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Appendix 1: SITC-code 





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) 
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Appendix 3: Determination of weighing factors 
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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). 
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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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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 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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