristics 
A-functional characteristics: 
1. durability 

2. reliability 
3. safety 

4. maintainability 

5. Sensitivity w.r.t. environment 

6. Versatility 
7. performance 

8. operational complexity 

9. compatibility 

10. ergonomics 
11. storage capabilities 
12. Size 

B-lnherent characteristics: 
1. construction complexity 

2. ecological impacts of materials 
3 . use of rare materials 
4. appropriate technology 

The durability of the telephone depends on the durability of 
its sub-assemblies. The electronic board has a durability of 
10 years but is likely to be replaced earlier due to the 
development of improved versions of the board. Each key of 
the keyboard has a lifetime of approx. 2 · l 06 interactions. 
The hook has a lifetime of approx. 30· l 06 interactions. 
No information available (probably >95%). 
According to DIMMSA and the I.C.E., this type of system 
is less sensitive to fraud than regular coin or chipcard 
telephones. 
The maintenance is very limited because it has only one 
electronic module. Because it is not coin operated, it is less 
likely to have mechanical failures (coins getting stuck or 
introduction of new coins), this limits maintenance. 
Because the telephone is not coin operated and has a robust 
design of 1.50 mm inox. steel it is resistant against 
vandalism and weather influences. The micro-switches of 
the hook are sealed to protect it against external influences. 
The keyboard is chromatised and protected against dust and 
corrosion. The telephone is protected against voltage and 
current peaks. 
The product is not versatile. 
The telephone consumes 17 mA of electricity. Quick 
connections are possible because it is a tone type telephone. 
The telephone can be installed beyond 12 km from the 
exchange. The telephone is programmed to accept calls to 
free numbers (emergencies, etc.) without having to contact 
the exchange first. 
The operation of the telephone is ,compared to coin operated 
or card operated telephones, more complex. Before making a 
telephone, it is necessary to call the exchange and dial an 
access code. 
The telephone can easily be adapted to different 
circumstances. It can be programmed for different countries. 
The telephone can also be delivered in different sizes and 
colours. The telephone is suitable for radio and cellular 
telephone networks. 
The keyboard has an ergonomic design with clear buttons. 
The product can be stored without problems. 
Dimensions: 270 x 140 x 75 mm. 

The telephone has a very simple construction. The case 
consists of 2 parts. Other parts are standard components. 
None. 
None. 
The telephone is an excellent example of appropriate 
technology. It is very suitable for application in developing 
countries. The telephone has been designed locally. The 
telephone consists of a lot of imported sub-assemblies but 
the final design is adapted to local circumstances. 
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C-Aesthetic characteristics 
1. look 
2. smell 
3. noise 
4. feel 

The telephone looks simple and very robust. 
Not applicable. 
Not applicable. 
Not applicable. 
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2. Production process 

DIMMSA only produces the case of the telephone. However, they want to start assembling the 
telephones in the near future. Therefore, we will describe the production process of the complete 
telephone. Including assembly. This is possible because except for the steel case, the telephone is 
an assembly of ready bought parts. 

General lay out of the production process 
DIMMSA consists of three separate plants. For the production of the telephone cases, they only 
use two of the three plants. The general lay-out of these two plants is given below. 

Plant 1 (welding and polishing): 

-
s 
t 
0 

painting r 

I 1 I a 
g 

Q 
e -----

- QJ s 
t 
0 

offices r CD a 
g ~[I] e -

Q co 

Nr. Type of machine Nr. Type of machine 
1 Cutting machine 5 welding machine 
2 Bending machine 6 storage polished cases 
3 polishing table with machine 7 welding machine 
4 storage unpolished cases 8 welding machine 
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Plant 2 (stamping and bending): 

Q 
s 
t 
0 

r 
a 
g 
e 

Nr. Type of machine 
1 Bending machine for tubes 
2 Storage of stamped laminates 
3 Bending machine 

The general production process 

offices 

I 5 

Nr. 
4 
5 

0 G 
CJ 

I 
Type of machine 
NC Stamping machine 
Storage of cut laminates 

Because DIMMSA consists of three plants, sub-assemblies need to be transported between the 
different plants. In the case of the telephone, the cutting of the steel laminates is boarded out to 
DICTE, a nearby company. After cutting the laminates are transported to plant 2 where the 
laminates are stamped and bent into cases. The cases are then transported to plant 1 where they 
are welded and polished. Finally, the finished cases are transported to I.C.E. for final assembly of 
the telephone. 
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Flow chart: 

cutting machine 
<cutting laminates> 

Note: This work is done by DICTE. 

to stanq>ing 

NC stamping machine 
<stanq>ing boles> 

Bending machine 
<bending laminates> 

welding machine 
<welding case> 

polishing machine 
<polishing case> 

1 = steel laminates 
2= cut front side case 
3= cut back side case 
4= stamped front side 
5= stamped back side 
6= bended front side 
7= bended back side 
8=lockpart 

to polishing 

9= welded front side 
10= polished front side 
11 =polished back side 
12= telephone hook 
13= electronic board 
14= receiver and wire 
15= keyboard 
16= finished telephone 
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Description of machine features 

Degree of mechanisation: 

machine degree of predictability capacity of flexibility of 
mechanisation of quality machine machine 

Cutting machine self acting machine medium high low 
NC stamping machine flexible machine high medium high 
Bending machine self acting machine medium high low 
Welding machine tool or handicraft low low high 
Polishing machine tool or handicraft low low high 

Tolerance: 
The drawings of the design department do not contain tolerances. According to DIMMSA they 
work under DIN/ISO standards. However, this should have been indicated on the drawings as 
well. The machines of DIMMSA are capable of producing parts with low tolerances when 
necessary (NC stamping machine: 0.005 mm). 

Capacity: 
DIMMSA produces a lot of different products. According to DIMMSA their production capacity 
is enough to produce about 500 telephone cases a week. 

Flexibility: 
The production process is very flexible because DIMMSA uses a combination of NC machines 
and manual production. This is illustrated by the fact that DIMMSA produces a lot of different 
products. 

Description of raw materials and ready bought parts 
The following table contains a description of the most important ready bought parts. For the 
production of the telephone, DIMMSA does not use raw materials (steel laminates are pre
worked by another company). 

ready bou2ht parts: product/production function: 
cut inox. steel laminates case for telephone 
receiver and wire telephone assembly 
keyboard dialling numbers 
electronic board operation of telephone 
hook for replacing the receiver 
fasteners assembly 
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3. Enterprise part 

Product price 
One of the problems of developing countries who want to expand their telecommunication 
network is the high prices of telephones. Therefore, the availability of a relatively cheap public 
telephone is very important. Comparing different types of telephones only with respect to their 
technical quality is not enough. In this case, the price is probably the most important factor. The 
table below gives an overview of the prices of different types of telephones. 

Enterprise 
DIMMSA (virtual card telephone) 
CEECO (virtual card telephone) 
Chipcard telephone (average price) 
Coin-operated telephone (average price) 

Transport 

Product price (US$) 
230 
365 
1.700 
700 

One of the problems at DIMMSA is that the production of the telephone case is divided over 2 
plants. This involves transportation through the centre of San Jose which is very time consuming. 
However, DIMMSA is building a new factory to join the different plants. This is very important 
because they want to start assembling complete telephones for the I.C.E. 

Ready bought parts 
As mentioned before, the telephone is an assembly of ready bought parts. It worth to mention that 
important ready bought parts (hook and keyboard) are acquired from CEECO. CEECO is the 
most important competitor ofDIMMSA with respect to the virtual card telephone. 
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Appendix IV: Drawing of the product 
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Appendix 4E: Technology Audit FILCA 



Technology audit: Filtros de Costa Rica (FILCA), Heredia, Costa Rica 
Company size: 96 employees 

1. Product 

Product name 
Oil filter for engines (cars, buses etc., see appendix V for drawing of product). 

Proposed functioning of the product 
The filter is designed for filtering the oil that lubricates an engine. 

The product works in the following way: 
The oil enters the filter through the small holes in the bottom of the filter and then passes through 
filtering paper. After the oil is filtered it exits the filter through the large hole in the centre of the 
bottom. 

Usual application mode 
The filters are used for engines of all kinds of vehicles. 

Usual operating conditions 
The filters are used in the engine compartment of vehicles and are exposed to high temperatures 
and vibrations. The filters are used in countries all over the world and are thus operated in 
different climates. 

Classification of product type 
The product is classified under SITC code 698 (manufactures of metal). 

Identification of branch type 
FILCA is active in the ISIC code 381 (metal products). 

Identification of market competitors 
International market competitors: 
• Purolator (USA) 
• Fram (USA) 

National market competitors: 
There are no other manufacturers of oil filters in Costa Rica. 

Identification of market leader 
According to FILCA, Fram is the most important competitor. 

Product characteristics 
A-functional characteristics: 
1. durability 

2. reliability 

3. safety 
4. maintainability 
5. Sensitivity w.r.t. environment 

The durability of the filter is approx. 450 hours of operation. 
This is about 3-12 months, depending on the frequency of 
usage. 
No information available. All filters are checked before 
leaving the factory. 
Not applicable. 
At the end of the lifetime, the product can be replaced easily. 
The filter is not sensitive to different environments. For 
operation under low temperatures FILCA delivers the filter 
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6. Versatility 

7. performance 

8. operational complexity 

9. compatibility 

10. ergonomics 

11. storage capabilities 

B-lnherent characteristics: 
1. construction complexity 

2. ecological impacts of materials 

3. use of rare materials 

C-Aesthetic characteristics 
1. look 

2. smell 
3. nmse 
4. feel 

with an appropriate type of seal that is resistant to low 
temperatures. 
The product is not versatile. However, the filter can be used 
with all types of lubricating oil. 
The performance of the filter depends on the type of paper 
used. FILCA uses Hobomex paper (Mexico) of which there 
was no information available. 
For installation of the filter, the filter has to be screwed on a 
connection of an engine. The operational complexity is very 
low. 
The filter has a rubber seal on the bottom to prevent leaking 
of oil after installation. By changing this seal the filter can be 
adapted very easily to colder climates. 
The filter is very easy to handle. Its size and shape is very 
suitable for installing the filter manually. 
The product can be stored without problems. 

The construction of the filter is not very complex. It consists 
of a few parts that can easily be assembled. 
Except for the filtering paper, all parts can be recycled. With 
respect to the production, the painting is the environmentally 
most unfriendly part of the process. 
None. 

The filter has a reliable look, with instructions painted on the 
outside. 
Not applicable. 
Not applicable. 
Not applicable. 
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2. Production process 

General lay-out of the production process 

storage of ready bought 
parts and raw materials 

assembly air filter 
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C: cover production department 

EJ 
I 24 I 

3 

fAl~I 
1 ~ 

IBl ~t:~ 

~ JJ 

10~ 
j storage I 



Nr. 
1 
2 

3,7 
4 
5 
6 
8 
9,16 
10 
11-14 

Type of machine 
paper folding machine with oven 
gluing machine 

drying oven 
press 
testing equipment 
painting text on cans 
manual packing 
cutting machine 
storage of tools 
deep drawing machine 

15 cutting machine for cans 

The general production process 

Nr. 
17,24,31 
18,25, 26-28, 
32,33, 39, 
40-43 
19 
20 
21-23 
29,30,35,36 
34 
37,44 
38 
45 

Type of machine 
feeding machine for laminates 
stamping machine 

manual cutting machine 
bending machine for tubes 
point welding 
column drill 
turn table assembly machine 
welding machine 
press 
testing equipment for screw
thread 

The production of an oil filter consists of a number of different steps. First, there is the 
production of the can. Next, the small, perforated tube in the centre of the filter is produced. 
Third, the cover of the bottom of the filter and the two discs that hold the filtering paper and the 
tube are made. Finally, the filter is assembled. As can be seen in the lay-out, each part is 
produced in a different department of the plant. Below, flow charts of the several parts of the 
production process are given. 

Flow chart of can production: 

cutting machine 
<cutting laminates> 

~ deep drawing machine 
V ·~ . <pressing can in 4 steps> 

I= steel laminates 
2= sized laminates 
3= pressed can 
4= can 
5= finished can 

cutting machine 
<removing edge of can> 

painting machine 
<painting can> 
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Flow chart of tube production: 

stamping machine 
<perforating laminate> 

cutting machine 
<cutting in pieces> 

from cutting b d' h' .., J":\ _ ... en mg mac me 
~ <bending pieces into tubes> 

frombendi~ 

6= steel laminate on roll 
7= perforated laminate 
8= cut laminate 
9= bent laminate 
10= finished tube 

Flow chart of covers production: 

welding machine 
<welding tubes> 

cutting machine 
<cutting laminates> 

stamping machine 
<stamping laminates> 

column drill 
<tapering center hole> 
<drilling screw-thread> 
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to stamping 

to welding II 

to welding II 

to drilling 

to welding I 

to welding I 



from stamping 

from drilling 

from stamping 

welding machine I 
<welding bottom cover> 

press machine 
<pressing edge> 

welding machine II 
<welding valve in cover> 

11 = rubber sheets 22= valve part (for top disc) 
12= steel laminate on roll 
13= steel laminate TI on roll 
14= cut rubber sheets 

23= inside ring with screw-thread 
24= welded cover 
25= finished cover 

15= cut steel laminate 26= small spring 
16= cut steel laminate TI 27= finished top disc 
17= top disc for filter paper 
18= bottom disc for filter paper 
19= outside ring cover 
20= inside ring cover 
21= round rubber seal 

Flow chart of centre part production: 

folding machine + oven 
<folding filter paper> 

scissors 
<cutting paper to size> 

manual assembly I 
<glueing center part> 

oven 
<drying center part> 
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to drying 

to assembly II 



Flow chart of final assembly: 

from press 

manual assembly II 
<putting parts in can> 

press 
<attaching cover to can> 

testing equipment 
<testing filter for leaks> 

mould 
<painting text on can> 

oven 
<drying paint> 

assembly III 
<inserting ring seal> 

manual packing 
<packing filters in box> 

28= filter paper on roll 
29= folded filter paper 
30= sized filter paper 

36= assembled filter 
3 7= tested filter 
38= filter with text 
39= dried filter 
40=rubber ring seal 
41 = finished filter 
42=boxes 

31 = assembled center part 
32= finished center part 
33= spring 
34= rubber seal 
35= assembled can 43= packed filters 
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Description of machine features 

Degree of mechanisation: 

machine degree of predictability capacity of flexibility of 
mechanisation of quality machine machine 

paper folding machine self acting machine medium high low 
gluing machine self acting machine medium high low 
press self acting machine medium high low 
testing equipment self acting machine medium high low 
cutting machine self acting machine medium high low 
deep drawing machine self acting machine medium high low 
cutting machine cans self acting machine medium high low 
stamping machine self acting machine medium high low 
scissors tool or handicraft low low high 
bending machine self acting machine medium high low 
point welding self acting machine medium high low 
column drill self acting machine medium high low 
assembly machine self acting machine medium high low 
welding machine self acting machine medium high low 

Tolerance: 
The drawings of the design department contain tolerances. All parts with tolerances are produced 
by the stamping machines. The accuracy of these machines depends entirely on the dies used to 
get the desired shape. There are no problems regarding tolerances at FILCA. 

Capacity: 
The current production volume is 150.000 filters. Sixty percent of these are oil filters and the rest 
are air and gasoline filters. The maximum production capacity is 200.000 filters with one shift. 
The difference is caused by an insufficient demand for filters. 

Flexibility: 
Although the degree of mechanisation table indicates a low flexibility of the production process, 
the process is rather flexible. FILCA produces a lot of different types and sizes of oil filters, air 
filters and gasoline filters. 

Description of raw materials and ready bought parts 
The following tables contain a description of the most important raw materials and ready bought 
parts. 

ready bought parts: product/production function: 
rubber ring seal to prevent oil from leaking when installed 
rubber valve to prevent oil from flowing back before filtered 
large spring to keep inside part in place 
small spring part of small valve, to keep the oil flowing when 

the filter is dirty. 
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raw materials: oroduct/oroduction function: 
filter paper material for filtering the oil 
cold roll steel, general material for inside ring cover 
cold roll steel, long extension material for cans 
cold roll steel, Temple 2 material for outside ring and discs 
rubber sheets material for small valve 
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3. Enterprise part 

General information 
FILCA has recently been taken over by GONHER, a very large filter manufacturer in Mexico. 
This will improve their possibilities for exporting their filters. Because of the influence of 
GONHER, the production process of FILCA will be reorganised in the near future 

Product price 
The average price of a FILCA oil filter ranges from 3-5 US$, depending on the type and size. 
According to FILCA there are no large differences between their prices and those of the 
competitors. 

Factory and storage 
The factory gave a very untidy impression. There were sub-assemblies and ready bought parts 
stored everywhere. Besides, a number of machines were broken or not functioning. According to 
FILCA, they have a stock of about one month. We got the impression that it was a lot more than 
that. However, in the near future they are planning to shift to a Just-In-Time production and stock 
control system. 

Personnel 
In our opinion, FILCA has a lot of personnel working in the production department. Although 
they recently fired about 20 people, we think that there are still too many people working in the 
production department. By small improvements w.r.t. mechanisation of the production process, a 
lot of labour costs could be saved. Also, FILCA mentioned that there are 32 people working in 
the offices. We did not check this part of FILCA, but in our opinion this is also a lot for an 
enterprise like FILCA. 
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Appendix V: Drawing of product 

1. large spring 
2. top disc 
3. glue 
4. filtering paper 
5. perforated tube 
6. small valve 
7. can 
8. cover 
9. rubber ring seal 
IO.screw-thread 

'· 

,.,--- a. 
/! ' 

~.-.1i1--__::::.-f~"'"""""~ I 

11 



Appendix 4F: Technology Audit Bananera 



Technology audit: Bananera el Prado S.A., San Jose, Costa Rica 
Company size: 35 employees 

1. Product 

Product name 
Banana trolley (see appendix VI for drawing of product). 

Proposed functioning of the product 
The product is used to transport harvested banana bunches by hanging them on the trolley. 

The product works in the following way: 
The harvested bunches are hung on the hook of the trolley and fastened with a rope or a chain. 
The trolley moves over a cable through the plantation to the packing and storage factory. Usually, 
about 20 (when transported by manpower) or 100 (when transported by a machine) trolleys are 
transported together by connecting the trolleys with bars (see appendix VII for example). 

Usual application mode 
The product is mainly used for transporting bananas but at some plantations the trolleys are also 
used to transport fertiliser and water tanks through the plantations. Also, the product could be 
used to transport other agricultural products. 

Usual operating conditions 
The product is used in banana plantations, in the open air. The environment is usually very humid 
and hot. In Costa Rica, most of the bananas are grown on the Caribbean coast. Here, the product 
is exposed to a lot ofrain and salty air. 

Classification of product type 
The product is classified under SITC code 698 (manufactures of metal) 

Identification of branch type 
Bananera el Prado is active in the ISIC code 381 sector (metal products). 

Identification of market competitors 
International market competitors: 
• Thomas cable way (USA) 

National market competitors: 
• Sueje 

Identification of market leader 
Not yet known 

Product characteristics 
A-fanctional characteristics: 
l. durability 

2. reliability 

3. safety 

When well maintained approx. 10 years. Important sub
assemblies: chain 2-3 years, galvanised layer max. 5 years 
depending on environment (after this period the product will 
start to corrode and the quality starts to decrease). 
No exact information available. Very little problems occur 
during operation. 
Not applicable. 
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4. maintainability 

5. sensitivity w.r.t. environment 

6. versatility 

7. performance 

8. operational complexity 
9. compatibility 

10. ergonomics 
11. storage capabilities 

B-Inherent characteristics: 
1. construction complexity 

2. ecological impacts of materials 

3. use of rare materials 

C-Aesthetic characteristics 
1. look 
2. smell 
3. noise 
4. feel 

Every two years the bearings have to be cleaned and 
greased. For the cleaning the rubber seal can easily be 
removed. 
The galvanised layer of the trolley is rather sensitive w.r.t. 
environment. Usually the trolley starts to corrode after 5 
years but when fertiliser is transported the corrosion starts 
much earlier. People working with the aggressive fertiliser 
touch the trolleys with dirty hands. 
The product can be used to transport all kinds of 
agricultural products. (cocoa, flowers, lumber) 
The performance can be indicated by the weight the trolley 
can carry and the performance of the rollers (bearings). The 
average weight of a bunch of bananas is 25 kg. The trolley 
can carry a lot more than that. The roller bearings are 
protected by a seal to prevent entry of water and dust. If 
well maintained, the bearings have little resistance. 
The product is very easy to operate. 
The trolley can easily be adapted to transport other 
agricultural products by hanging a tray on the trolley hook. 
Because the trolley is galvanised it can be used in different 
environments. 
The trolley is very easy to handle and also easy to install. 
The product can be stored without problems. However it 
should not be stored in open air for a long time due to 
COrrOSIOn. 

The construction of the trolley is not very complex. It 
consists of a few parts that can easily be assembled (see 
appendix VI). 
An environmentally unfriendly part of the production 
process is the galvanising of the trolley. This process uses a 
lot of chemicals and heavy metals. 
None. 

The product has a reliable and strong look. 
Not applicable. 
Not applicable. 
Not applicable. 
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2. Production process 

General lay out of the production process 

The lay-out of the production process was provided by Bananera el Prado and can be found in 
Appendix VIII together with a translation of the Spanish terms. 

The general production process 

The banana trolley consists of different parts. The drawings of these parts can be found in 
Appendix VI. Below, the production of these parts and the assembly is described with different 
flow charts. 

Flow chart of small plates production (parts A and Bin Appendix VI): 

froms~ing 

from drilling 

stamping machine 
<s~ing holes in strip 
and cutting strip to size> 

column drill 
<drilling thread> 

polishing machine 
<polishing plates> 

1 = steel strip 
2= stamped plate A 
3= stamped plate B 
4= plate A with screw thread 
5= plate A polished 
6= plate B polished 

Flow chart of U-shaped hook production: 

from cutting 

lathe 
<cutting rod to size> 

stamping machine 
<bending U-shape rod> 

7= steel rod 
8= sized rod 
9= U-shaped rod 
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Flow chart of chain production: 

stamping machine 
<cutting chain to size> 

lathe 
<winding steel spring> 

stamping machine 
<cutting rings> 

welding machine 
<welding rings to chain> 

IO= chain 
11 = sized chain 
12= steel wire 
13= steel spring 
14= steel rings 
15= finished chain with rings 

Flow chart of the hook production (part C): 

from cutting 

from drilling 

from beveling 

stamping machine 
<cutting rod to size> 

column drill 
<drilling hole in rod> 

lathe 
<beveling ends of rod> 

bending machine 
<bending rod> 

scissors 
<cutting small rod> 
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from bending 

hook assembly 
<welding parts to hook> 

16= steel rod 
17= sized rod 
18= rod with hole 
19= beveled rod 
20= bended rod 
2l=thinrod 
22= sized thin rod 
23= assembled hook 

Flow chart of the roller outside production (part E): 

from milling 

from CNC milling 1 

lathe 
<cutting to size> 
<milling groove> 
<drilling hole> 

CNC lathe 
<milling inside wheel> 

CNC lathe 
<sizing outside wheel> 

24= steel rod 
25= rough outside wheel 
26= wheel with grooved inside 
27= wheel with sized outside 

Flow chart of the roller inside production: 

from milling 

lathe 
<cutting to size> 
<drilling hole> 

CNC lathe 
<milling outside grooves> 

press + drill 
<making inside hexagonal> 

28= steel rod 
29= sized rod with hole! 
30= grooved inside wheel (2x) 

to CNC milling 1 

to CNC milling 

31 =inside wheel with hexagonal hole 
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Flow chart of the axis production (part F): 

from milling 

from milling 

lathe 
<cutting to size> 
<milling to size> 

lathe 
<milling small groove> 

rolling machine 
<rolling screwthread> 

32= hexagonal rod 
33= sized rod 
34= axis with small groove 
35= axis with screwthread 

Flow chart of tube production (part H): 

from cutting 

lathe 
<cutting pipe> 

column drill 
<drilling hole> 

36= steel tube 
3 7= sized tube 
38= tube with hole 

Flow chart of heat-treatment and galvanising process: 

from milling 

oven + cooling bath 
<heat treating wheels> 
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to milling 

to galvanising 

to galvanising 



from heat 
treating 

39= heat treated outside wheel 
40= heat treated inside wheel 
41 = galvanised plate A 
42= galvanised plate B 
43= galvanised hook 
44= galvanised axis 
45= galvanised tube 
46= galvanised outside wheel 
47= galvanised inside wheel 

Flow chart of the trolley assembly: 

f 
r 
0 

m 

g 
a 
I 
v 
a 
n 

n 
g 

to assembly or 
customer as 
spare part 

to customer 

48= small screw with plastic ring (part D) 
49= small pin (part G) 
50= rubber seal for rollers 
51 = bearing parts (balls, cage) 
52= finished trolley 
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Description of machine features 

Degree of mechanisation: 

machine degree of predictability capacity of flexibility of 
mechanisation of quality machine machine 

NC lathe flexible machine high medium high 
lathe self acting machine medium high low 
lathe 70 self acting machine medium high low 
lathe jatormat self acting machine medium high low 
stamping machine self acting machine medium high low 
column drill self acting machine medium high low 
welding machine self acting machine medium high low 
bending machine self acting machine medium high low 
polishing machine tool or handicraft low low high 
galvanising equipment self acting machine medium high low 
ovens for heat treating self acting machine medium high low 
thread rolling machine self acting machine medium high low 
hexagonal press self acting machine medium high low 

Tolerance: 
For most parts of the trolley, tolerances are not very important. However, for the production of 
the wheel (bearing) tolerances are very important. With the actual production of the wheels there 
are no problems because they are produced by an NC machine. However, problems occur after 
the heat treatment and galvanising. Sometimes, the zinc layer is too thick or unevenly spread. 
This causes friction in the bearing. 

Capacity: 
The current production volume for the trolleys with super rollers is 48000 complete trolleys per 
year and 22000 wheels as spare parts. They also still produce 2700 trolleys of the conventional 
type. Bananera el Prado has the capacity to increase the production by changing from one to two 
or three shifts a day. According to them, they do not have capacity problems w.r.t. the trolleys. 

Flexibility: 
Some parts of the production process of Bananera el Prado are flexible (for example, the two NC 
lathes). Other parts of the production process are not flexible such as the two lathes controlled by 
cams. 

Description of raw materials and ready bought parts 
The following tables contains a description of the most important raw materials and ready bought 
parts. 

ready bou2ht parts: product/production function: 
rubber seal seal for bearing in wheel 
screw with plastic ring securing wheels between plates 
balls for ball bearing 
chain DIN 766, 4mm fastening bananas to hook 
cage for ball bearing 
pin fastening hook to plates 
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raw materials: oroduct/oroduction function: 

commercial steel THOMAS (5 mm) for plates 
steel rod (for heat treatment) for wheels 
steel rod AISI I 018 for hook and U-shaped hook 
thin steel wire for small rod locking chain 
steel pipe for small tube 
metal wire for rings 
hexagonal rod AISI 12Ll4 for axis 
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3. Enterprise part 

General information 
Although the trolleys are the main product of Bananera el Prado, they also produce equipment for 
the installation of the transport cables on the plantation and rods for connecting the trolleys. 

Product price 
The price of a banana trolley with super rollers ranges from US$ 13-15. The conventional type 
costs about US$ 8-11. We do not yet have price information about the competitors ofBananera el 
Prado. 

Factory and storage 
Compared to most other companies we visited the factory gave a tidy impression. According to 
Bananera el Prado they have some problems with the inventory control. The personnel was not 
accurate enough w.r.t. their production administration. According the factory manager this was 
due to the educational level of the production personnel. 
The delivery time for the trolley is about 2 weeks because Bananera el Prado does not have a 
storage for finished products. 
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Appendix VI: Drawing of product 
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Appendix VII: Example of banana transport through plantation 
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Appendix 4G: Technology Audit Corusa 



Technology audit: Corusa, S.A., San Jose, Costa Rica 
Company size: 50 employees 

1. Product 

Product name 
Clips and wire for cloth hangers. The product consists of one wire and two clips, assembled 
together (see Appendix IX for picture). 

Proposed functioning of the product 
The product is installed in the frame of a cloth hanger. The clips are used for fastening clothes to 
the hanger. 

Usual application mode 
The product is only used as a part of a cloth hanger. 

Usual operating conditions 
The product will be used in stores and in wardrobes. 

Classification of product type 
The product is classified under SITC code 698 (manufactures of metal). 

Identification of branch type 
Corusa is active in the ISIC code 381 (metal products). 

Identification of market competitors 
International market competitors: 
Corusa has several market competitors all over the world in a.o. Mexico, USA, Taiwan and 
South Korea. Corusa could not give us names of specific competitors. 

National market competitors: 
There are no other manufacturers of this product in Costa Rica. 

Identification of market leader 
According to Corusa their main competitors are in Taiwan. 

Product characteristics 
A-fimctional characteristics: 
1. durability 
2. reliability 
3. safety 
4. maintainability 
5. sensitivity w.r.t. environment 

6. versatility 

7. performance 

No information available. 
No information available. 
Not applicable. 
Not applicable, part is replaced when broken. 
The steel is galvanised so the product is not sensitive to 
corrosion. Rough handling can damage (bend) the product. 
The clips can be moved on the wire and thus the product 
can be used to fasten all sizes of clothing. 
The performance of the product depends on the flexibility of 
the wire (for installation) and the strength of the springs in 
the clips (holding the clothes). The springs are very strong 
(maybe too strong). The wire of 
the product we obtained was not very flexible, this is due to 
kind of steel wire used (see list ofraw materials). When we 
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8. operational complexity 
9. compatibility 

10. ergonomics 

11. storage capabilities 

B-Inherent characteristics: 
1. construction complexity 

2. ecological impacts of materials 

3. use of rare materials 

C-Aesthetic characteristics 
1. look 
2. smell 
3. noise 
4. feel 

bent the wire slightly, it did not return to its original straight 
shape (plastic deformation). 
Low. 
The product can easily be adapted to fasten other sizes of 
clothing. 
The springs are rather strong so opening the clips is not 
very easy. When the clips are pinched, they do not open 
straight and bend. The clips have a ribbed surface so they 
give a good grip when pinching. 
The product can be stored without problems. 

The product consists of only 4 different parts and is thus 
not complex. 
The product is easily wasted after usage. However, all parts 
can be used for recycling. 
none. 

The product does not give a sturdy and reliable impression. 
Not applicable. 
Not applicable. 
The clips have a ribbed surface, which gives it a good grip. 
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2. Production process 

General lay out of the production process 

s 
t 
0 

r 
a 
g 
e 

storage 

13 

14 

15 

I $Sembo/ 11 $~mbo/ I 

Nr. 
1 
2 
3,5 
4,6 

offices 

Type of machine 
stamping machine 
feeder with steel laminate 
wire cutter 

assembly 

feeder with galvanised wire 

The general production process 

Nr. 
7,9,11 
8,10,12 
13,14,15 
16,17 

-i --as-se_m_b_ly __ 

assembly 

Type of machine 
spring winder and cutter 
feeder with spring wire 
plastic end to clip assembly 
clip assembly 

Below, the production of the wire, the several parts of the clip and the final assembly are 
described with different flow charts. 

Flow chart of spring production: 

spring winding and 
cutting machine 

<winding and cutting spring> 

1= spring wire on roll 
2= finished spring 
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Flow chart of wire production: 

~ wire cu~g.machine V "\V . <cuttmgw1re> 

Flow chart of clip production: 

from stamping 

from attaching 
plastic end to clip 

Flow chart of final assembly: 

3= galvanised wire on roll 
4= finished wires 

stamping machine 
<stamping clip halves> 

assembly machine I 
<attaching plastic end to clip> 

assembly machine II 
<assembling clip halves> 

5= steel laminate on roll 
6= stamped clip halves 
7= plastic strip on roll 
8= finished clip halve 
9= assembled clip halves 

spring press 
<manual assembly of wire & clips> 

10= finished wire with clips 

to attaching 
plastic end 

to assembling 
clip halves 

The final assembly is done in groups of five people. One person loads the bars for the spring 
press with springs. The other four insert the spring in the clip and put it on the wire (two per 
wire). 
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Description of machine features 

Degree of mechanisation: 

machine degree of predictability capacity of flexibility of 
mechanisation of quality machine machine 

stamping machine self acting machine medium high low 
wire cutter self acting machine medium high low 
spring winder and cutter self acting machine medium high low 
plastic end to clip self acting machine medium high low 
assembly machine 
clip assembly machine self acting machine medium high low 
final assembly machine self acting machine medium high low 

Note: The final assembly is done by hand with the help of a small machine for pressing the spring. 

Tolerance: 
According to Corusa, tolerances are important for the length of the wire. This is necessary for the 
installation of the wire in the cloth hanger. However, they did not have design drawings nor were 
the tolerances exactly known. However, they did regularly check the length of the wires during 
production. 
For the other parts of the production process, tolerances are not important. 

Capacity: 
The production volume of Corusa is about 500.000 products per month. They have a lot of 
problems with their production capacity. This is caused by the machines for the clip assembly. 
Two of the three machines for the plastic end to clip assembly were broken. The one that did 
function had problems also. According to Corusa, they had a fall-out of about 10% with this 
machine. The clip assembly machines were of two types, a slow and a faster machine. The slow 
one was more accurate in positioning the clip halves. The faster machine sometimes positioned 
the clip halves turned up side down. 
The supply for these two machines is the stamping machine with a very large capacity (600 clip 
halves per minute). It only has to operate for an hour or so to produce the daily quantity needed. 
The most important machine responsible for the capacity problems is the plastic end to clip 
assembly machine. This machine is already 20 years old and was acquired from the USA about 3 
years ago. They have had problems with this machine from the start. Therefore, we will describe 
this machine in more detail below. 
The machine consists of a centrifugal feeder with vibration. From the feeder the clip halves are 
transported to a transport chain. The halves are positioned on this chain with a pushing rod. After 
this the clips are transported to the actual assembly system. The assembly system consists of a 
feeder for the plastic strip from which the ends are cut. The cut ends are positioned above the clip 
halves and then pushed down and fastened. When assembled, the chain transports the clip halves 
to a storage box. 
The main problems of the machine are: 
• clip halves sticking together, causing problems in the feeder system 
• the whole assembly system is not functioning well and has the following problems: 

=:> The feeder for the plastic strip does not position the strip well for the cutting 
knife. Therefore, the length of the plastic ends is often too large. When the ends 
are too large they do not fit in the clip halve and they are positioned obliquely in 
the clamps above the clip. 

=> The plastic ends sometimes are too small, this is caused by the transport rod not 
gripping the cog-wheel right. When the ends are too small they cannot be 
clamped above the clip. 
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• Sometimes, the assembled clip halves are not removed from the transport chain and they 
get stuck on the chain. This causes problems at the point where new clip halves are 
positioned on the chain. 

Flexibility: 
Corusa has a low flexibility. All the machines are specifically designed for producing and 
assembling the clips and wire, except for the stamping machine. Their only flexibility is that they 
can change the desired length of the wire. 

Description of raw materials and ready bought parts 
The following tables contains a description of the most important raw materials, no ready bought 
parts are used. 

raw materials: product/production function: 
galvanised wire, 1.25 mm diameter, tensile wire for attaching the clips 
strength approx. 56-77 Kg/mm2, 
price US$ 1000/Metric Ton 
spring wire, 1.57 mm diameter, anti-rust treated spring for clips 
material, material based on C 1060, 
price US$ 830/Metric Ton 
T-5 temper box annealed steel tin plate, body of the clips 
012 gauge, 4.125 inch width Rockwell 62-68, 
Titan Steel company 
plastic strip on roll plastic ends for gripping clothes 

Comments w.r.t. the raw materials: 
The plastic strip is sometimes not straight, which causes problems in the plastic end to clip halve 
assembly. Also, we think that the galvanised wire is not of the right type because it is not flexible 
enough. Maybe a more flexible wire would be better. 
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3. Enterprise part 

General information 
Corusa is owned for 1/3 by Americans and for 2/3 by Costa Ricans. Corusa does not sell their 
products directly to consumers but delivers them as semi-manufactured products to cloth hanger 
manufacturers (for 99% in the USA). 

Product price 
The average price of 1000 products is US$ 85. The problem of Corusa is that a large part of the 
costs of the product is determined by the raw materials (about 60%). Because of this, they 
currently are not making any profit. They will have to raise the price of their product or try to 
lower the costs of their raw materials to break-even but this will be difficult. Especially for a 
small Costa Rican company such as Corusa it will be difficult to lower the prices for their inputs. 

Factory 
The workfloor gave a tidy impression. However, the storage of raw materials and finished 
products was spread all over the factory (see also lay-out). 

Inputs 
Corusa has several problems with raw materials. The plastic strip for the ends of the clips is not 
always of good quality and causes problems with the clip assembly. The galvanised steel wire is 
in our opinion not flexible enough. Furthermore, the prices of the raw materials are much too high 
compared to the price of the product but according to Corusa they buy the cheapest raw materials 
of good quality. 

Personnel 
Most of the personnel at Corusa consists of low educated people. This is also one of their 
problems. When there are technical problems they don't have experienced personnel to solve 
these problems. According to Corusa it is very difficult to hire qualified technical personnel in 
Costa Rica. Corusa tried to solve this by offering education to some employees but they either 
didn't want to go to school or left the company for a job at a large enterprise after the education. 
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Appendix IX: Picture of product 
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Appendix 4H: Technology Audit Fundici6n Saborio 



Technology audit: Fundici6n Saborio S.A., San Jose, Costa Rica 
Company size: 25 employees 

1. Product 

Product name 
All types of cast products (benches, lampposts, fences, machine parts, etc., see Appendix X for 
picture of examples of products) 

Proposed functioning of the product 
Depends on the type of cast product. 

Usual application mode 
Depends on the type of cast product. 

Usual operating conditions 
Depends on the type of cast product. 

Classification of product type 
The products are classified under SITC code 679 (Iron and steel castings and forgings). 

Identification of branch type 
Fundici6n Saborio is active in the ISIC code 371 sector (Iron and steel). 

Identification of market competitors 
International market competitors: 
Fundici6n Saborio mentioned that their most important foreign competitors are from Mexico. 

National market competitors: 
There are about 15 other manufacturers of cast products in Costa Rica. However, Fundici6n 
Saborio is the only manufacturer that produces the mould, casts the product and manufactures 
the cast product (cleaning, milling to size, etc.). 

Identification of market leader 
Fundici6n Saborio is the market leader in Costa Rica, they possess about 50% of the national 
market. On international level it is very difficult to indicate the market leader because there are a 
lot of companies that all make different kinds of cast products. 

Product characteristics 
A-functional characteristics: 
1. durability 
2. reliability 
3. safety 
4. maintainability 
5. sensitivity w.r.t. environment 
6. versatility 
7. performance 

No information available. 
No information available. 
No information available. 
Not applicable. 
Depends on the type of metal used. 
Depends on the type of cast product. 
Depends on the type of cast product, but the main quality 
characteristic of cast products is their mechanical 
resistance. Because Fundici6n Saborio casts in sand, they 
sometimes have problems with the porosity of the product. 
If this happens, they do not deliver the product to the 
customer. 
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8. operational complexity 
9. compatibility 
10. ergonomics 
11. storage capabilities 

B-lnherent characteristics: 
1. construction complexity 

2. ecological impacts of materials 

3. use of rare materials 

C-Aesthetic characteristics 
1. look 

2. smell 
3. noise 
4. feel 

Not applicable. 
Depends on the type of cast product. 
Depends on the type of cast product. 
Most cast products can be stored without problems. 

Not complex, all products consist of one part. The 
complexity of the shape depends on the type of cast 
product. 
All materials can be recycled. Fundici6n Saborio uses a lot 
of scrap metals as raw material. 
None. 

Depends on the type of cast product. Because Fundici6n 
Saborio has a modem sand blast they can make the surface 
very smooth if demanded by the customer. 
Not applicable. 
Not applicable. 
Depends on the type of cast product. 

2 



2. Production process 

General lay out of the production process 
The factory of Fundici6n Saborio consists of four floors, below the lay-out of each floor is given. 

Ground level (wood working department): 
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I wotkbench I 0 

I 4 I f 
,.--

s 

~ 
f 

t 

D 
i 

a c 

i e 

r 
QJ QJ 

s 

c 
a [j s 
e I storage I 

Nr. Type of machine Nr. Type of machine 
1,2 Circular saw 5 Grinding machine 
3 Planning-machine 6 Sawing machine 
4, 7 Lathe 

Level -1 (Precision department): 
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a design and drawing department 
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r ....___ 
c 
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s 
e storage shelves 

Nr. Type of machine Nr. Type of machine 
8-12 Lathe 14 Sawing machine 
13 Column drill 
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Level -2 (Aluminium and bronze casting department): 

storage 
of 

scrap 
metal 

Nr. 
15 
16,17 
18 

storage of scrap 
metal 

- ~ s 
t 
a sand storage 
i and 
r casting 
c 0 a 
s 
e 

Type of machine 
Melting pot 
Moulding press 
Cleaning mill 

~ 

~ 

~ 
0 

sand storage 
and 

casting 

Nr. 
19 
20 

Type of machine 
Polishing machine 
Sand blast 

lower level 

I workbench 

sand storage 
and 

casting 

The iron casting is done in a separate plant on level -3. This plant is only used once a week and 
has a similar lay-out as the aluminium and bronze casting department. 

The general production process 

The production of a cast product consists of a number of different steps. The first step is to make 
a drawing of the desired wooden model. Next, the wooden model is produced. The actual casting 
consists of making a mould of sand, using the wooden model. After that the liquid metal is poured 
into the mould. After a cooling-down period, the sand is removed and the cast product is cleaned 
and polished. 
Below, flow charts of the several parts of the production process are given. 

Flow chart of model production: 

l=wood 
2=model 

woodworking 
machines and tools 
<making wooden rmdel> 
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Flow chart of casting process: 

from melting 

from casting 

wooden model 
and tools 

<making mould of sand> 

melting pot 
<melting metal> 

mould of sand 
<casting product> 

polishing machine 
<polishing product> 

lathe 
<milling product> 

3=black sand 
4= mould of sand 
5= scrap metal 
6= fluid metal 
7= cast product 
8= polished product 
9= finished product 

Description of machine features 

Degree of mechanisation: 

machine degree of predictability 
mechanisation of quality 

Circular saw self acting machine medium 
Planning machine self acting machine medium 
Lathe self acting machine medium 
Grinding machine self acting machine medium 
Sawing machine self acting machine medium 
Column drill self acting machine medium 
Melting pot self acting machine medium 
Moulding press self acting machine medium 
Cleaning mill self acting machine medium 
Polishing machine self acting machine medium 
Sand blast self acting machine medium 
Several tools tool or handicraft low 
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capacity of flexibility of 
machine machine 

high low 
high low 
high low 
high low 
high low 
high low 
high low 
high low 
high low 
high low 
high low 
low high 



Tolerance: 
Tolerances are not very important for cast products. If a product has certain important tolerances, 
it can always be milled to size by either Fundici6n Saborio or (if necessary) a company with N.C. 
equipment. 

Capacity: 
Fundici6n Saborio can produce any cast product in a quantity from one to 1000 or more. Due to 
the variety of products no exact information about capacity can be given. 

Flexibility: 
Fundici6n Saborio is a very flexible company. Because most of the work is done by hand, using 
simple tools. Therefore, they can make all kinds of cast products. However, very large products 
cannot be made due to transportation problems between the different departments. 

Description of raw materials and ready bought parts 
The following table contains a description of the most important raw materials. 

raw materials: product/production function: 

scrap metal (aluminium, bronze and iron) base metal for cast products 
black sand making mould 
wood (cedar, mahogany) base material for wooden model 
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3. Enterprise part 

General information 
Fundici6n Saborio makes a lot of different types of cast products (different shapes, materials, 
etc.), sometimes only one product per order. It is therefore very difficult to make a product 
comparison with one specific product. Also, the casting process is very complex and one needs 
specific knowledge about this process to compare the quality of cast products in general. We 
therefore think that companies like Fundici6n Saborio are not suitable for a technology audit 
based on product quality only. 

Financial aspects 
Fundici6n Saborio mentioned that all their investments were paid for. They only invest in new 
machines when there is money available from profits. They do not lend money from a bank to 
speed up their modernisation process. According to Fundici6n Saborio, a lot of Costa Rican 
companies went bankrupt due to fast but too costly modernisation processes. 

Factory 
The factory gave a very untidy impression. Scrap metal was spread over all parts of the factory. 
The storage for moulds and finished products gave a very unstructured impression. Fundici6n 
Saborio is about to improve their storage system by labelling the moulds and using a computer. 
The factory is located on a steep hillside and the four departments are located on different floors. 
The buildings did not give a very sturdy impression. Due to the location, the cast products have to 
be transported from department to department over small staircases. Especially with large and 
heavy cast products this gives a lot of problems. 
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Appendix X: Picture of examples of products 
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Appendix 41: Technology Audit R&R Precision 



Technology audit: R&R Precision S.A., Heredia, Costa Rica 
Company size: 35 employees 

1. Product 

Product name 
All types of precision parts such as machine tools, moulds, dies, fixtures, etc. (For examples of 
products, see Appendix XI). 

Proposed functioning of the product 
Depends on the type of product. However, most products are used as machine parts. 

Usual application mode 
Most types of products are used as parts of machines. 

Usual operating conditions 
Depends on the type of machine in which the product is used. 

Classification of product type 
The products are classified under SITC code 695 (tools for use in the hand or in machines). 

Identification of branch type 
R&R Precision is active in the ISIC code 381 sector (metal products). 

Identification of market competitors 
International market competitors: 
Competition from all over the world, no specific enterprise was mentioned by R&R Precision. 

National market competitors: 
R&R Precision has a lot of competitors in Costa Rica but when it comes to precision parts with 
very low tolerances they have no local competition. 

Identification of market leader 
R&R Precision is the market leader in Costa Rica. On international level it is very difficult to 
indicate the market leader because there are a lot of companies like R&R Precicion. 

Product characteristics 
A-fanctional characteristics: 
1. durability 
2. reliability 
3. safety 
4. maintainability 
5. sensitivity w.r.t. environment 
6. versatility 

7. performance 

8. operational complexity 
9. compatibility 

No information available. 
No information available. 
No information available. 
Not applicable. 
Depends on the type of metal used. 
The products are not versatile. They are designed for one 
specific purpose. 
Depends on the type of product, but the main quality 
characteristics of the products are the precision and the 
roughness of the surface. R&R Precision has no problems 
with these two aspects. They have very modem machines 
and can produce products with a tolerance of 0.00254 mm. 
Not applicable. 
Not compatible. 
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10. ergonomics 
11. storage capabilities 

B-lnherent characteristics: 
1. construction complexity 

2. ecological impacts of materials 

3. use of rare materials 

C-Aesthetic characteristics 
1. look 
2. smell 
3. noise 
4. feel 

Not applicable. 
Most products can be stored without problems. 

Not complex, all products consist of one part. The 
complexity of the shape depends on the type of product. 
Most materials have no serious ecological impact and can 
be recycled. 
None. 

In general the products look very good. 
Not applicable. 
Not applicable. 
Not applicable. 
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2. Production process 

General lay out of the production process 
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Nr. 
1,2 
3-8 
9-11, 23 
12, 13 
14-18 
24, 25 

Type of machine 
Wire-Electrical Discharge Machine 
Grinding machine 
Lathe 
EDM 
Milling machine 

The general production process 

Nr. 
19-21 
22, 27, 28 
26 
29 

Type of machine 
NC milling machine 
Saw 
Engraving machine 
Injection moulding machine 

R&R Precision produces a lot of different types of products, therefore it is very difficult to 
describe the production process. Below a very general description of the production process is 
given. 

Flow chart of the general production process: 

from sawing 

from milling -0---4 

from heat tre~ 

sawing machine 
<sawing raw material> 

(NC) lathe or 
milling machine 
<milling basic shape> 

oven 
<heat treating product> 

grinding machine 
<polishing product> 

from polishi~5 (wire) EDM 
~ <electrical discharging> 

fr_om ele~trical .... ~--__..... measuring equipment 
discharging ~ <quality control> 

l=base metal 
2= sized base metal 
3= milled product 
4= heat treated product 
5= polished product 
6= finished product 
7= checked product 
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to milling 

to electrical 
discharging 

to quality control 



Description of machine features 

Degree of mechanisation: 

machine degree of predictability capacity of flexibility of 
mechanisation of quality machine machine 

Wire-EDM flexible machine high medium high 
Grinding machine self acting machine medium high low 
Lathe self acting machine medium high low 
EDM flexible machine high medium high 
Milling machine self acting machine medium high low 
NC milling machine flexible machine high medium high 
Saw self acting machine medium high low 
Engraving machine self acting machine medium high low 
Injection moulding self acting machine medium high low 
machine 

Tolerance: 
Tolerances are very important for the products of R&R Precision. They can make products with 
a design tolerance of 0.00254 mm. Due to their very modem machines, they do not have 
problems with respect to tolerances. 

Capacity: 
R&R Precision can produce all types of machine parts, moulds, etc. in a quantity from one to 
1000 or more. Due to the variety of products no exact information about capacity can be given. 

Flexibility: 
The production process of R&R Precision is very flexible. They use several flexible machines for 
their production process and they make a large variety of products. 

Description of raw materials and ready bought parts 
The following table contains a description of the most important raw materials. 

raw materials: 
certified steel, aluminium, carbide, etc. 

5 



3. Enterprise part 

General information 
For a company in Costa Rica, R&R Precision is a very modem company. They have several very 
modem machines such as two wire-EDM's. A lot of their products are exported to a.o. USA, 
Puerto Rico, Mexico and Central American countries. 
They use several numeric controlled machines in combination with a modem CAD/CAM 
computer system which is necessary for the production of high precision products. 
Due to the wide range of products that R&R Precision produces we think that such a company is 
not suitable for the Technology Audit Methodology in its current form. 

Factory 
The factory gave a very tidy impression. The workfloor was very clean and the different 
departments were divided in a logical way. 
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Appendix XI: Picture of examples of products 
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Appendix 4J: Technology Audit INASA 



Technology audit: lndustria Nacional de Acero S.A., Santa Ana, Costa Rica 
Company size: 60 employees 

1. Product 

Product name 
Steel sink unit (see Appendix XII for a drawing of an example of a product). 

Proposed functioning of the product 
The sink unit is designed for installment in a kitchen. 

Usual application mode 
The sink unit is normally used in a kitchen and thus used for all kinds of household activities. 

Usual operating conditions 
The sink unit is usually installed in a kitchen and thus used indoors. 

Classification of product type 
The product is classified under SITC code 812 (Sanitary, plumbing, heating and lighting fixtures and fittings). 

Identification of branch type 
!NASA is active in the ISIC code 381 sector (metal products). 

Identification of market competitors 
International market competitors: 
• Teca (Spain) 

There are a lot of other market competitors all over the world. 

National market competitors: 
There are no other manufacturers of steel sink units in Costa Rica. 

Identification of market leader 
According to !NASA, Teca is the international market leader. 

Product characteristics 
A-functional characteristics: 
1. durability 
2. reliability 
3. safety 
4. maintainability 
5. sensitivity w.r.t. environment 

6. versatility 
7. performance 
8. operational complexity 
9. compatibility 

10. ergonomics 

11. storage capabilities 
B-lnherent characteristics: 
1. construction complexity 

Approx. 20-25 years. 
No information available. 
All sharp edges have been removed and polished. 
No maintenance necessary, except cleaning. 
The materials (stainless steel) used for the sink unit are not very sensitive 
w.r.t. environment (water, grease, etc.). 
Not versatile. 
The performance is high (long lifetime). 
Not applicable. 
The product does not have to be adapted for installment in a different 
environment. 
The product is quite large. The surface is smooth and can be cleaned 
easily. The sink is large enough. 
The product can be stored without problems. 

The product consists of two parts: the sink and the worktop. These are 
welded together. The construction is not complex. 
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11. storage capabilities 
B-lnherent characteristics: 
1. construction complexity 

2. ecological impacts of materials 
3. use ofrare materials 

C-Aesthetic characteristics 
1. look 

2. smell 
3. noise 
4. feel 

The product can be stored without problems. 

The product consists of two parts: the sink and the worktop. 
These are welded together. Therefore, the construction is 
not very complex. 
No important ecological impacts, the steel can be recycled. 
None. 

The product looks good. The worktop has a ribbed surface 
and it has been polished. However, it is still possible to see 
the welding line between the sink and the worktop. 
Not applicable. 
Not applicable. 
The surface feels smooth. 
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2. Production process 

General lay out of the production process 

Galvanizing process 

nail and screw production 
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Nr. Type of machine Nr. Type of machine 
1-4 grinding machine 15 stamping machine (for corners) 

5,6 polishing machine for edges and sink 16 cutting machine (small) 

7 polishing machine for workplate 18-20 lathe 

8 stamping machine for hole in sink 21 milling machine 
9, 17 machine for making grooves 22 grinding machine 

JO final cleaning and polishing 23, 29-32, stamping machine 
35-37 

11 cutting machine (large) 24 bending machine 
12 welding machine (for edges) 25 machine for curtain rails 

13 welding machine (sink to workplate) 26, 33 workbench 
14 deep drawing machine 27, 28, 34 column drill 

The general production process 
The production process of the production of the sink unit consists of several parts Below, the 
several parts of the productions process are described. 

Flow chart of sink production: 

from cutting 

cutting machine 
<cutting steel laminates> 

deep drawing machine 
<pressing sink> 

stamping machine 
<stamping bottom hole> 

1 = steel laminate 
2= sized laminate 
3= sink 
4= sink with hole 

Flow chart ofworkplate production: 

from cutting 

from stamping 

cutting machine 
<cutting steel laminates> 

deep drawing machine 
<pressing workplate> 
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to assembly welding 

to stamping 



from pressing 

from pressing 

from bending 

deep drawing machine 
<pressing hole for sink> 

bending machine 
<bending edges> 

welding machine 
<welding edges together> 

5= steel laminate 
6= sized laminate 
7= laminate with comers 
removed 
8= pressed workplate 
9= workplate with hole for sink 
10= workplate with bended edges 
11 = finished workplate 

Flow chart of sink unit assembly: 

from welding 

welding machine 
<welding sink to workplate> 

grinding machine 
<grinding welding marks> 

polishing machine 
<polishing sink unit> 

manual cleaning 
<cleaning sink unit> 

12= assembled sink unit 
13= grinded sink unit 
14= polished sink unit 
15= finished sink unit 
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to welding edges 

to assembly welding 



Description of machine features 

Degree of mechanisation: 

machine degree of predictability capacity of flexibility of 
mechanisation of quality machine machine 

grinding machine tool or handicraft low low high 
polishing machine tool or handicraft low low high 
polishing machine for self acting machine medium high low 
workplate 
stamping machine self acting machine medium high low 
cutting machine self acting machine medium high low 
welding machine for tool or handicraft low low high 
edges 
welding machine (sink self acting machine medium high low 
to workplate) 
deep drawing machine self acting machine medium high low 
lathe self acting machine medium high low 
milling machine self acting machine medium high low 
grinding machine self acting machine medium high low 
bending machine self acting machine medium high low 
machine for curtain self acting machine medium high low 
rails 
column drill self acting machine medium high low 

Tolerance: 
The parts with important tolerances are made with a deep drawing or stamping machine. The 
accuracy of these machines depends on the dies. There are no problems regarding tolerances. 

Capacity: 
The production capacity for the sinks unit is about 3000 units a month. This is also the maximum 
production capacity for this product. 

Flexibility: 
The production process of Inasa has a low flexibility which is also indicated by the degree of 
mechanisation. The deep drawing machine is an important factor in the production of the sink 
units. Making a different kind of product would involve making a new die which is a very costly 
and time-consuming process. 

Description of raw materials and ready bought parts 
The following tables contains a description of the most important raw materials. 

raw materials: product/production function: 
Stainless steel AISI 430 (0.7xll20x2744)mm raw material for workplate 
Stainless steel AISI 304 raw material for sink 
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3. Enterprise part 

General information 
The sink unit is !NASA's most important product. However, they also produce hinges, screws, 
nails and curtain rails. They are also distributing imported tools such as hammers, pliers, tongs 
and pincers. Like most Costa Rican companies they have their own precision department for 
maintenance purposes and for making dies and moulds. 

Product price 
!NASA produces several types of sink units. The prices of the products vary from US$ 27 to 
US$ 80. 

Factory 
The factory gave a rather tidy impression. Several machines like the curtain rail machine and the 
screw production machine were not in use. Because the sink units are not produced in one part a 
lot of work was needed for polishing as can be seen in the lay out of the production process. One 
sink unit had to be grinded, polished and cleaned in five steps before it was ready for sale. 
Another disadvantage of not producing a sink unit in one part is that the die of the deep drawing 
machine has to be changed trice. !NASA is planning to start producing sink units in one part this 
year. 

Inputs 
!NASA uses two different kinds of steel laminates as input for their production process. At the 
moment when we were visiting !NASA they were producing all parts with one type of steel. 
According to !NASA the reason for this was that they buy their steel from different steel factories 
all over the world and there are a lot of quality differences between these factories. Depending on 
the quality of the steel the sink unit can be produced of one type of steel. 
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Appendix XII: Drawing of product 
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Appendix 4K: Technology Audit Termomecanica 



Technology audit: Termomecanica, S.A., San Jose, Costa Rica 
Company size: 15 employees 

1. Product 

Product name 
Oven for drying painted products (see appendix XIII for a schematic drawing of the product). 

Proposed functioning of the product 
The oven is designed for drying painted products like furniture, bikes etc. The painted products 
can be placed in the drying chamber of the oven on a cart. The oven recirculates the hot air and 
there is an exhaust valve which can be opened at the end of the drying cycle to let the hot gases 
out. 

Usual application mode 
The oven is used for drying all kinds of painted products. 

Usual operating conditions 
The oven is usually installed in a factory. 

Classification of product type 
The product is classified under SITC code 718 (machines for special industries). 

Identification of branch type 
Termomecanica is active in the ISIC code 382 sector (machinery). 

Identification of market competitors 
International market competitors: 
No specific international market competitors were mentioned by Termomecanica but they 
mentioned they have competitors in Mexico, U.S.A and Brazil. 

National market competitors: 
Termomecanica does not have much competition in Costa Rica. There is one other company, 
Isotex, that also produces ovens for drying painted products but, according to Termomecanica, 
they use an inferior technology. 

Identification of market leader 
According to Termomecanica they are the market leader in Costa Rica. 

Product characteristics 
A-fanctional characteristics: 
1. durability 
2. reliability 

3. safety 

4. maintainability 

5. sensitivity w.r.t. environment 

Approx. 15 years. 
No information available. Termomecanica gives a guarantee 
period of one year. 
The doors of the oven are opened with a pneumatic system 
and thus no contact with the hot door is necessary. 
Once a week the bearings of the fans have to be greased. 
Once a year the oven has to be painted. Every two years, 
the isolation of the tubes has to be replaced and the 
combustion chamber has to be cleaned. In general 
maintenance is straightforward. 
The oven is not sensitive w.r.t. the environment. 
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6. versatility 

7. performance 

8. operational complexity 

9. compatibility 

10. ergonomics 

11. storage capabilities 

B-lnherent characteristics: 
1. construction complexity 

2. ecological impacts of materials 
3. use of rare materials 

C-Aesthetic characteristics 
1. look 
2. smell 
3. n01se 

4. feel 

The oven could be used to dry all kinds of products. 
However, the oven is not designed for drying foodstuff 
because the combustion chamber does not have a heat 
exchanger (the gases of the burner are directly used for the 
drying process). 
The drying time is about 20 minutes at a temperature of 200 
°C. The efficiency of the oven is 75%. The oven uses 3-5 
gallons of gas/hour (500.000 BTU). Max. temperature 300 
oc. 
The oven is not complex to operate, the control panel is 
very easy to 
use. The oven can be delivered with carts and a transport 
system for the 
carts. This way, the operation is even less complex because 
the carts do 
not have to be put in the oven by hand. 
The product does not have to be adapted for drying other 
kinds of products (except foodstuff) it is also possible to 
change the drying temperature. 
The control panel is ergonomically designed with the 
buttons in a logical order. 
The product can be stored without losing the performance. 

The oven has a lot of parts but the assembly is very 
straightforward. No complex technologies are used. 
No important ecological impacts, the steel can be recycled. 
None. 

The oven looks sturdy and strong. 
Not applicable. 
No information available, we have not been able to see the 
oven operating. 
Not applicable. 
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2. Production process 

General lay out of the production process 
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Nr. Type of machine Nr. Type of machine 
1 cutting machine 7, 11 workbench & welding machine 

2 pullmax machine 8, 9, 12 workbench 

3, 4 bending machine JO stamping machine 

5 column drill 13, 15 grinding machine 

6 point welding machine 14 bending machine for round shapes 
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The general production process 
The following flow chart describes the production process of the drying oven very generally. 
When we visited Termomecamca, they were not producing an oven and therefore it was a difficult 
to describe the process in more detail. 

Flow chart of oven production: 

from cutting 

from bending 

cutting machine 
<cutting laminates to size> 

bending machine 
<bending laminates> 

welding machine 
<welding oven parts> 

painting machine 
<painting oven> 

1 = steel laminates 
2= sized laminates 
3= bended laminates 
4= other parts to be welded like tubes 
5= welded parts 
6= ceramic material for walls 
7= motors and equipment 
8= isolation material 
9= electrical parts 
10= pneumatic parts for doors 
11 =burner and equipment 
12= assembled oven 
13= finished oven 
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to bending 

to welding 

to assembly 
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Description of machine features 

Degree of mechanisation: 

machine degree of predictability capacity of flexibility of 
mechanisation of quality machine machine 

cutting machine self acting machine medium high low 
pullmax machine self acting machine medium high low 
bending machine self acting machine medium high low 
column drill self acting machine medium high low 
point welding machine self acting machine medium high low 
welding machine self acting machine medium high low 
stamping machine self acting machine medium high low 
grinding machine self acting machine medium high low 
bending machine for self acting machine medium high low 
round shapes 

Tolerance: 
Tolerances are not very important for the oven production. The production consists of a lot of 
sheet metal cutting and bending. According to Termomec:inica they did not have problems with 
tolerances. 

Capacity: 
Termomecanica produces 3-5 ovens every year. They do not make more because there is no 
demand for more ovens. The production time of one oven is about 45 days. We think that the 
maximum capacity is about 10 ovens per year, maybe more when they would concentrate only on 
the production of ovens. 

Flexibility: 
Although the degree of mechanisation indicates a low flexibility, Termomec:inica is rather 
flexible. Apart from ovens, they make a lot of other products. However, they do not have the 
possibility to produce precision parts because they do not have lathes or milling machines. 

Description of raw materials and ready bought parts 
The following tables contains a description of the most important raw materials and ready bought 
parts. 

ready boueht parts: product/production function: 
motors + equipment driving fans 
pneumatic equipment door opening system 
chains cart transportation 
bearings for ventilator shaft 
cog-wheels cart transportation 
burner + equipment (Maxon) heat production 
tubes for oven and carts construction 

raw materials: product/production function: 
steel laminate 0.25 inch outside oven construction 
ceramic material isolation combustion chamber 
galvanised laminate tubes, inside oven 
paint outside oven 
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3. Enterprise part 

General information 
Termomecanica makes a lot of different kinds of products. They are not specialised in one type of 
product. The only products that they produce on a regular basis are ovens and oven equipment. 

Product price 
The average price of an oven is 20.000-25.000 US$, depending on the size. 

Factory 
Termomecanica looks like a big workshop. They use machines that are rather old but these 
machines are functioning well. The back part of the factory gave a very untidy impression. 
However, the rest of the factory gave a rather tidy impression. 
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Appendix XIII: schematic drawing of product 

~ exhaust with valve 

l l r r r l 

l l l di:ying chamber 

combustion fan 
chamber 

7 



Appendix 5: Relation between MIR levels 


