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Executive Summary 

Executive Summary 

The study was carried out on request of Proyecto Lempira Sur (PROLESUR), a project executed by the 
Food and Agriculture Organisation of the United Nations (FAO) and the Honduran government with 
the main goal to facilitate the introduetion of technologies, for the population of Lempira Sur to 
augment the productivity and improve there life standard, reversing the process of destruction of the 
natura! recources. 

In the project region of PROLESUR, the process of drying the coffee is considered probiernatie by the 
producers. At the moment coffee is being dried in open air, on concrete floors (patios). There are 
probierus with the capacity, the drying velocity and weather conditions. In this context PROLESUR is 
interested in a research to the feasibility and acceptability of the use of alternative coffee drying 
technologies in this region. 
Therefore, the aim of this research is the assessment of an appropriate drying technology for the 
drying of coffee by small rural producers in the south ofLempira, Honduras. 

The needed information for this study was obtained by literature study, an experiment with different 
coffee drying techno logies, personal interviews with key-persons and personal (semi-) structured 
interviews among the research population, which are the coffee producing households, with a maximal 
production of 100 Quintal dry parchment per year, in the aldeas covered by the regional office of 
PROLESUR in Santo Tomás (Gualcince, Lempira, Honduras): Santo Tomás, Gualdaya, El Tablón, Las 
Moras, Alondra, Quelepa, V alle Nuevo, Gualcince. 

To perform the study first the international, national and local coffee sector and the Iocal infrastructural 
and geophysical system were described. This led to a list of constraints that was used to select four possible 
appropriate coffee drying technologies: the patio (actually used technology), the zaranda (a metal wire 
netting put on a wooden frame), the Carpa (solar dryer) and the IHCAFE-dryer (solar dryer). Basedon 
the demands ofthe research population the terms ofreference forthese technologies were determined. The 
terms of reference were split into two parts. One part consists of the Technoware, Humanware, Infoware 
and Orgaware (THIO-factors) and the other part ofthe financial factors, both parts including a weighting 
system for the different items. Using these weighed termsof reference the list of selected technologies was 
analysed in order to determine the most appropriate coffee drying technology for small rural producers in 
the South of Lempira, Honduras. 

The main conclusions are the following. The zaranda is a more appropriate coffee drying technology 
than the patio, especially improving financial factors. The Carpa is less appropriate than the patio. The 
IHCAFE-dryer would be an appropriate alternative, and would even be more appropriate than the 
zaranda in case the initia! investments or the financial feasibility (NPV, IRR) could be improved 
slightly, which is a reasonable assumption. There are in fact four possibilities to achieve this: 
improving the avoided loss, the drying of other products than coffee, cheaper materials and use in 
groups. 

Furthermore there are some environmental considerations that should be taken into account. The bad 
infrastructure and the bad price mechanism are the biggest probierus in the region. On top ofthat there 
are the fluctuating (low) international prices, Jack of organisation and the bad (reputation of the) quality 
of the coffee. Furthermore, improving quality (by improving drying technologies) does not yield more 
profit, except in the cooperativas. 
The four technologies contribute equally to the sustainable development ofthe research area. 

Moreover, there are some purely technica! conclusions. The different drying technologies analysed in 
the experiment produce the same quality. A bout the drying paths of the different technologies we find 
that the zaranda dries fastest the first day, and the solar dryers in the following days. This also means it 
would be best to put the washed pulped parchment on a zaranda the first day, and put this zaranda 
inside the solar dryers in the following days. This way we will obtain the fastest drying path. 

Basedon the conclusions the recommendations are the following. It is interesting for the population to 
change the drying technology. lt is more interesting to use the zaranda in stead of the patio, and under 
certain conditions it is even more interesting to use the IHCAFE-dryer. 
So, we firstly advise the population to use the zaranda. This technology is equal to the patio according 
to the THIO factors, but financially much more attractive than the patio. When the zaranda seems to 
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function well, it is interesting to start introducing the IHCAFE-dryer. This technology will be even 
more appropriate than the zaranda if there are made some smal! improvements. It will be a natura! 
process to first introduce the zaranda and later the IHCAFE dryer, in stead of starting with the 
IHCAFE-dryer. This is because the zaranda is a very simple new technology and part of the solar 
drying technology. The zaranda therefore is a good introduetion or preparation for the introduetion of 
the IHCAFE-dryer. 
When introducing the IHCAFE-dryer, it should be found out what the possibilities are for increasing 
the avoided loss, the drying of other products than coffee, cheaper construction materials and use in 
groups. The last aspect will be covered by introducing the new technologies in groups, just to try the 
new technology, but also to try out the use in groups. 

This research led to a list of appropriate coffee drying technologies. In order to give some useful 
recommendations the theoretica! and research framework will be used (see page I3). Based on the 
theoretica! and research framework, we find some steps that have to be run through in order to reach 
the optima! appropriate coffee drying technoiogy and finally to diffuse this technology. These steps are 
Test of proto-type, Corrections/modifications, Feedback, Evaluation (in order to choose the optima! 
appropriate technology) and finally the Diffusion. Based on these steps the following scheme is formed 
that will be explained in the next sections. 

Technology Nr. Step Who?* Year month Casts 
.. 

(L) 
Zaranda I testing of proto-type 1/P oct-feb 3,360 

2 corrections and modifications p nov-feb 3,200 
3 feedback p feb-sept 800 
4 evaluation p feb-sept 200 

IHCAFE-dryer 5 testing of proto-type 
6 corrections and modifications 

I+P 
I+P 

2,3,4 
2,3,4 
2,3,4 

whole season 
24,040 

whole season 
7 feedback I+P nov-aug 600 
8 evaluation p sept 200 
9 planning p sept-oct 400 
10 diffusion I+P 

4 
4 

5-15 p.m. 

I 0% incidental 3,280 
Total casts 36,080 

*p = PROLESUR, I= IHCAFE 
"spccitications ofthe casts are given in Table 30 on page 81 

1. Testing of proto-type zaranda 
The preparation should start in october by giving training in building a zaranda. This can be done by 
the local office of IHCAFE in Gualcince or by the staff of PROLESUR in Santa Tomás. Within each of 
the aldeas covered by the office of PROLESUR in Santa Tomás, PROLESUR should provide financial 
means to build two zarandas for demonstration and training. 
The drawings of a zaranda can be provided by IHCAFE. The materials (wood and metal wire netting) 
can be bought in Candelaria. Fora detailed list ofmaterials needed, see Appendix 19. 
One zaranda of 2 m2 costs 160 L (see Table 23, page 67). Building and training will cost one Iabour 
day of PROLESUR or IHCAFE (for two zarandas). This makesabout IOO L Iabour costs per aldea. 1 

The total costs for eight aldeas will become 8 * (100 + 2*I60) = 3360 L. 

2. Corrections and modifications zaranda 
During the harvest season (from november/december until january/february) the zaranda will be used 
in each aldea by the participating producers. The staff of PROLESUR should monitor the use and 
maintenance of the zaranda in the different aldeas. Furthermore, they should meet regularly with the 
participating producers to discuss problems and suggest corrections and modifications. 
Costs will be confined by Iabour costs of PROLESUR employees. One a day per month for all eight 
aideas, during the four harvest months (nov- dec), makes 8 * 4 * I 00 = 3200 L. 

1 Assume employees ofPROLESUR eam 2000 L per month, 20 working days; this makes 100 La day. 
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3. Feedback zaranda 
After the harvest season the terms of reference should be analysed again. Th is can be done by using a 
shortcut In each aldea an interview with the questionnaire used in this research to determine the terms 
of reference (see Appendix 6 and Appendix 7) should be conducted with one participating producer. If 
their seem to appear differences with the original termsof reference, these should be analysed further. 
Costs wil! be confined by Iabour costs of PROLESUR employees. One a day for each aldea wil! be 
sufficient Th is makes 8 * I 00 = 800 L. 

4. Evaluation zaranda 
Step 1, 2 and 3 may be repeated if necessary. We expect however that one season wil! be sufficient 
(because the zaranda is a very simple technology). The evaluation of the feedback in step 3 results in 
the decision whether the IHCAFE-dryer still is an appropriate alternative which has sufficient potential 
to bec01ne more appropriate than the zaranda and the patio. If so, continue with step 5. 
Costs will be confined by Iabour costs of PROLESUR employees. lf no repetition of step I, 2 and 3 is 
necessary, this evaluation is just office work which could be done in two days. Th is makes 2 * 100 = 
200 L. 

5. and 6. Testing, corrections and modification of proto-type IHCAFE-dryer 
The preparatien should start in october by giving training in building the IHCAFE-dryer. 1t will be best 
that both the staff of the local office of IHCAFE in Gualcince and the staff of PROLESUR in Santa 
Tomás cooperate in this part. For both organisations it is interesting to learn more about the new 
technology. 
Because the solar dryer is more expensive than the zaranda and probably requires several seasons of 
testing and feedback, we recommend to build only two solar dryers initially, within two different aldeas 
covered by the office of PROLESUR in Santa Tomás. PROLESUR should provide financial means to 
build a solar dryer for demonstratien and training. One small dryer of 4 m2 costs 780 L (see Table 23, 
page 67). Building and training wil! cost two Iabour days per dryer. These costs are made just one time. 
As we wil! see in step 8, step 5 and 6 will have to be repeated 3 years. Therefore we have to take into 
account the maintenance costs of 20 L per m2 per year (see Appendix 17). Th is makes 3 * 8*20 = 480L. 
The drawings of the solar dryer can be provided by IHCAFE. The materials (wood, plastic and metal 
wire netting) can be bought in Candelaria. Fora detailed list ofmaterials needed, see Appendix 19. 

To analyse the possibility to use the dryer in groups, we recommend to let one of the dryers be used 
by a smalt group of about 4 or 5 producers (e.g. alocal group of PROLESUR, preferably with family or 
villagers, see question 56, page 50), and the other dryer just by one producer. 
To analyse if it is possible to use cheaper materials, we recommend to build the two dryers of 
different materials. One ofthem with normal wood, the other one with bamboo, which is financially an 
attractive alternative. lnformation about building dryers with bamboo can be found in A survey of so/ar 
agricultural dryers (Brace Research lnstitute, 1975). 
For the u se in groups and the of cheaper materia Is, we found in Chapter 6 that for I 0% reduction of the 
initia! in vestment costs the solar dryer would be more attractive than the zaranda. 

Furthermore, special attention should be paid to the avoided loss. lt is very interesting for the financial 
feasibility to know more exactly what these avoided Iosses are. We found in Chapter 6 that for an 
avoided toss of 7% in stead of 4% the solar dryer would be financially feasible compared to the 
zaranda. Th is research will cost 2 days Iabour costs each month during the harvest, this makes 2*4* 100 
= 800 L each year. 
After the harvest we recommend to try to dry fruits (mango, orange, time, banana, pineapple), because 
in the former chapter was stated too that the possibilities to dry other products with the dryer should be 
analysed. The seasons for these fruits vary form march to august and do not interfere with the coffee 
harvest Attention should be paid to technica! aspects as wel! as socio-economie aspects. A market 
study should be perfonned in order to find out what kind of fruits are most interesting and what the 
yields are. Among the population of coffee producers should be analysed whether they are interested in 
drying fruits with commercial ends and if it is technically possible ( climate, area needed, kind of soil 
needed for the fruits). More information about the drying of fruits can be found in Secadores Solares 
para Fruta (Jnstituto Centroamericano de Investigacion y Technologia lndustrial (JCAITI), 1989). As 
we saw in paragraph 1.2, this study states that smal! mode Is of sol ar dryers for dornestic drying of fruits 
are technically feasible. 
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As we have seen in Chapter 6, fora solar dryer for 32 Quintal (34 m2
, see Table 23, page 67), the net 

cash flow for one season should rise 816 L in order to reach the proper NPV and IRR. This means the 
extra net cash flow generated by drying fruits should beat least 816/34 = 24 L per m2 of solar dryer. 
The drying of fruits will be a complete study. One staff member will need half of his time for half a 
year. With a salary of 2000 L per month this makes 0.5* 6 * 2000 = 6000 L each year. Furthermore 
some raw materials (fresh fruits) should be bought forabout 400 L each year. 

In the table below we summarised the different possibilities to improve the solar dryer and the norms 
that should be met to make the possibilities feasible. lt should be taken into account that these norms 
are absolute, this means that just one of them would be sufticient to make the IHCAFE-dryer more 
appropriate than the zaranda. So, combinations like e.g. 5% reduction of initia! investment by use in 
groups and 5% by cheaper materials are feasible, too. 

Possibilities to imprave the JHCAFE-dryer and the norms that should be met (step 5 and 6) 

Possibility for impravement 
-use dryer in groups 
-cheaper materials 
-avoided losses 
-dry fruits 
Source: text above 

Norm 
at least 10% reduction of initia! in vestment costs 
at least I 0% reduction of initia! in vestment costs 
increase of 4% to at least 7% 
generate at least 24L extra net cash flow per m2 of dryer 

So, during the harvest season (from november/december until january/february) the two solar dryers 
wil I be used to dry coffee by the producers cited above. After the harvest the dryers will be used to dry 
fruits. The staff of PROLESUR and IHCAFE should monitor the use and maintenance of the solar 
dryers in the two sites. Furthermore, they should meet regularly with the participating producers to 
discuss problems and suggest corrections and modifications. 

7. Feedback IHCAFE-dryer 
After the harvest season ofthe fruits, the terms ofreference should be analysed again. This can be done 
by using a shortcut At the two sites an interview with the questionnaire used in this research to 
determine the terms of reference (see Appendix 6 and Appendix 7) should be conducted with one 
participating producer. If their seem to appear differences with the original terms of reference, these 
should be analysed further. 
Costs wilt be confined by Iabour costs of PROLESUR employees. One a day for each aldea will be 
sufficient. This makes 2 * 100 = 200 L each year. 

8. Evaluation 
Step 5, 6 and 7 may be repeated if necessary. We expect that two or three seasons wilt be sufficient. 
The evaluation of the feedback in step 7 results in the decision whether the IHCAFE-dryer is more 
appropriate than the zaranda and the patio or not. This is also the moment to conetude which of the 
different technologies is the optima! appropriate coffee drying technology for the research population. 
Th is evaluation should be done in september in order to be ready before the new harvest season. 
The costs of step 8 will be confined by Iabour costs of PROLESUR employees. Th is evaluation is just 
office work that could be done in two days. This makes 2 * 100 = 200 L. 

9. Planning 
In the previous step the optima! appropriate coffee drying technology is chosen. With that know1edge a 
plan can be written for the diffusion ofthe optima! appropriate technology. 
A few things should be taken into consideration when writing a plan for diffusion. At first we look 
back a ga in at the theoretica! and research framework on page 13. We can see that the variables 
international, national and local eajfee sector and the local infrastructural and geophysical ~ystem are not 
surrounded by borders in the model. Th is means that in theory they influence all the steps in the model, a1so 
the last one, the diffusion. So, according to our research model we have to consider these variables when 
planning the diffusion. We can find these variables in the conclusions of Chapter 3. The most important 
items are repeated here: 

the market suffers from fluctuating (low) international prices and locally the intermediarios 
have a monopoly in determining prices, they determine their own prices which are lower than 
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the prices in accessible areas; this means the producers should be carefut with huge 
investments, because their iocome is very insecure. 
the producers have a low level of organisation and low confidence in their own power to solve 
communal problems; we have seen however that drying in groups might decrease the costs 
and therefore drying in groups should be promoted, starting with groups of about 5 producers 
(preferably family and villagers); PROLESUR should continue assisting any form of 
organisation that actually exists, as they are doing now. 
actually a bad quality of coffee while improving quality does not yield more profit, except in 
the cooperativas; which means stimulating producing in cooperativas will increase profit of 
the local producers; However, we have seen in the previous item that organisation is still a 
difficult item. So, first small organisations (about 5 producers) should be promoted with the 
fin al goal to produce in large cooperativas (with 100 or 200 producers). 
locally there is a bad road network and for most householcts (90%) the only means of 
transportation is by foot or anima!; this means the drying technology should be near the 
beneficia (site for peeling and washing the beans). Especially when the drying in groups 
works out well, this will be a problem to be encountered: where do we place the increased 
drying unit? 

Furthermore, the following should be taken into consideration when planning the diffusion of the 
optima! drying technology. A very important aspect of the process of diffusion is the adoption of the 
technology by the potential users. According to Rogers ( 1983, pp.242-247), the adoption of an 
innovation is a process that occurs in different stages. First a small group, the innovators (2.5%), will 
adopt the innovation, aftersome time a slightly bigger group wilt follow, the early adapters (13.5%), 
later on wilt follow the early majority (34%), then the late majority (34%) and finally the laggards 
( 16%). Rogers does not give an indication for the periods between the different stages because this 
depends on the type of innovation. We will assume that every group needs two seasons, which means 
that in case of a successful diffusion, the whole process will take about ten years. lt also means that 
when the diffusion is still small after four years, this does not mean the diffusion wilt fait, the huge 
diffusion will take place between four and eight years after the first introduction. 

The costs of step 9, the writing of the diffusion plan, will be confined by Iabour costs of PROLESUR 
employees. Th is planning is just office work which could be done in four days. Th is makes 4 * 100 = 
400 L. 
We advise to discuss the plan with different parties, especially the producers, IHCAFE and the existing 
cooperativa in Gualcinse (COSAGUAL). 

I 0. Diffusion 
The whole processof diffusion will take about ten years, as we saw in step 9. The processof diffusion 
should be directed and monitored by PROLESUR (experience in diffusion of technologies) and 
IHCAFE (experience in coffee drying techno logies). The costs of the diffusion cannot be estimated at 
this moment. 

The costs of all steps are specified in Table 30, page 81. 
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Resumen Ejecutivo 

Este estudio está realizado en solicitud del Proyecto Lempira Sur (PROLESUR), un proyecto ejecutado 
por la Organización de la Naciones Unidas para la Alimentación y la Agricultura (FAO) y el gobiemo 
de Honduras con el objetivo general de facilitar la introducción de tecnologias, para que la población 
del sur de Lempira pueda aumentar la productividad y mejorar su nivel de vida, volviendo el proceso 
de destrucción de sus recursos naturales. 

En la zona del proyecto PROLESUR, el proceso de secar está considerado problemático por los 
productores. En este momento se seca el café al aire libre, en patios. Hay problemas con la capacidad, 
la velocidad del secado y las condiciones del tiempo. En este contexto PROLESUR está interesado en 
una investigación de la factibilidad y la aceptabilidad del uso de teenoioglas altemativas para secar café 
en esta zona. 
Por lo tanto, el objetivo de esta investigación es la selección de una tecnologia apropiada para el 
secado de café por productores rurales de pequefia escala en el sur de Lempira, Honduras. 

La inforrnación neeesaria por este estudio fue obtenida por estudio de literatura, un experimento con 
diferentes teenoioglas para secar café, entrevistas persanales con personas claves y entrevistas 
persanales (semi-)estructuradas entre la población de la investigación. La población de la investigación 
son las familias productores de café, con una producción maximal de 100 Quintales de pergamino seco 
por afio, en las aldeas ahareadas por la oficina regional de PROLESUR en Santo Tomás (Gualcinse, 
Lempira, Honduras): Santo Tomás, Gualdaya, El Tablón, Las Moras, Alondra, Quelepa, Valle Nuevo, 
Gualcince. 

Para cumplir este estudio primero el sector de café internacional, nacional y local y el sistema 
infrastructural y geofisico fueron descritos. Esto ha llevado a una lista de restricciones que se habia usado 
para seleccionar cuatro teenoioglas posiblemente aprapiadas para secar café: el patio (la tecnologia 
actualmente usada), la zaranda (arrnazón de madera con zaranda metálica), la Carpa (secador solar) y el 
secador de IHCAFE (secador solar). Basado en las demandas de la población el encargo (terms of 
reference) para estas teenoioglas se deterrninó. El encargo está dividido en dos partes. La primera consiste 
de Technoware, Humanware, Infoware y Orgaware (THIO-factores) y la otra consiste de los factores 
financieros; las dos partes incluyen un sistema para pesar los diferentes aspectos. Por medio de este encargo 
comparativo las cuatro teenoioglas fueron analisadas para determinar la más apropiada para los productores 
en Lempira. 

Las conclusiones principales son las siguientes. La zaranda es una tecnologia más apropiada que el 
patio para secar café, especialmente mejorando los factores financieros. La Carpa es menos apropiada 
que el patio. El secador de IHCAFE seria una alternativa apropiada. Y seria más apropiada que la 
zaranda en caso las inversiones iniciales o la factibilidad económica pudiera mejorarse un tanto (es una 
suposición razonable). Hay cuatro posibilidades para alcanzar esto: mejorar las perdidas evitadas, secar 
otros productos que café, materiales más baratos y uso en grupo. 

Además hay algunas consideraciones ambientales que se tuvieran en cuenta. La mala infraestructura y 
el mal mecanismo de precios son los problemas más grandes en la zona. Además los precios (bajos) 
internacionales fluctuan, no hay organización y la calidad del café es mala. Por lo demás, mejorar la 
calidad no da mejor rendimiento, excepto en las cooperativas. 
Las cuatro teenoioglas analizadas contribuyen igualmente al desarrollo sostenible de la zona de la 
investigación. 

Aparte de eso hay algunas conclusiones puramente técnicas. Las teenoioglas analizadas en el 
experimento producen la misma calidad. La zaranda seca lo más rápido el primer dia, los secadores 
solares secan más rápido los dias siguientes. Eso significa que la combinación de una zaranda y un 
secador solar es la mejor para la velocidad: el primer dia poner el pergamino en la zaranda y después 
poner la zaranda dentro del secador solar. 

Basandonos en las conclusiones se llega a las siguientes recomendaciones. Es interesante para la 
población cambiar la tecnologia de secar. Es más interesante usar la zaranda en vez del patio, y en 
ciertas condiciones es atm más interesante usarel secador de IHCAFE. 
Entonces, primeramente se recomenda usar la zaranda. Esta tecnologia es igual al patio segûn los 
THIO-factores, pero económicamente más atractiva que el patio. En caso la zaranda funcione bien, 
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seria interesante introducir el secador de IHCAFE. Esta tecnologia seria más apropiada que la zaranda 
si se hace algunos mejoramientos pequefios. Será un proceso natura! introducir primeramente la 
zaranda y depués el secador de IHCAFE en vez de empezar con el secador de IHCAFE, porque la 
zaranda es una tecnologia simple y nueva y parte del secador. Por lo tanto la zaranda será una buena 
introducción o preparación para la introducción del secador de IHCAFE. 
Cuando se introduce el secador de IHCAFE, se necesita descubrir las posibilidades para mejorar la 
cantidad de perdidas evitadas, el secado de otros productos como frutas, materiales de construcción 
más económicos y uso en grupos. 

Esta investigación ha llevado a una lista de teenoioglas aprapiadas para secar café. A fin de dar algunas 
recomendaciones utiles se usa el plan teórico (ver página I3). Basado en este plan, se llega a algunos 
pasos que se necesitan para llegar a la tecnologia más apropiada para secar café y finalmente a difundir 
esta tecnologia. 
Estos pasos son Probar el prototipo, Correcciones/modificaciones, Feedback, Evaluación (para elegir 
la tecnologia más apropiada) y finalmente la Difusión. Basado en estos pasos se ha formado la 
siguiente esquema que se explicará en las secciones que vienen. 

Tecnologfa Nr. Paso Quien?' Ano Mes Costos 
.. 

(L) 
Zaranda probar el prototipo liP oct-feb 3,360 

2 correcciones y modificaciones p nov-feb 3,200 
" feedback p .) 1 feb-sept 800 
4 evaluación p feb-sept 200 

secador IHCAFE 5 probar el prototipo 
6 correcciones y modificaciones 

I+P 
I+P 

I 
2,3,4 
2,3,4 
2,3,4 

todo el afio 
24,040 

todo el afio 
7 feedback I+P 
8 evaluación p 

9 planificación p 

10 difusión I+P 

4 
4 

5-I5 

nov-ago 
sept 

sept-oct 

I 0% incidental 

600 
200 
400 

p.m. 

3,280 
Costos totales 36,080 

'p = PROLESUR, I = IHCAPE 
"speci1icaciones de los costos se encuentra en Tabla 30, página 79 

1. Probar el prototipo de la zaranda 
Se necesita empezar la preparación en octubre con dar capacitaciónes en construir zarandas. Esto puede 
hacer el personal de IHCAFE en Gualcinse o el personal de PROLESUR en Santo Tomás. En cada 
aldea cubierta por PROLESUR en Santo Tomás, PROLESUR tiene que facilitar los recursos 
financieros para construir dos zarandas para demonstración y capacitación. 
IHCAFE puede facilitar los dibujos de la zaranda. Los materiales de la zaranda se puede comprar en 
Candelaria. Para una lista de materiales necesarios, ve Appendix 19. 
Una zaranda de 2 m2 cuesta 160 L (see Tabla 23, página 67). Construcción y capacitación cuesta (m 

jornal de PROLESUR ode IHCAFE (para dos zarandas). Eso hace mas o menos 100 L de costos de 
labor por aldea. Los costos totales para 8 aldeas salen a 8 * (I 00 + 2* 160) = 3360 L. 

2. Correcciones y modificaciones de la zaranda 
Durante la cosecha (de noviembre hasta febrero) la zaranda está usada en cada aldea por los 
productores participando. El personal de PROLESUR tiene que vigilar el uso y mantenimiento de la 
zaranda en las diferentes aldeas. Además tiene que reunirse regularmente con los productores 
participando para discutir los problemas y proponer correcciones y modificaciones. 
Los costos se limitan a los costos de labor de PROLESUR. Ûn dia por mes para las ocho aldeas, 
durante los cuatro mese de Ia cosecha, sale a 8 * 4 * 100 = 3200 L. 

3. Feedback zaranda 
Después de la cosecha se debe analisar el encargo nuevamente. Eso se hace por mediodeun shortcut. 
En cada aldea se conduce una entrevista con un productor participando. Se usa el cuestionario usado en 
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esta investigación para determinar el encargo (ve Appendix 6 y 7). En caso que hayan diferencias con 
el encargo original, se debe analisarlas más. 
Los costos se limitan a los costos de laborde PROLESUR. Ûn dia para las ocho aldeas será suficiente. 
Eso sale a 8 * 100 = 800 L. 

4. Evaluación zaranda 
Se pueda repetir paso 1, 2 y 3 si es necesario. Probablemente solamente una temporada será suficiente 
(porque la zaranda es una tecnologia simpte). La evaluación del feedback en paso 3 resulta en la 
decisión si el secador de IHCAFE todavia es una tecnologia apropiada con suficiente potencial para 
llegar a ser más apropiada que la zaranda y el patio. En este caso, continua con paso 5. 
Los costos se limitan a los costos de laborde PROLESUR. Si no hay repetición depaso 1, 2 y 3, esta 
evaluación solamente existe de trabajo de oficina que se puede hacer en dos dias. Esto sale a 2 * 100 = 
200 L. 

5. and 6. Probar, correcciones y modificaciones del prototipo del secador de IHCAFE 
La preparación necesita comenzar en octubre con la capacitación en construir el secador de IHCAFE. 
Preferentemeute tanto el personal de IHCAFE en Gualcinse como el de PROLESUR en Santo Tomás 
colaboran en esta parte. Para las dos organizaciones será interesante aprender más sobre la tecnologia 
nu eva. 
Porque el secador solar es más caro que la zaranda y probablemente require algunos afios de probar y 
feedback, recomendamos construir solamente dos secadores solares inicialmente, en dos aldeas 
diferentes ahareadas por la oficina de PROLESURen Santo Tomás. PROLESUR tiene que facilitar los 
recursos económicos para construir los secadores solares para demonstración y capacitación. Un 
secador pequefio de 4 m2 cuesta 780 L (ver Tabla 23, página 67). La construcción y capacitación cuesta 
dos jornales por secador. Es tos costos se pa ga solamente una vez. Podemos ver en paso 8 que pasos 5 y 
6 se necesitan repetirse 3 afios. Por lo tanto se necesita tornar en cuenta los costos del mantenimiento de 
20 L per m2 por afio (ver Appendix 17). Eso sale a 3*8*20 = 480L. 
IHCAFE puede facilitar los dibujos del secador solar. Los materiales (madera, plástico y zaranda) se 
puede comprar en Candelaria. Para una lista de materiales necesarios, ve Appendix 19. 

Para anallisar la posibilidad de usar el secador en grupo, recomendamos que se use un secador en un 
grupo de 4 o 5 personas (por ejemplo un grupo local de PROLESUR), y el otro individual. 
Para analisar si es posible usar materiales más baratos, recomendamos construir los dos secadores de 
materiales diferentes. Uno se puedo construir de madera normal, el otro de bambu, que es 
financieramente una alternativa atractiva. Información sobre construcción con bambu se puede 
encontrar en A survey of solar agricultural dryers (Brace Research lnstitute, 1975). 
Para el uso en grupo y el uso de materiales más baratos, hemos visto en capftulo 6 que una reducción 
de I 0% de las inversiones iniciales hace el secador más atractivo que la zaranda 

Además se necesita concentrar en las perdidas evitadas. Es interesante saber mejor cuelas son las 
perdidas evitadas exactamente. Hemos visto en capitulo 6 que una perdida evitada de 7% en vez de 4% 
hace el secador más atractiva financieramente que la zaranda. Esta investigación costará 2 jornales cada 
mes durante la cosecha, eso sale a 2*4 * 100 = 800 L cada afio. 
Recomendamos secar frutas después de la cossecha (mango, naranja, limón, banana, platano, pifia), 
porque en el capitulo anterior hemos visto que es interesante analisar las posibilidades de secar otros 
productos en el secador. Las temporadas de estas frutas varian de marzo hasta agosto y no intertieren 
con la cosecha del café. Se necesita concentrar tanto en los aspectos técnicos como en los aspectos 
socio-económicos. Se puede ejecutar un estudio de mercado para que se sepa qué tipo de frutas son más 
interesantes y para que se sepa el rendimiento. Se necesita analisar entre la población si hay interés para 
secar secar frutas comercialmente y si es posible técnicamente (clima, área necesario, suelo neeesario 
para las frutas). Más información sobre el secado de frutas se puede encontrar en Secadores Solares 
para Fruta (Instituto Centroamericano de lnvestigacion y Technologia Industrial (ICAITI), 1989). 
Hemos visto en párrafo 1.2 que ese estudio dice que modelos pequefios del secador solar son factibles 
técnicamente para el uso doméstico. 
Como hemos visto en capitulo 6, para un secador de 32 Quintales (34m2

, ver Tabla 23, página 65), el 
net cash flow de u na temporada debe subir 816L para que llegue el NP V y I RR correcto. Eso significa 
el net cash flow adicional generado por el secado de frutas debe ser al men os 816/34= 24L por m2 del 
secador solar por afio. 
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El secado de frutas require un estudio completo. U na persona necesita la mitad de su tiempo por medio 
afio para cumplirlo. Con un salario de 2000 L por mes eso sale a 0.5* 6 * 2000 = 6000 L cada afio. 
Además se necesita algunas frutas frescas para probar, eso sale a 400L cada afio. 

En la tabla abaja, se puede ver el resumen de las diferentes posibilidades para mejorar el secador solar 
y las normas que se necesita cumplir para que las posibilidades sean factibles. Se debe tornar en cuento 
que las normas son absolutas, o sea, solamente una de ellas seria suficiente para hacer el secador de 
IHCAFE más apropiado que la zaranda. Entonces, combinaciones como por ejemplo 5% de reducción 
de las inversiones iniciales por el uso en grupo y 5% por materiales más baratos son factibles también. 

Posibilidades para mejorar el secador de IHCAFE y las normas 

Posibilidades para mejorar 
-uso del secador en grupo 
-materiales más baratos 
-perdidas evitadas 
-secar frutas 
Fuenle. texto arriba 

Normas 
al men os 10% de reducciones de las inversiones iniciales 
al men os 10% de reducciones de las inversiones in i ciales 
aumentar de 4% hasta al menos 7% 
generaral menos 24L de net cashflow adicional por m2 del secador 

Entonces, durante la cosecha (de noviembre hasta febrero) los productores usan los dos secadores 
solares para secar café. Después de la cosecha se usa los secadores para secar frutas. El personal de 
PROLESUR y IHCAFE debe contralar el uso y mantenimiento de los dos secadores solares. Además 
se necesita discutir regularmente con los productores sobre los problemas y sugerir correcciones y 
modificaciones. 

7. Feedback secador de IHCAFE 
Después de la cosecha de frutas, se necesita analisar el encargo nuevamente. Eso se puede hacer por 
medio de un shortcut. En los dos solares se conduce una entrevista con un productor participando. Se 
usa el cuestionario usadoen esta investigación para determinar el encargo (ve Appendix 6 y 7). En caso 
que hayan diferencias con el encargo original, se debe analisarlas más. 
Los costos se limitan a los costos de labor de PROLESUR. Ûn dia para los dos secadores será 
suficiente. Eso sale a 2 * I 00 = 200 L cada afio. 

8. Evaluación 
Se pueda repetir paso 5, 6 y 7 si es necesario. Probablemente solamente dos o trés temporadas serian 
suficientes. La evaluación del feedback en paso 7 resulta en la decisión si el secador de IHCAFE es 
más apropiado que la zaranda y el patio. Ahora se debe concluir también cual de las diferentes 
teenoioglas es la más apropiada de todas para Ia población de la investigción. Esta evaluación se hace 
en septiembre para que sea Iista antes de Ia coseacha nueva. 
Los costos de paso 8 se limitan a los costos de laborde PROLESUR. Esta evaluación solamente existe 
de trabajo de oficina que se puede hacer en dos di as. Esto sa ie a 2 * 100 = 200 L. 

9. Planificación 
En el paso anterior está escogida Ia tecnologia más apropiada para secar café. Con este saber se puede 
escribir una planificación para la difusión de la tecnologia más apropiada. 
Se debe tomar en cuento algunas cosas cuando se escribe esa planificación. Primeramente miramos 
atrás al modelo teórico en página 13. Podemos ver que las variables sector de café internacional. 
nacional y local y el sistema infrastructurallocal y geofisico no tienen limites en el modelo. Eso significa 
que teóricamente influyen todos pasos en el modelo, también el paso ultimo, la difusión. Entonces segun el 
modelo tenemos que considerar estas variables cuando estamos planificando Ia difusión. Se puede 
encontrar esas variables en las conclusiones del capitulo 3. Se repite los aspectos más importantes aqui: 

el mercado sufre de que los precios internacional fluctuan bastante y de que los intermediarios 
tienen un monopolio en la determinación de los precios, ellos determinan sus precios más 
bajos que los precios en las áreas más accesibles; eso significa que los productores tienen que 
cuidarse porno invertir tanto en nuevas tecnologias, porque sus ingresos están inseguros. 
los productores tienen bajo nivel de organización y poco confianza en su poder de resolver 
problemas comunales; hemos vistoque el secado en grupo puede disminuir los costos y por Jo 
tanto se debe promover secar en grupo, empezando con grupos de más o menos 5 productores 
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(preferentemente vecinos y familia); PROLESUR tiene que continuar asistir cada forma de 
organización que exciste ahora. 
actualmente el café tiene mala calidad y mejorar la calidad no da más rendimiento, excepto en 
las cooparativas; eso significa que estimular producir en cooperativas aumentará el 
rendimiento de los productores; sin embargo hemos visto arriba que la organización todavia es 
una cosa dificil. Entonces, primeramente se debe promover organizaciones pequefias (más o 
menos de 5 productores) y luego organizaciones en cooperativas (de 100 o 200 productores). 
localmente hay mala infraestructura y la mayoria de las familias no tiene transporte; eso 
sifnifica que la tecnologia debe estar cerca del beneficio. Especialmente cuando se vayan a 
secar en grupo eso será un problema que se debe encontrar: dónde colocamos el secador? 

Además se debe tomar en cuento lo siguente cuando se planifica la difusión de la tecnologia más 
apropiada. Un aspecto muy importante del proceso de difusión es la adapción de la tecnologia. Segun 
Rogers (1983, pp.242-247), la adopción de una innovación occure en diferentes etapas. Primeramente 
un grupo pequefio, los innavadares (2.5%), adoptará la innovación, luego un grupo pocito más grande, 
los adaptares tempranas (I3.5%), luego la mayaria temprana (34%), luego la mayaria tarde (34%) y 
finalmente los rezagadas ( 16% ). Rogers no da indicación para los perioclos entre las etapas diferentes 
porque eso depende del tipo de la innovación. Se supone que todo grupo necesita dos afios en este caso. 
Eso significa que en caso de u na difusión afortunada el proceso dura I 0 afios en total. También 
significa que cuando la difusión a(m es pequefia después cuatro afios no significa la difución fallará. La 
difusión grande occurirá entre 4 y 8 afios después de la primer introducción. 

Los costos de paso 9 se limitan a los costos de labor de PROLESUR. Esta planificación solamente 
existe de trabajo de oficina que se puede hacer en cuatro di as. Esto sale a 4 * I 00 = 400 L. 
Recomendamos discutir la planificación con diferentes partidas, especialmente los productores, 
IHCAFE y la cooperativa en Gualcinse (COSAGUAL). 

I 0. Difusión 
El proceso completo de difusión durará más o menos diez afios, como hemos visto en paso 9. El 
proceso de difusión debe ser dirigido y controlado por PROLESUR (por su experiencia en difusión de 
tecnologias) y por IHCAFE (por su experiencia en el secado de café). Ahora no se puede estimar los 
costos de la difusión. 

Se puede ver la especificación de los costos de todos pasos en Tabla 30, página 8 I. 
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Chapter 0 Introduetion 

0 Introduetion 

0.1 The assignment 
The southem part of the province Lempira in Honduras is situated near the border with El Salvador. 
The area counts about 110,000 inhabitants and is classified as the poorest region of Honduras. The 
region is isolated from the rest of Honduras by a range of mountains and historically the region has 
strong relations with El Slavador. This is why Lempira Sur is more or less forgotten by the Honduran 
goverment. On top of that there is only one badly maintained 'road', no public transport, no modem 
energy sources, no telephone and no access to national media. The socio-economie indicators even 
intesify this poor picture. Furthermore, the agricultural production is very inefficient and the 
organisational capacity of the villages are low. (Hacia un desarro/la sostenible en las laderas del Sur 
de Lempira, Proyecto Lempira Sur) 

Lempira Sur is a very remote agricultural area which produces lots of different crops and foodstuffs. In 
the higher regions the coffee production appears more and more. However, as said before, the region 
has a far from decent infrastructure. This makes the big market places in surrounding towns difficult to 
attain. Therefore, the coffee producers are forced to dry their coffee completely, to prevent the coffee 
from ruining before the producers can sell it. The process of drying the coffee is considered 
probiernatie by the producers. At the moment coffee is being dried in open air, on concrete floors 
(patios). There are probierus with the capacity, the drying velocity and weather conditions. 

There is a large range of alternative drying technologies, from a wire netting put on a wooden frame 
(zaranda) to large industrial dryers. An interesting technology in this range is the solar drying 
technology. It might provide a salution tosome ofthe probierus mentioned above and is more effective 
than traditional sun drying, laying the coffee in the sun without any specific equipment to improve the 
drying conditions. The most simple solar dryers are built with low-costs materials and still perform 
quite wel!. Promoting solar drying can be, under certain conditions, a means of economie development 
in very isolated areas. In Costa Rica (but also Brazil, Colombia, Guatemala and Nicaragua) have been 
conducted some proruising experiments with this kind of dryers. (Mesoamerican Development 
lnstitute, 1995) and (Pineda, IHCAFE, 1998) These projects highlighted the technica! aspects, but little 
attention was paid to socio-economie aspects and to technology transfer to other regions. 

In this context, PROLESUR is interested in a research to the feasibility and acceptability of the use of 
alternative coffee drying technologies in the South of Lempira. They are also interested in the 
conditions to introduce alternative drying technologies successfully. 
Different aspects should be assessed: the advantages and disadvantages of the existing methods of 
drying; the availability of solar energy in the different seasons and areas; the costs and the financial 
viability of alternative drying techno logies; the acceptation by the population. Furthermore there should 
be done some experiments with different types of drying technologies to demonstrate its feasibility in 
practice and to find the adaptations which are necessary. At last there should be given some 
recommendations for a strategy to introduce a possible alternative drying technology in Lempira Sur. 

The original assignment as proposed by PROLESUR was aimed at drying technologies for fruits and 
vegetab les. During the first one and a half month of the research in Honduras, this original assignment 
was converted towards the drying of coffee because of the interest of the research population. The 
elaboration into the final assignment can be found in Appendix 10. 

0.2 Organisation 

PROLESUR 
In the context of the poor conditions of the region as described above, 'Proyecto Lempira Sur' 
(PROLESUR) was started on demand of the government of Honduras. The Food and Agriculture 
Organisation of the United Nations (FAO) initiated the project in 1995 and executes it with help of the 
'Secretaria de Agricultura y Ganaderia' (secretary of agriculture and cattle-breeding) of the Honduran 
government. The project is funded with the help ofthe government ofthe Netherlands. 
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The main goal of the project is to facilitate the introduetion of technologies, for the population of 
Lempira Sur to augment the productivity and improve there life standard, reversing the process of 
destruction ofthe natura! recources. 
The goal should be reached by means of improving the organisational capacity of the population, by 
means oftechnological innovation at the level ofproductive units (families, communities and villages), 
and by means of sustainable u se and maintanance of the natura! recources. 
This path has been divided into seven main components: 
1)Maintanance of soil and water; 2)Agriculture; 3)Cattle; 4)Post harvest; 5)Home and surroundings; 
6)Maintenance of natura! recourses; 7)0rganisation. 
The research to drying technologies fits well in the post harvest component. 

PROLESUR comprises 84 small communities within 15 villages. To reach these places, the project has 
18 agencias, small offices, with an average of three employees in each office. Th ere are two field head 
quarters, in Guarita and Candelaria. 
Our research will be situated in the region of agencia of Santo Tomás; this is the most important coffee 
growing area in Lempira Sur. Santa Tomás comes under the field head office of Candelaria. The office 
in Candelaria also is the head-office of the project, and there is an assisting office in Santa Rosa de 
Copán. 

0.3 Relevanee 
As stated in paragraph 0.2, the research is relevant in the context of PROLESUR. The organisation will 
use the results to initiate new projects. The research is also socially, economically and technically 
relevant. As said before, an alternative drying technology might provide a solution to some of the 
problems conceming the drying of coffee. They contribute to higher capacity and quality and less 
dependenee on weather conditions. 
Furthermore, the process of drying of coffee is an essential part of the transformation of fresh cherries 
into the dry parchment for export. Improving this processcan be, under certain conditions, a means of 
economie development in very isolated areas. As we will see in chapter 3, the coffee sector is very 
important at all levels of the national economy. The higher and better the production of coffee, the 
more possibilities for income improvement. 
The technica! relevanee lies in the fact that it is important that the materials are indeed low-costs and 
available, and that the maintenance and production of drying technologiescan be done Iocally. 

Scientifically the research will give a small contri bution to the knowledge of more sustainable energy
providing in rural areasof developing countries. The research suits within the field of agro-industry and 
deals with local technology development and technology transfer from other Latin American regions. 

0.4 Background 

Coffee in Honduras 
As we can see in Table I, coffee is the second export product a fier bananas. However, coffee is the 
most important national export product that is completely in hands of Hondurans. For a detailed study 
ofthe coffee sector see Chapter 3. Fora detailed country profile of Honduras, see Appendix 2. 

Table 1: Exports Honduras; principal cammodities (US$ mil/ion) 

Exports f.o.b. 1990 1991 1992 
Bananas 357.9 314.4 294.0 
Coffee 180.9 145.9 144.8 
Wood 16.1 15.3 15.8 
Meat 25.3 31.4 34.0 
Shellfish 65.7 92.9 96.8 
Sugar 12.4 8.4 5.8 
Total (incl. others) 837.4 801.3 822.4 
Sou ree: Honduras in: South America, CentralAmerica and the Caribbean 1995, p.397 

The Honduran coffee production takes place at altitudes between 800 and 1400 metres above sea level. 
(Palma, 1995, p.l46) Honduras has a good elimate for the production of coffee. The species cultivated 
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in Honduras is Coffae Arabica L. with the varieties Caturra, India and IHCAFE 90. In the ideal case 
the production cycle of a coffee tree takes about five years, then the tree has to be cut back. This is to 
force back the effect that the production ofthe trees varies strongly every year. 

Processing of coffee 
lt is important to have a good idea of the different stages in the beneficia (the processing) of the fresh 
coffee fruit to the café oro which is ready for export. There are generally two types of processing the 
fruits, wet and dry. The wet method is by far the most used. The wet processing (beneficia hUmedo) is 
composed ofseveral stages, all ofmajor importance (Palma, 1993, p.42): 

Stage in processing: 
a. Harvest 
b. Pulping 
c. Fermentation 
d. Washing 
e. Drying 
f. Storing and preparation 

Product resultingfrom this stage: 
ripe fruit 
pulped parchment 
fermented pulped parchment 
washed pulped parchment (50-55%)2 

wet parchment of 3 8% to 40% or dry parchment ( 11-15%) 
café oro 

After the harvest, the just ripe fruits are subjected to pulping in which the outer skin of the fruit is 
removed by mechanica! means to obtain pulped parchment coffee. The mucilage layer which forms as 
a cover, will be removed by adopting any one of the demucilaging methods viz., natura! fermentation, 
enzymatic, chemica! and attrition to obtain wet parchment. (Ananda Alwar, 1997, p.67) In Honduras 
natura! fermentation is the method used most (it should be stressed that too much fermentation causes 
damage). After the process of fermentation the coffee should be washed immediately. The resulting 
parchment will be put on the patio with a moisture content of 50 to 55% (Palma, 1993, p.46) and will 
be dried to the range of 38-40% (wet parchment) to I I- I 5% (dry parchment) (Mencia, I 992, p.5). The 
main reason for drying coffee is safe starage without loss of quality (mainly caused by over
fermentation). Storing coffee at 40% is difficult because of the time limit (fermentation) and danger of 
Iosing weight (and thus money) during storage. Storing coffee at 12% is more easy because there is no 
danger of fermentation. 
"Drying is an important and tricky stage in coffee preparation. lt contributes greatly to quality of the 
end product and can prove detrimental to quality, if not carried out correctly. It may be emphasised that 
proper drying contributes greatly to the healthy colour of the bean and other quality factors" (Ananda 
Alwar, 1997, p.68). The dry parchment also has to be prepared for export by removing the remaining 
thin skin (cascarilla). The result is café oro, ready for export and roasting. 
The concepts wet and dry parchment might give some confusion. In this research we will use the 
following definition: 

wet parchment 
dry parchment 

parchment with humidity of 16% up to and including 50% (dry base) 
parchment with humidity of 11% up to and including 15% (dry base) 

Figure I: From left to right: harvesting, pulping and drying (on a patio) 

2 All percentages ofhumidity given on dry base 
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0.5 Sustainability 

As we saw before in paragraph 0.2, the main goal ofthe PROLESUR is to facilitate the introduetion of 
technologies, for the population of Lempira Sur to augment the productivity and improve there life 
standard, reversing the process of destruction of the natura! recources. The last aspect, reversing the 
process of destruction of the natura! recourses should be taken into account when dealing with the 
production of coffee. The production of coffee brings about different kinds of pollution of the 
environment. The most harmful is the acid waste water and pulp coming from the process of pulping 
(or peeling) the fresh coffee fruits (Cléves, 1998, p36). Another problem, however, is the huge wood 
consumption in the industrial drying of coffee (MDI, 1997). At industrial scale 265 kWh is needed for 
one kg café oro (ready for export). About half ofthis energy neededis part ofthe processof drying the 
coffee. At national level, about 45 thousand metric tons of fire wood (or 763 hectares of forest each 
year) is consumed by the national coffee sector. This equals 16% of the national industrial energy 
consumption (Dalziel, 1997). 

In this research we will look at alternative drying technologies for the small coffee producers in South 
Lempira, Honduras. At the moment, the producers do not use any wood for the process of drying. But 
we will see the production is growing fast. It might turn out that wood-consuming technologies are 
more appropriate to the local producers. We should take this into consideration and therefore use the 
concept of Sustainab/e development, as defined in Our common future (WCED, 1987): 

Sustainable development is a process of change in which the exploitation of resources, the direction of 
investments, the orientation of technological development and institutional change are all in harmony 
and enhance both current andfuture potential tomeet human needs and aspirations. 

So, in order to direct the investments and technological development in harmony with the exploitation 
ofrecources (wood in this case), the sustainable use and maintanance ofthe natura! recources should be 
considered before introducing new technologies. In the light of the definition of the concept of 
sustainability, we will try to search for alternative coffee drying technologies that will enable the 
growth of the coffee production in the region, but with technologies that avoid or at least reduce the 
wood consumption as heat souree in the process of drying. 

0.6 Guideline for the Reader 
The report is divided into three parts. In Part I we can find the Methodologicallssues, with in Chapter 1 
the Theoretica! Issues and in Chapter 2 the Empirica! Issues. 

Part 11ofthereport contains the results ofthe research. In Chapter 3 the Environment is analysed. First 
the coffee sector and the infrastructural and geophysical system are described, leading to 
Environmental Constraints. Next, an overview of the available drying technologies is given. Using the 
Environmental Constraints, four technologies will be selected from this overview for further analysis in 
Chapter 5. 
In Chapter 4 the Terms of Reference are constructed, by first analysing the Technological 
Requirements and the Socio-economie Requirements. In Chapter 5 these Terms of Reference will be 
used to operationalise the description ofthe four selected technologies in Chapter 3. 

In Part lil, the Final Conclusions and the Recommendations, we first analyse the appropriateness of the 
four technologies (Chapter 6, the Final Conclusions). In Chapter 7, Recommendations, we give 
recommendations for the selection of the most appropriate technology and finally for the diffusion of 
the technology. 
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Chapter I Theoretica! Issues 

1 Theoretica} Issues 

1.1 Aim and research question 
During the first one and a half month of the research in Honduras, the original assignment was 
elaborated into the following aim and research question The reasoning behind this etaboration is stated 
in Appendix 10. 

Aim of research 
Assessment of an appropriate drying technology for the drying of coffee by smal! rural 
producers in the south of Lempira, Honduras. 

Research question 
Which drying technology(s) is/are appropriate for the drying of coffee by smal! rural 
producers in the south ofLempira, Honduras? 

1.2 Relevant literature 
In Appendix 12 can be found a smal! literature study about the different opinions one can encounter in 
the world of smal! scale drying. This literature study was made when the assignment still was not 
completely clear and the idea was to dry fruits in stead of coffee. This literature study contains al lot of 
information based on the drying of fruits. However, for coffee too a lot of useful information can be 
distilled, which is processed in the different chapters of this report. This literature study and the 
literature listed in the list of relevant literature (p.77), is used in the research. In this particular 
paragraph only the relevant literature for the theoretica! model wil! be given. 

According to Axtell & Bush (1991, p.39), Rozis (1997, pp.22-26) and Brenndorfer (1985, pp.201-211), 
a lot of cases show that the introduetion or distribution of new drying technologies failed because there 
was no or not enough attention paid to the actual problems according to the target population. Some 
information should be gathered about what kind of problems there are according to the research 
popu/ation and in what order of importance. 
In Gaillard (dikt.I536, 1995, p.28), but also in Rozis (1997, pp.22-26) and Brenndorfer (1985, pp.201-
211 ), we find that the manageability and the needed instructien or training to u se a new technology is 
an important socio-economie factor. According to Van Egmond (1996, p.l1, Ch.3) there is a 
remarkable relationship between the success for countries in assimilating foreign technologies and the 
rather high ranking of the same countries in terms of educational attainment of their population. From 
these statements we can conclude that the actual knowied ge of the different alternatives available is a 
relevant factor in the socio-economie requirements. 
In A x teil & Bush (I 99 I, p.38) we find some case-studies that make clear that the willingness to invest 
in new technologies is an important socio-economie factor in implementing new drying techno logies. 

In an examinatien of the economics of erop drying (Axtell & Bush, 1991, p. vii), Saleha Begum states 
that opportunities for new drying technologies, where they do exist, lie largely in actding value. In this 
study she focuses on mechanised drying (with diesel for example), but her arguments might be useful 
for simpter drying techno logies, too. In Secadores solares para fruta (I CAI TI, 1989) is stated that smal! 
models of solar dryers for dornestic drying of fruits are technically feasible. The only technica! 
disadvantage is the short lifetime ofthe dryers. The materials should be more durable. However, forthese 
smal! models the investments are quite large compared to the advantages. For non-commercial, smal! 
scale use, the impravement of traditional sun-drying methods might be better. There are no investments 
and the result might be comparable. Financially more feasible is the use in groups or commercial use of 
solar dryers. The higher capacity of these mid-range or industrial solar dryers causes this advantage. The 
scale of production is very important in the economie feasibility of a drying technology. So, not only 
the size of the production of dried coffee, but also the possibility to increase the size of production. 
Next toa growing market (which depends on the economie climate) the possibility tostart producing in 
groups is a possibility for an increasing production. In Dalziel ( 1997) is stated that the lack of 
organisatienat experience within the group of smal! coffee producers is an important drawback. 
These statements are not all explicitly for the drying of coffee, but we can conclude that the possibility to 
organise the smal/ coffee producers for production is an important factor in the socio-economie 
requirements for an appropriate coffee drying technology. 
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So, we have found four main factors that determine the concept socio-economie requirements: 
1. actua1 problems according to the research population; 
2. the actual knowledge ofthe different alternatives available; 
3. the willingness to in vest in new techno logies; 
4. the possibility to organise the small coffee producers. 

1.3 Conceptual definitions 
Based on literature study and consultation with key-persons (see Appendix 1 for list of key-persons 
consulted) the relevant concepts for this research are defined as follows. 

Environment 
Local, national and international social and geophysical system, including the range of technologies 
available in this environment. 

Local infrastructural system 
The Iocal state of the road system and possibilities to transport coffee to the main coffee depots and 
marketplaces. 

Local geophysical system 
Local characteristics concerning the soil and the climate, important for the processof drying. 

International, nationalmullocal Coffee Sector 
International, national and local conditions in which the whole process of producing and selling dry 
parchment is embedded. 

Environmental constraints 
Constraints on the coffee drying technologies available imposed by the Iocal environment. 

Production process 
Transforms input into desired output. (Van Egmond, 1996, p.6, Ch.6) 

Teclmology 
The concept oftechnology comes down at two related items: A) production process technology and B) 
product technology. (Van Egmond, 1996, p.11, Ch.1) 

A) Product teclmology 
Product technology refers to the body ofknowledge, ways and means which is applied for the 
design and specification ofthe goods and services to be produced. (Van Egmond, 1996, p.11, 
Ch.1) 

B) Production process teclmology 
The skilis and knowledge embodied in machines (Technoware), man (Humanware), 
information (Jnfoware) and organisation (Orgaware), applied for the production of goods and 
services required by a society in which and by which it is being used. (Van Egmond, 1996, 
p.13, Ch.l) 

Technoware 
Refers to object-embodied technology and consists of such items as tools, equipment, machines, 
vehicles and physical infrastructure. (ESCAP, 1989, p.111) 

Hu manware 
Refers to person-embodied technology and includes aspects such as knowledge, skills, wisdom, 
creativity and experience ofindividual human beings or groups ofpeople. (ESCAP, 1989, p.109) 

Inforware 
Refers to document-embodied technology and relates to aspects such as processes, procedures, 
techniques, methods, theories, specifications, observations and relationships describes in publications, 
documents and blueprints. (ESCAP, 1989, p.l09) 
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Orgaware 
Refers to institution-embodied technology required to facilitate the effective integration of 
Technoware, Humanware and Infoware and consists of management practices, linkages and 
organisational arrangements. (ESCAP, 1989, p.110) 

Terms ofreference production-process teclmology 
List of socio-economie and techno1ogical requirements for the production process technology. 

Socio-economie requirements 
The socio-economie requirements consist of four dimensions (see Iiterature study in previous 
paragraph): actual probierus according to the research population, the actual knowledge ofthe 
different alternatives available, the willingness to invest in new technologies, the possibility to 
organise the small coffee producers. 

Technological requirements 
The technological requirements consist of three dimensions, input, output, and production 
process. (This definition will be explained in the following paragraph.) 

Coffee dryiltg teclmology 
Production process technology for the drying ofwashed pulped parchment. 

Coffee drying teeltnologies available 
The range of coffee drying technologies available within the environment. 

Possible appropriate coffee tlrying teeluwlogies 
Coffee drying technologies that might be appropriate because they satisfy the environmental 
constraints. 

Appropriate teclmology 
According to Van Egmond (1996, p.20, Ch.1) the concept of appropriate technology refers to the 
technology mix contributing most to economie, social and environmental objectives in relation to 
resource endowments and conditions of application in each country. The concept is flexible and 
dynamic, respective to varying conditions and changing situations in various different countries. 
Therefore, in this research we will define an appropriate technology as the production-process 
technology complying most with the terrus of reference. 

Sma/1 rural coffee producer 
Person or household that Jives in a rural area and produces a maximum of I 00 Quintal3 of dry 
parchment coffee (pergamino seco) per year. (Dalziel, 1997, p.2) 

Sustabwbie tec/mology 
Technology that fits within a sustainable development. 

Sustaillllhle development 
Sustainable development is a process of change in which the exploitation of resources, the direction of 
investments, the orientation of techno logica! development and institutional change are all in harmony 
and enhance both current and future potential to meet human needs and aspirations. (Our common 
future, WCED, 1987) 

1 I Quintal = 46 kg 
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1.4 Theoretica! and Research Framework 
The concept of production process technology is defined using the theory of Van Egmond and basedon 
the model for a transformation-process (Van Egmond, 1996, p.6, Ch.6) as drawn in the following 
figure. 

input I ... 
J ... 

Technoware Hu manware 

Production process 
technology 

Infoware Orgaware 

Figure 2: General model for a transformation-process 

... J output j 

Th is model can be applied for the case of drying of coffee. The input of this process is washed pulped 
parchment. The transformation is the drying process. Dependent on the desired level of humidity, the 
output is wet or dry parchment.4 The general model in Figure 2 converts into the following model for 
the transformation-process for the drying ofwashed pulped parchment. 

washed Technoware Hu mamvare wet or dry 
pulped Jo. Coffee drying technology ... parchment 

parchment 
... .... 

Infoware Orgaware 

Figure 3: Transformation-process for the drying of washed pulped parchment 

As can be seen in Figure 3, in this research the production process technology is the eajfee drying 
technology. The path to get to this technology wiH be taken from the model of Gaillard, in his 'ideal 
sequence when designing and producing products "appropriate" for developing countries' as stated in 
GaiHard (dikt.l536, 1995, overview 5, p.26; also see Appendix 4). In that model he finally arrives at an 
"optima) appropriate production process". In this research, the production process or transformation 
process is the drying of coffee, as we saw above, and the optima/ appropriate production process is in 
fact the transformation-process for the drying of washed pulped parchment, drawn in Figure 3. To 
determine the optima) transformation process, we have to determine the appropriate eajfee drying 
technology, the variabie we have todetermine according to the research question. 
So, the model of GaiHard in combination with the one of Van Egmond seems suitable as a basis for the 
theoretica) framework. However, some changes are made here. 

The model of GaiBard starts with a certain basic need like for example water, health, food and its 
preservation, transport, energy, shelter. These needs determine a list of technological needs. These 
technological needs may consist e.g. of a cement pit, soap, solar dryer, bicycle, wood-stove. After 
determining this list of technological needs the choice of priorities should be made. These priorities 
determine the technology that will be concentrated on for further research. 
Among the basic needs there is the need for wet or dry parchment by small rural producers in the South 
of Lempira, Honduras. This determines a technological need for a coffee drying technology. The 
choice of priorities is not of interest in this research. The technological need for a drying technology 
may not be the frrst need in the list of priorities, but it is the one focussed on in this research, according 
to the assignment. Or one could say that according to the assignment, the technological need for a 
coffee drying technology has the first priority. 
The following steps in the model of Gaillard lead to the "optima) appropriate product" (or output), 
which is in this particular case the wet or dry parchment, with the desired quantity and level of 
humidity. The output forms part of the techno logica) requirements in the terms of reference, as we will 
see further on. 

" The desired humidity of the parchment in the output can vary from 40% (wet parchment) to 11% (dry parchment). See 
paragraph 0.4 for more information. 
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The foHowing part ofthe model ofGaillard is the most important for this research. 
We wiH start with an addition to the model. As GaiHard uses technological and socio-economie 
requirements to determine an appropriate product, we will add the same type of requirements to the 
second part of the model, to determine an appropriate production process. They determine the criteria 
or the terms of reference that the new technology should meet. This will result in a checklist of 
weighed criteria, composed by two different factors: techno logica! and socio-economie requirements. 
The socio-economie requirements consist of the four factors according to the conceptual definition: 
1)actual prob1ems according to the research population, 2)the actual knowledge of the different 
alternatives available, 3)the willingness to invest in new technologies and 4)the possibility to organise 
the smaH coffee producers. 
The technological requirements consist ofthree factorsbasedon the modelfora transformation process 
(see Figure 3): input, output and production process. 
The input of the transformation process is the washed pulped parchment. The varying aspects of the 
input are the species of the coffee and the quantity, the rest of the input specifications is a fixed factor 
in our case. The output, the wet or dry parchment, is the same concept as the "optima! appropriate 
product" used by GaiHard in his model and has to do with the product technology as defined in the 
previous paragraph (Egmond, 1996, p.l1, Ch.1 ). The varying factors are the level of processing (which 
is in fact the level ofhumidity ofthe parchment) and the quantity ofthe output parchment. In our case, 
these are the only aspects of interest for the output. The production process itself determines some 
technological requirements, too. These are logistic aspects and the capacity necessary. 

Now we will take a look at the other steps Gaillard uses in his model. He starts with the determination 
of the market size. The market si ze determines the capacity of the production-process needed. Th is is a 
technological requirement and therefore the market size will not be explicitly named in the theoretica! 
model. 

Some additions are made to the model. At first, according to Van Egmond (1996, lecture notes of 
Technology development & international technology transfer) a production process is embedded in an 
environment consisting of a local, national and international social and geophysical system, including 
the range of technologies available in this environment. This is added to the model. In our research 
framework the (inter)national social and geophysical system will be delimited. The national and 
international level will be delimited to the (inter)national eajfee sector. At local level not only the local 
eajfee sector but also the local infrastructural and geophysical system wiil be taken into consideration. The 
local infrastructure is important because it influences the possibility to transport the (partially) dried beans 
rapidly. Th is possibility to transport rapidly diminishes the minimal rate of humidity of the dried beans 
necessary. Therefore the drying process is influenced by the local infrastructure. The local geophysical 
system influences the local elimate and the local drying conditions and therefore wiJl have to betaken into 
consideration, too. 
The range of eajfee drying technologies available nationaHy and internationaHy will give a description 
of the complete range of coffee drying technologies available. However, only a few technologies will 
possibly be appropriate. So, the complete range of technologies will be delimited by the environmental 
constraints imposed by the international, national and local eajJee sector and the local infrastructura/ 
and geophysica/ system. So, based on the environmental constraints, a first selection of four 
technologies will be made. These technologies will form the list of possible appropriate eajJee drying 
technologies for further and detailed confrontation with the termsof reference. 
One remark should be made here. As said in paragraph 0.5, in the light ofthe definition ofthe concept 
of sustainability, we will try to search for alternative coffee drying technologies that will enable the 
growth of the coffee production in the region, but with technologies that avoid or at least reduce the 
wood consumption as heat souree in the process of drying. This restrietion will be added to the 
environmental constraints. 

Another impravement to the model is the following. The step of GaiHard "determination of relative 
labour-intensive steps of the production-process" is in fact one aspect of the technology and therefore 
just part of the forming of the list of possible appropriate production technologies. This list is 
necessary for another step Gaillard makes: determination type of product ion-unit. The production unit 
is the drying technology we are looking for. So, we have to make a list of possib/e appropriate 
production technologies for a confrontation of technologies available with the terms of reference. The 
results of the terms of reference will be classified using the concept of technoware, humanware, 
infoware and orgaware, as we have seen in Figure 3 (THIO-factors) and financial factors in order to 
operationalise the description ofthe possible appropriate eajJee drying technologies. 
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In the last two steps of Gaillard, about costs, profits and acceptable selling prices, are in fact a financial 
analysis of the different technologies available, an important step to select the most appropriate 
production process technology. Th is financial feasibility is taken care of in the Financial factors of the 
terms of reference, as stated before. 

Another addition to the model is the testing and modification of a proto-type of the production-process 
technology. Testing this proto-type in field conditions the different requirements will be reviewed. If 
necessary, corrections and modifications will be made. This stage contains feed-back. Findings of the 
testing in the field might change the appropriate drying technology. This chain might be passed through 
several times. Ultimately, this willlead to the optima/ appropriate eajJee drying technology and the last 
step, the dijfusion of the optima/ appropriate eajJee drying technology. 

However, the testing of the proto-type in real field conditions exceeds the possibilities of this particular 
research. So, only recommendations will be given to perform the testing in the field to reach the 
optima! appropriate technology and the diffusion. 
The research framework that results is drawn in Figure 4 on page 13. 

In short we can say we have the following independent/intermediate variables: 
• International, national and local eajJee sector 
• Local infrastructural and geophysical system 
• Coffee drying technologies available 
• Local constraints 
• Terms of reference 
• Possible appropriate eajJee drying technologies 

They determine the dependent variabie appropriate eajJee drying technology for smal! rural producers 
in the South of Lempira. Honduras. 
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Chapter 1 Theoretica/ Issues 

1.5 Operationalisation 
In this part we will operationalise the different variables that have to be measured. The different 
questionnaires and checklists are distilled from the checklists in the original research proposal of this 
research (Ierse!, 1998, pp.16-21 ). Based on the original idea to dry fruits in stead of coffee, the list in 
the research proposal was prepared by studying relevant literature. 

International, national and local coffee sector 
A checklist will be used to operationalise this variable. See Appendix 5 (5.1 to 5.3) for details. We used 
Inlegration project; outfine (Egmond & Gaillard, 1996) as a basis to determine the checklist. 

Local infrastructural and geophysical system 
A checklist will be used to operationalise this variable. See Appendix 5 (5.4) for details. 

Environmental Constraints 
Will be operationalised by making a checklist based upon the International, national and local eajfee 
sector and the Local infrastructural and geophysical system. See paragraph 3.3 for details. 

Coffee drying technologies available 
General description ofthe different technologies. No specific checklist will be used. 

Terms of reference 
As we have seen, the terrus of reference are split into technological and socio-economie requirements. 
The requirements wil! be determined by using questionnaires (see Appendix 6 and Appendix 7). 

The terrus of reference wil! be elaborated as follows: 

• Socio-economie requirements 
I. actual probierus according to the research population; 
2. the actual knowledge ofthe different alternatives available; 
3. the willingness to invest in new technologies; 
4. the possibility to organise the smal! coffee producers. 

• Technological requirements 
I. Input 
2. Output 
3. Production process 

Technological requirements 
As defined in paragraph 1.3, the technological requirements consist of three aspects, input, output and 
production process. These dimensions are mainly quantitative and typically dependent on the research 
population. Therefore a closed direct questionnaire will be used, with a few open questions for 
additional information. For details, see Appendix 6: Questionnaire Technological requirements. 

Socio-economie requirements 
The socio-economie requirements will be operationalised using a questionnaire. For details see 
Appendix 7: Questionnaire Socio-economie requirements. According to the definition in paragraph 1.3 
there are four aspects we wil! focus on. The actual probierus according to the research population, the 
actual knowledge of the different alternatives available, the willingness to invest in new technologies 
and the possibility to organise the small coffee producers. 

For the first dimension, the actual problems according to the research population, we need an 
overview ofthe existing problems. Weneed to know what kind of probierus there are and in what order 
of importance. 
A direct open interview wil! be the best option. This part wil! be semi-structured, which means there 
are a few formulated questions which will be elaborated during the interview, depending on the 
answers. According to Deugd5 this is the best way to deepen the probierus the population suggests and 

5 Deugd, M., key-person, see Appendix I 
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to describe them as completely as possible. This kind of research needs some experience. Deugd 
trained me in this. 
The disadvantages are the following. Each interview requires a lot of time. This limits the amount of 
interviews that can be taken, but the practical situation in Lempira limits this amount anyhow. 
Furthermore, there is the danger of getting out of focus. Training and experience during the pre-test 
will help to improve the skill of focussing during the interviews. Finally, it might be difficult to 
compare the different interviews because all questioned people use different terminology. The last 
problem can be solved by using key-words when analysing the different interviews. 

To determine the order of importance of the different problems we will u se the number of respondents 
that mention a certain problem as weigh-factors for the importance of the different problems. We did 
not ask the respondents directly to give a ranking to the problems on order to avoid the courtesy bias. 

The second indicator, the actual knowied ge of the different alternatives available will be investigated 
using structured indirect open and closed questions. We will ask the respondents to explain the 
different technologies selected paragraph 3.5. 
The third indicator, the willingness to invest in new technologies was tried to measure directly, but the 
pre-test made clear an indirect approach is necessary. So, structured indirect open and closed questions 
wiJl be used. Before the questions, first the respondent will be given some explanation about the 
zaranda and asolar dryer. The advantages and disadvantages will be explained. We have to take into 
account that the way these technologies are explained will influence the response, and therefore the 
explanation should be the same for all respondents. 
The fourth indicator, the possibility to organise the smal/ eajfee producers, will be investigated using 
structured direct open questions. 

These techno logica) and socio-economie requirements will lead to a weighed list of terms of reference 
that an appropriate technology should meet. Furthermore there will result a list of some notions that 
will be used for the final conclusions and recommendations. The terms of reference are classified by 
dividing them into THJO-factors andfinancialfactors. See paragraph 4.3 for the elaboration. 

Possible appropriate coffee drying technologies 
The results ofthe terms ofreference will be classified using THJO-factors andfinancialfactors in order 
to operationalise the description ofthe possible appropriate eajfee drying technologies. 
The THIO-factors will follow completely out of the interviews for the terms of reference. The 
Financial-factors will be determined by the efficiency ofthe invested capita) (Net Present Value (NPV) 
and Internal Ra te of Return (IRR) (Lemmens, 1995, p.31 )) and possibly by the initia) in vestment (11), if 
this seems important according to the terms ofreference. 
The NPV and the IRR both have different drawbacks as indicators. This the reason why we will 
compare both. 

Appropriate coffee drying technology for small rural producers in the South of Lempira, 
Honduras 
According to the conceptual definition of an appropriate technology in paragraph 1.3, this technology is 
the one complying most with the weighed terms of reference. The technologies described in chapter 5 
will be evaluated for each item of these terms ofreference. 

In Table 2 on the next page a summary is given ofthe operationalisation ofthe different variables. 
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Table 2: Operationalisation 

Variabie Operationalisation See 

International, national and local coffee sector checklist Appendix 5 (5.1- 5.3) 
Local infrastructural and geophysical system checklist Appendix 5 (5.4) 
Environmental constraints checklist Paragraph 3.3 
Terms of reference 

• technological requirements questionnaire Appendix 6 
- input Question 14 - 18 
- output Question 6- 13 
- production process Question 19- 32 

• socio-economie requirements questionnaire Appendix 7 

- actual problems according to the research population Question 33- 37 

- actual knowledge ofthe different alternatives available Question 38 - 4 I 

- willingness to invest in new technologies Question 42- 46 

- possibility to organise the small coffee producers Question 47- 56 

Coffee drying technologies available 

• THIO-factors Termsof reference Paragraph 4.3 

• Financial-factors NPV, IRR, 11 Paragraph 5 .3 

Appropriate coffee drying technologies tor small rural producers in 
Table 26, page 63 

the South of Lempira, Honduras. 
Terms ofretèrence Table 27, page 63 

Table 28, page 67 
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2 Empirica( Issues 

Chapter 2 only concerns the questionnaires to determine the socio-economie and the technological 
requirements. 

2.1 Population and research unit 
For the questionnaires of the technological and socio-economie requirements we have to define the 
research population. In the research question the research population are the small rural coffee 
producers in the south of Lempira, Honduras. We have defined a small rural producer as "person or 
household that Jives in a rural area and produces less than 100 Quintal of coffee (pergamino seco or dry 
parchment) per year" (paragraph 1.3). The southem region of Lempira can be divided in a high and a 
low region. Only in the high region coffee is produced. Furthermore, we will only work in the parts of 
the region where the project (PROLESUR) works. 
The household as a whole functions as a coffee producer and the drying technology will be used at 
househeld level. The households will be chosen as research units. 

So, we will define the research population and the research unit as follows: 

Research population 
The coffee producing ·• households, · with a .lll.élximal production .. of 100 QuintaL dry 
parchment per year, in .the aldeas covered?Yitile regionalof~c:e . of PROLESURin: 
Santo. Tomás (Gualcince, Lempira, Honduras): •• Santo Tomás, .Gualdaya, El Tablón, 
Las Moras, Alondra, Quelepa, V alle Nuevo, .qualcince. 

Research unit 
A househo/d of. the research popu/at ion; the appl/éd. to êJ~Y 
competent adult person in the unit.h]pg;ctice this means the person whowas at home 
at the time ofthe interview, with thebest.knowleäge ofthe ärying process ofco.ffee. 

2.2 Sampling metbod 
There is no complete sample frame available, neither are there censuses, population records or use of 
land records that can be used (only a general overview of the research population (ALIADO, 1996, 
p.17-18)). Neither is it economically possible toprepare a complete sample frame. So, no frame is 
available. Furthermore, we do not need a statistically elaborated result. Except the fact that it will be 
practically impossible, the extra efforts and costs would not add sufficient value. 
In Methodological Issues related to Cross-cultural Research: Sample Design (Gaillard, 1995, p.21) we 
find arguments to use non-probability sampling: "There are circumstances in which non-probability 
sampling is preferred. Ifthe objective is not to obtain a representative sample but to study a few cases, 
identify problems or generate hypotheses, then it is certainly appropriate. Also, where a sampling frame 
is unavailable and cost considerations preclude the creation of one, probability sampling may be ruled 
out." 
Non-probability reduces non-sampling error and total sampling-error, is relatively speedy and is 
relatively inexpensive. The big disadvantage is that the data are Iess representative (and thus diminishes 
possibilities for estimation at population level) and do not have precise quantification, and that no 
standardised analysis techniques are available. 
In our case, however, it will be clear that non-probability sampling is the most appropriate method. 

According to Diagnostico de la Zona alta del Municipio de Gualcince (ALIADO, 1996, p.6) the 
different a/deas in the region are quite homogeneous except for the following: V alle Nuevo has a more 
vast and isolated geological structure. Furthermore, Santa Tomás has a little higher income and better 
institutional presence. There are no data available of the total number of households in each aldea. 
Therefore, we will pre-stratify the sample by interviewing from each aldea an equal number of persons. 
Furthermore, we will stratify according to income level, because income level determines the level of 
investment that one can bear and therefore the willingness to invest in new technologies. In 
Diagnostico de la Zona a/ta del Municipio de Gua/cince (ALIADO, 1996, p.19) they use a 
stratification according to Iandownership: more than 10 hectare (10%), between I and 10 hectare (70%) 
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and less than 1 hectare (20%). We will use the same stratification assuming the amount of land is an 
indicator for income level. Coffee producers with a maximal production of 100 Quintal dry parchment 
per year will solely be in the low and middle strata. So, we will only use these strata and redistribute 
the percentages: 78% between 1 and 10 hectare and 22% less than 1 hectare. 
For the rest, the different aldeas will be assumed homogeneous. 

There is one month available for conducting the survey. The programme ofthe project, the timetable of 
the agencia of Santo Tomás, the large distances and scarce means of transportation (mainly on foot), 
makes it possible to effectively conduct 3 interviews per day for ten days in total. So, because of 
practical constraints, the sample size is limited to 30. 
There are 8 aldeas in which the interviews will be conducted, and as decided before, the number of 
interviews will be equally distributed over these aldeas. This means we will conduct at least three, if 
possible four, interviews in each aldea. Furthermore we have to taken into account the stratification 
according to landownership. The ratio of 78% to 22% will be approximated by interviewing one 
household in each aldea with less than 1 hectare of land and 3 with land between 1 and 10 hectare. The 
sampling frame is provided by a snowball method. After each interview will be asked where other 
householcts are situated that produce less than 100 Quintal of dry parchment, what their area of land is 
and whether they are at home at the particular day. 

The response was as follows (see Table 3): 

Table 3: Samplingframe 

Aldeas Planned Executed 

landownership /andownership 
I<IOha <I ha 1<10 ha < I ha 

1 Santo Tomás 3 I 3 1 
2 Gualdaya 3 1 3 1 
3 El Tablón 3 I 2 1 
4 Las Moras 3 1 3 I 
5 A Iondra 3 1 2 1 
6 Quelepa 3 1 2 1 
7 V alle Nuevo 3 1 3 1 
8 Gualcince 3 1 2 1 

L 24 (75%) 8 (25%) 20 (71%) 8 (29%) 

L 32 N=28 

The non-response was 5 units in the category 1<10 ha. The non-response is 5/32=16%, which is 
acceptable. By additional sampling the sample-size of the category 1 < 10 ha became 28. The non
responding householcts did notwant to cooperate with the research, not giving clear arguments. 
So, there is a small bias in sampling, but to our opinion this will hardly have any effect on the 
conclusions ofthe research. 

2.3 Methods of data collection 
For the International, national and /oca/ coffee sector, the /oca/ irifrastructural and geophysica/ system and 
the coffèe drying technologies available literature was used, but additional information was needed, 
obtained by personal interviews with key-persons and by non-participant direct observation. 
For the technological and socio-economie requirements no information could be obtained by literature. 
Therefore, in order to get some quantitative data persona1 (semi-) structured interviews were used. 
For the THIO factors ofthe possible appropriate coffee drying technologies no data were availab1e and 
therefore we used key-persons and an experiment with the coffee drying technologies. 
For the jinancial factors, the information obtained by literature was not sufficient, and will be 
completed by interviews with key-persons and data from the personal structured interviews and the 
experiment with the coffee drying technologies. 

The different methods of data collection for the variables to be measured are summarised in Table 4 on 
the next page. 
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Table 4: Methods of data collectionfor the variables to be measured 

Personaf Personaf Personaf semi- Non-participant Experiment 
Variabie lirerature interview key- structured structured direct colfee drying 

pers on interview interview observation technologies 
International, national and local x x x 
colJee sector 
Local infrastructural and x x x 
geophysical system 
Coftèe drying technologies x x x 
avai lab le 
Terms ofreference 

• technological requirements x 
• socio-economie requirements x x 
Possible appropriate coffee drying 
technologies available 

• THIO-factors x 
• Financial-factors x x x 

2.4 Pre-test 
lf a check-list is used several times, it might be adapted after the first interview with a key-person in 
case it is not completely clear. 

The questionnaire used to determine the technological and the socio-economie requirements will be 
pre-tested. Special attention was paid to whether the respondents understand the question and whether 
they give the desired type of answer. So, the methad used is a kind of "don't know I no answer" and 
response analysis, but mainly for open questions. Taking into account the limited number of interviews 
that can betaken (about 30, see paragraph 2.2), only three interviews will be used for the pre-test of the 
questionnaire. 
The double translation test could not be applied. No competent persons were available totranslate from 
Spanish into English. So, the Spanish versions were corrected by two Hondurans and by one Dutch 
person with experience in conducting Spanishopen (semi-)structured interviews (Deugd6

). 

2.5 Techniques of analysis 
The aim of analysis of the requirements is inventarisation. Descriptive statistica! techniques will be 
used, especially percentages (frequency distribution) and absolute numbers. 
The terms of reference wil! be weighed. The problem with weighting systems is that it is difficult to 
apply them objectively. Criteria weights can only be decided upon after discussions with all groups 
concerned. As they are so arbitrary it is important that a sensitivity analysis is conducted on the results 
(Mara, 1996, chapter 3). 
In the analysis of the financial factors of the possible appropriate coffee drying technologies available, 
a sensitivity analysis wil! be done for critica! variables. 

'' Key-person, see Appendix I 
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3 Environment 

3.1 International, national and local coffee 
sector 

3.1.1 International coffee sectol 
Coffee is an important international product. Latin 
America is the biggest producer with BraziJ as top
producer. With about 2,500 bags of 60kg per year, 
Honduras is a moderate producer, comparable with Costa 
Rica and El Salvador. Fora review of global production, 
see Table 5 and Figure 6, page 24. From this table we can 
calculate that over the last four years Honduras has a 
share of about 2.6% in the world production, compared to 
27.6% of Brazil, the largest coffee producer. Within 
Central America, Honduras has a share of 16% of the 
production (see Figure 6). The majority of the Honduran 
coffee is processed for the European market (especially 
Germany and Belgium, (lnforme de Cierre cosecha 1997-
1998. IHCAFE, 1998, p.7)) . A small part however is 
destined for the American market or for the low quality 
market (Palma, 1995, p.149) 
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The international coffee market is subject to frequent and strong fluctuations . In Figure 5 the 
international coffee prices are drawn forthelast two decades. We can see that since 1990 the prices rise 
and fall in a cycle of a bout four years, with fluctuations of about 100%. Because coffee is an important 
export product in hands of Hondurans, the international market affects the national economy 
considerably. "Exports were expected to improve markedly in 1994-95, with improved coffee prices 
the main factor" (Honduras. In : South America, CentralAmerica and the Caribbean 1995, p394). The 
international prices make themselves feit at the level of the smallest producers. Producers complain 
about the Iow prices this year (1998-1999) in comparison with last year, when the prices they got were 
twice as high. In Figure 5 we see that after the big drop in prices between 1985 and 1990, we can 
observe an average rising trend since 1992 of about 22% per year8

• The prices affect not just the 
producers, but of course also the middlemen and the exporters. In Palma (1995, p.154) we find that the 
oscillations of the prices on the international market is considered to be the biggest problem the 
exporters have to face. So, it is important to understand the international coffee sector, especially the 
market and determination ofthe prices from international to national and Iocallevel. 
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Figure 5: 

Prices ofCoffee Arabica (1990 $, 
cents per kg) 

(Source: Table 35, Appendix 13) 

According to Pena, Cerrato and Marquez,9 the price producers get for their coffee depends on the 
international prices (New Vork exchange). Based on this international price (which changes every 
hour), the exporters and middlemen calculate the price they pay the producers. Other input factors in 
their calculation are quality and quantity (the bigger the amount of coffee, the better the price) and the 
humidity (the dryer the coffee, the better the price). 

7 Unless indicated differently, the data in this chapter come from Dalziel (1997) and Palma (1995) 
' From about 150 cents in 1992 toabout 350 cents in a period of 6 years, makes a growth of22% per year. 
'' The fo llowing key persons were consulted to explain the (inter)national price mechanism: Pena, L. (ERAPUCA), Rodriguez, G. 
(UNICAFE) and Cerrato, M. (BECAMO). See Appendix I for more information key persons. 
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Table 5: World green10 eajfee production estimate (June 11, 1999) 

(in 1,000 60-Kg Bags) 
Region and Country 1996/97 1997/98 1998/99 1999/00 

(Forecast) 
CENTRALAND 
NOR TH AMERICA 

Costa Rica 2,376 2,455 2,455 2,550 
Cuba 278 320 215 220 
Dominican Republic 640 700 450 500 
El Salvador 2,498 2,040 1,777 2,272 
Guatemala 4,141 3,917 3,405 3,345 
Haïti 429 469 420 420 
Honduras 2,279 2,905 2,500 2,850 
Jamaica 54 46 40 40 
Mexico 5,300 4,950 4,650 5,200 
Nicaragua 831 1,083 1,131 1,100 
Panama 165 224 173 175 
Trinidad and Tobago 18 19 20 20 
United States 

. 
231 278 240 250 

TOT AL 19,240 19,406 17,476 18,942 

SOUTH AMERICA 
Bolivia 133 153 165 150 
Brazil 28,000 23,500 35,600 26,500 
Colombia 10,779 11 ,932 11,500 12,700 
Ecuador 1,815 1,230 947 1,800 
Guyana 5 5 5 5 
Paraguay 36 60 60 50 
Peru 1,583 1,820 1,980 2,150 
Venezuela 843 1,380 1,300 1,250 

TOT AL 43 ,194 40,080 51,557 44,605 

AFRICA 20,226 15,712 17,396 18,915 
ASlA 20,711 20,985 20,446 21,995 

WORLDTOTAL 103,371 96,183 106,875 104,457 
Includes Puerto Rico and Hawaii. 

Notes: 
Collee marketing year begins Octoberinsome countries and April or July in others. 
Production estimates for some countries include cross-border movements. 

Source : http://www.binews.com/news.htm 

Figure 6: Distribut ion green eajfee production 1998/99 (Source: Table 5) 
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111 Green coffee is dry parchment prepared tor export, also called café oro. 
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The price for Honduran coffee is low compared to the prices countries like Guatemala and El Salvador 
get. This is because the Honduran coffee has intemationally a reputation of bad quality. The real 
quality of, for example Guatemalan coffee, is in fact equal to that of Honduran coffee, it is just the 
image that differs. This results in illegal exports to El Salvador and Guatemala, because for the same 
quality you get higher prices. About 185,000 60 kg bags are estimated to be exported illegally to 
neighbouring countries each year11

• At national level, more and more effort is put in improving this 
reputation. Exporters like BEMOR012 concentrate on quality markets and put Iess emphasis on 
quantity. 

Conclusions 

within Central AmericaHoridoras plays a reasonably role (16%) in the coffee 
sector, globally howevefjts role >is niarginal (2.6%); (see first section of this 
paragraphand Table 5 andfigure.6) 
international coffee markefis subject to frequent and strong fluctuations (cycle of 
4 years, changes in price of I 00% per year, see Figure 5) 
since 1992 there is an average rising trend in prices (22% per year, see footnote 8, 
page 23) 
international prices affect the whole coffee sector up to the smallest producers 
price for Honduran coffee is low because of internationaL reputation of bad 
quality 

3.1.2 National colfee sector 
Since the 1940s, coffee is the second export product of Honduras, after the banana. Nevertheless, it is 
the most important export product which is in hands of Hondurans (unlike products, like bananas, 
realised by foreign investment). In the last 5 years, coffee has reached to represent 30% of the exports 
in the agricultural sector and 15% of the exports in total goods and services. (Dalziel, 1997, p.2) This 
statement corresponds with the data of Extemal Trade in Table 31, Appendix 2. 

Furthermore, the production of coffee has a great geographical and social importance: the activity of 
producing coffee has a significant presence in 12 ofthe 18 departments ofthe country, and is placed in 
the hands of 30% of the total of agricultural producers. In 1995 about 30% of total land devoted to 
agriculture is occupied by coffee plantations. The production of coffee in Honduras is mainly brought 
forth by smalland medium producers: 82% ofthe total area is possessed by producers with an area less 
than I 0 mzs 13

• Th is pattem of production offers hu ge social benefits. The small producers own their 
land, which induces social stability in the long term. This is because ownership ofthe land and the long 
productive duration of a coffee plantation keeps the producers stay in the rural area. 
In 1993, the area planted with coffee was over 251,000 mzs, distributed over more than 92,000 coffee 
producers (this means an average of2.93 mz!producer). Therefore, coffee is considered to be one ofthe 
most important cultivations for the Honduran economy; it is an export cultivation and at the same time, 
as we saw earlier, it is relatively democratised (the smalland medium producers constitute 98% ofthe 
total and cover 82% ofthe area in production). 
The majority of the small coffee producers Jives below the poverty Iine. Economie indicators of 1989 
(Dalziel, 1997, p.3) display that 85% of the coffee sector has no access to the electricity grid and 40% 
without sanitary facilities and bad access to health services. More than 30% has no access to drinking 
water and the level ofanalphabetism exceeds 35% ofthe chiefs ofthe farms. 

The coffee sector is growing fast. Between 1986 and 1995 the cultivated area grew with 90%. In Figure 
7 we can see that for the period 1962 - 1995 there is a significant increase in the level of production 
(about 3% per year14

) and the currency generated. 

11 sou ree: internet http://www.binews.com/ 
12 Exportador in San Nicolás, Santa Barbara, Honduras 
JJ mz (manzana) is a unit of area equal to 0. 70 ha. 
1
" Increase of about 3,000,000 Q in 30 years, or about 3% per year. 
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Figure 7: Production and Generation of eajfee yields from 1962 to 199 2 (Source: Palm a, 1995, p.l4 7) 

Taking a look at Table 5 we can see that also after 1995 the production has been rising. Only Jast year a 
break can be observed. As we can see in Table 5, in 1998/99 Honduran coffee output is declined from 
the previous year by approximately 400,000 bags Iargely as a result of Hurricane Mitch in October 
1998. Hurricane Mitch's impact is not to be understated. The most recent estimates give 1osses at 
approximately 460,000 bags. Other than the immediate Iosses from damaged plantations, the excess 
moisture accelerated cherry ripening and, without sufficient Iabour to piek coffee, a large share of 
cherries dropped to the ground. Compounding the situation was the damage Mitch caused to the road 
infrastructure, which made transporting coffee from farm to market a lot more difficult and even 
impossible in some cases. Consequently, it is no surprise that the quality of this year's erop is below 
normal and this is being retlected in the discounts being applied to Honduran coffee in the international 
market 
With Mitch greatly darnaging Honduras ' commercial agriculture (particularly banana production), 
coffee has been assured of being the eh ief export erop over the next few years. Therefore, coffee export 
eamings have become more important than ever to the Honduran economy. Honduran law makers have 
been quick to recognise this and they are creating incentives to assure the sector's well-being in the 
coming years. 

The outlook for the 1999/00 year is positive, however. Continued expansion in production area and a 
rebound in the production cycle could raise outputto 2.85 millions bags of 60 kg, up 16 percent from 
the previous year's estimate. Although the grower price has dropped in recent months, it is still above 
the break even point for growers. Of course, the effects of the 1999 rainy season on a very fragile road 
network and Iess than bright economie prospects for the coming year remain big question marks. 
Because Honduran coffee production is in the hands of roughly 90,000 low-tech growers, Honduras 
remains a low-cost producer which can withstand market lows better than some other countries with 
more efficient but more costly operations. 

The Honduran chain of coffee production 
The principal chain of commercialisation is: primary producers (92,000) - intermediarios (or 
middlemen) (3,500)- exportadores (or exporters) (57). On top ofthat, some ofthe coffee (7% or 8%) 
is not exported, but transformed by torrefactores (or roasting factories) for the intemal market Fora 
detailed overview ofthe chain, see Figure 25, Appendix 13. 

Primary producers 
Ofthe total production ofprimary producers in 1991, 81% was sold to intermediarios or middlemen, 
9% directly to the exportadores and 10% directly to the cooperativas. 
As we saw in paragraph 0.4, the process exists of several stages. In genera), the level of transformation 
performed by the producer himself is minimaL The majority of the producers sells their coffee as 
pergamino humedo, or wet parchment (humidity of about 40%). Generally, they sell their coffee on 
their ownfinca (or farm) , because ofthe Jack ofvehicles for transport. The majority ofthe producers 
has a very simp Ie beneficia or production site (for small producers consisting of a device to remove the 
pulp of the cherry and a concrete basin for washing). Nationally, about 50% of the producers realises 
some kind ofpre-drying (as we will see in the next paragraph, this is different at locallevel). 
Between 1989 and 1993 an estimation was made of the profitability of the producer selling his coffee 
in different stages: pergamino seco (dry parchment), pergamino humedo (wet parchment) and uva 
(cherry) . The estimation was based on costs of Iabour, materials and financing. The resu1ts of the 
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analysis show that the profitability is directly related with the level of transformation of the product. 
The producer that se lis his coffee as dry parchment achieves a profitability ( costs/profits) of 70%, while 
selling as wet parchment or cherry decreases the profitability to 56% and 54% respectively. For 
detailed data see Table 37 in Appendix 13. Furthermore, from Table 36 in Appendix 13 we can 
conclude that the higher the production, the more efficient. 
In the last ten years have come more and more possibilities for the producers to receive training 
( especially by IHCAFE). 
The producers also produce other crops (maize, frijoles, bananas), mainly to cover their subsistenee 
needs. 

Intermediarios 
As we have seen, 81% of the coffee produced passes through the hands of intermediarios. They buy 
from the producers and sell to exportadores or to other intermediarios. In most cases the exportadores 
finance their buyings. Most of the intermediarios are big businesses. The most serious problem they 
face is the bad road network. The accessibility during the large part of the harvest period is very bad 
which makes their work inefficient. The second most important problem they mention is the bad 
quality ofthe coffee the producers offer them, mostly because ofthe bad road network that notpermits 
them to collect the coffee daily. So, often the producer sells his coffee two or three times per week, 
which forces the intermediario to buy coffee with different levels of humidity, damaged and over
fermented coffee. A bout 63% of the intermediados has patios (concrete floors) to continue the drying 
ofthe coffee they bought. 
Most of the intermediarios seem to have low level of knowledge about the efficient handling and 
treatment of coffee. Furthermore, they seem to mix different qualities of coffee. They argue the 
exportadores are more interested in quantity than in quality, which finally effects the quality of the 
exports and the reputation ofthe country. (Palma, 1995, p.152) 

Exportadores 
The exportadores exported 2.5 million bags of 46kg in 1992. A bout 38% of the exportadores says the 
oscillations in the prices of the international market is the biggest problem they have to face, 32% of 
the exportadores thinks the internal market is the biggest problem, 30% thinks the bad quality of the 
coffee is their biggest problem. (Palma, 1995, p.154) 

Organisationa1 profile of the sector 
Of the 92,000 coffee producers in Honduras, only about I ,800 are organised in cooperativas, so, the 
vast majority (98%) does not have consistent business organisations, which are necessary for a bigger 
representativeness within the civil society. Th is situation results from the lack of own identity of the 
sector which will guarantee a fair treatment among the priorities ofthe country's development. 

The most important national institution in the coffee sector is lnstituto Hondurefio del Café (IHCAFE). 
Though the origin of the financing of IHCAFE (by counting 7 Lps 15 per Quintal dry parchment for 
export, subtracted via the price for the producer) would suggest it is a private entity, it is the 
govemment that is in charge. The most important aims of IHCAFE are to provide training to the 
different parties in the coffee sector and to do research at the processing (from sowing to roasting). 
Other institutions playing a role in the national coffee sector are Asociación de Productores de 
Cafetaleros de Honduras (APROCAFEH), Banco Hondurefio del Café (BANHCAFE), Financiera 
Nacional de Cooperativas (FINACOOP) and Fondo Cafetero Nacional. 

Problems 
According to Dalziel (1997, p. 9) there are a number of problems encountered in the sector. The most 
important is probably the low prices the small coffee producers get for their production. This is caused 
by the initia! positions in the chain of value added of coffee. Furthermore, the use of methods and 
technologies that are not just inefficient but also harmful for the environment. On top of that is 
mentioned the difficulty that exists for the small producers to get access to expensive drying equipment 
to improve the quality aftheir production. Furthermore the predominating lack of business organisation 
within the majority of the small producers, which makes it easier for the middlemen to keep their grip 
on the producers. Also the difficulty for the small producers to get direct access to the international 
markets of coffee of high quality and to understand the mechanisms and farces of these markets. 

15 Lp= Lempira (Honduran currency). $1 = 14Lps Qanuary 1999) 
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Other problems mentioned are poverty among the coffee producers, low responsibility ofwomen in the 
production process, the deforestation caused by the abundant use of firewood in industrial drying of 
coffee, Jack of access and experience in handling credits of banks. 

Conclusions 

coffee is the most important export product which is in hands of Hondurans ( 15% 
oftotal exports, Dalziel, 1997, p.2) 
the production of coffee has a great geographical and social importance 
the production of coffee is mainly brought forth by small and medium producers 
and is relatively democratised (the small and medium producers constitute 98% of 
the total and cover 82% ofthe area in prodllction, see page25) 
national trend in coffee production is upward (since 1962 about 3% per year, see 
footnote 14, page 25), except for last year because ofhurricane Mitch 
the principal chain of commercialisation is: primary producers - intermediarios -
exportadores 
in spite of the fact that the profitability is directly related with the level of 
processing, in general the level of processing performed by the producer bimself 
is minimal (dry only up to 40%) 
actually a low level ofknowledge but possibilities to receive training are rising 
vast majority of producers (98%, see page 27) does not have consistent business 
organisations 
the fluctuating (low) international prices, inefficient drying technologies, Jack of 
organisation, the bad quality of the coffee and the bad road network are the 
biggest problems the sector faces 

3.1.3 Local colfee sector in the region surrounding Santa Tomás, Lempira 
According to Mejia (I998, p.3), the production in I998 in the research area was about 460 thousand kg 
of coffee 16

, which is less than 0.3% of total national production. About 95% of the population in the 
area produces coffee. The production in the department Lempira is growing fast because a lot of new 
plantations are just coming into production. 17 According to Mejia (1998, p.5) the loss in coffee 
production in the research area because of hurricane Mitch was about 25%, which is higher than 
national average. 
In Diagnostico de la Zona alta del Municipio de Gualcince (ALIADO, I996, p.I9) they use a 
stratification according to landownership: I 0% off the households owns more than I 0 hectare, 70% has 
between I and 10 hectare and 20% of the households has less than 1 hectare. Regarding the fact that 
coffee is the main production in the area, this stratification according to landownership reflects the 
distri bution of the coffee production in the area. As we saw in paragraph 2.2, coffee producers with a 
maximal production of 100 Quintal dry parchment per year (the smal/ producers), will solely be in the 
low (20%) and middle stratum (70%). This means that about 90% of the Iocal producers are small 
producers. 

The level oftechnologies used is very low. (ALIADO, 1996, p. l7,18) The levelofprocessing however 
is relatively high in the region. Most producers dry their coffee up to about 15% (nearly dry 
parchment). This is far more than the national average. This has to do with the bad transportation 
possibilities. The isolation of the area impels the producers to conserve their coffee better. Th is means 
they have to dry their coffee up to a higher level. 

The prices in the region are mainly determined by the intermediarios that come to the region to collect 
the coffee (also called coyotes). Because for most producers this is the only way to sell their coffee, the 
intermediarios have some kind of monopoly. They determine their own prices which are lower than the 
prices in accessible areas. One ofthe results is that, according to different key persons 18

, the quality is 

'" I 0,000 bags of I Quintal (46 kg)= 460,000 kg 
17 source: internet http://www.binews.com/ 
•• Pineda, Martinez, Pena. For details, see Appendix I. 
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not important in Lempira. Improving quality (by improving drying technologies) does not yield more 
profit, except in the cooperativas. This would mean improving drying technologies does bring more 
pro fit. 
Some of the (bigger) producers with their piek-up truck sell their coffee to intermediarios in Santa 
Rosa, Gracias and La Entrada where they get better prices. 

There is a low level of organisation and low confidence in their own power to solve communal 
problems. (ALIADO, 1996, p.17, 18) Th ere are a few forms of organisation important for the 
production of coffee in the research area. There is the collaboration of IHCAFE and PROLESUR to 
help and train the coffee producers in the area. Furthermore, there is the department of APROCAFEH 
that aims at improving the infrastructure. Since 5 years there is one cooperativa in Gualcinse 
(COSAGUAL) 19

• It was established to get better prices for the coffee. The quality ofthe coffee ofthe 
area is considered to be quite good, but the prices they get (mainly of the intermediarios) lag behind. 
The cooperativa has organised about 180 producers who sell part of their coffee via the cooperativa. 
The total production ofthe cooperativa in 1997/1998 was 56,856 kg dry parchmenr0

. The cooperativa 
commercialises the coffee and exports directly, without the intervention of intermediarios or 
exportadores. They have special contracts with among others Max Havelaar. They produce quality and 
get considerably higher prices. The only condition the producers have to meet is a certain quality of the 
coffee. A huge disadvantage of selling via the cooperativa is that the producers get their two or three 
months after they actually delivered the coffee. This is the reason why most producers only sell part of 
their coffee via the cooperativa, they need the cash directly. 
The producers have to deliver their coffee as dry parchment, because the cooperativa does not have 
financial means to build its own processing plant, but also because of the bad infrastructure, which is 
considered to be the biggest problem. This forces the producers to dry their coffee completely, because 
they cannot go to the cooperativa every day. Furthermore, they think it is better to expand this 
cooperativa rather than to establish another one in the region. 

So, we can say the bad infrastructure and the bad price mechanism (low prices and quality does not 
improve prices, except in the cooperativa) are the biggest problems in the region. 

Conclusions 

local production size less than 0.3% oftotal national production 
in the local coffee sector 90% of the producers are small producers 
locally most producers dry their coffee up to about 15% (nearly dry parchment), 
so the level of processing in the region is relatively high (nationally a level of 
40% is normal) 
intermediarios have a monopoly in determining prices; they determine their own 
prices which are lower than the prices in accessible areas 
the producers have a Iow level of organisation and low confidence in their own 
powerto solve communal problems 
improving quality (by improving drying technologies) does not yield more profit, 
except in the cooperativas 
the bad infrastructure and the bad price mechanism are thê biggest problems in 
the region 

19 Key persons ofCOSAGUAL consulted: Reyes, Perez and Morales. For more details key persons see Appendix I 
20 I ,236 bags of I Quintal ( 46 kg) = 56,856 kg 
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3.2 Local infrastructural and geophysical system 
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The road system in Lempira is very bad. For a map of 
the complete road system in Lempira see Appendix 3. 
The are no paved roads in the research area. Some of 
the villages in the research area are not connected 
with the main road. They cannot be reached by car. 
You have to walk for e.g. two hours on the caminos, 
or walking paths to reach the village. The main road 
through Lempira is in bad condition and there is 
hardly any maintenance. Only (piek-up) trucks are 
able to pass and in the rainy season it is hardly 
passable. (ALIADO, 1996, p.18) The side road to 
Santa Tomás is in relatively good condition. The 
caminas to the villages are not maintained and 
therefore are difficult to access by men or animals. 
For most households (about 90%21

) the only means of 
transportation is by foot or anima!. Some have piek
up trucks. Once per day there is a truck to Gracias that 
takes people for a fee. For the rest hitch-hiking is the 
only way of transport to bigger towns like Gracias, 
the capita! of Lempira. From Gualcinse it takes three 
hours to Gracias by car with good weather conditions. 
The vast majority of the households in the research 
area have access to water systems. There is no access 
to an electricity grid. In Gualcinse they are 
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constructinga grid which should work within a few years. There is no telephone in the research area. In 
Gualcinse there is a telegraph and postal service. 
In the research area there is no industry and no technica! workshops. The Iabour available is mainly 
unskilled. 

The research area is characterised by high mountains and steep slopes, difficult terrain for agriculture. 
See Appendix 3 for an altitude map. The rugged landscape makes it difficult to construct smooth 
patios. According to Dalziel (1997, p.18), the solar insolation in Honduras is about 5.2 kWh/m2 per 
day. During the harvest season in Lempira (December- February), the general weather conditions are 
little rain, but quite foggy and windy. Most farmers complain of Jack of sun to dry their coffee on the 
patios. 
Actually, at national level there is an energy crisis (the hydro-electric plants do not generate sufficient 
energy because of scarcity of water). Th is does not, however, affect the research area because there is 
no electricity grid anyway. Another facet of the energy crises is the high price of petroleum, but that 
does not affect the research area neither, for there are hardly any small producers using gasoline. 

Conclusions 

the road system in Lempira is very bad (no paved roads,,some of the villages 
cannot be reached by car) 
for most households (90%, see footnote 21, page 30) the only means of 
transportation is by foot or animal 
the vast majority has access to water; there is no access to electricity 
there is no industry and no technica! workshops; Iabour available is unskilled · 
rugged landscape makes it difficult to construct smooth patios 
the solar insolation is about 5.2 kWh/m2 per day 
during the harvest season the general weather conditions are Iittle rain, but quite 
foggy and windy; most farmers complain of lack of sun to dry their coffee on the 
patios 

21 according to key-person Martinez, for more details see Appendix I 
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3.3 Environmental Constraints 
As we will see in paragraph 3.4, there exists a broad 
range of the coffee drying technologies available. 
However, only a few technologies will possibly be 
appropriate. So, the complete range of technologies will 
be delimited by the environmental constraints imposed 
by the international, national and local co.ffee sector 
and the /ocal infrastructural and geophysica/ system. 
Based on the environmental constraints, a first selection 
of about four technologies will be made further on in 
this chapter. These technologies will form the list of 
possible appropriate co.ffee drying technologies for 
further and detailed confrontation with the terms of 
reference. 

From the conclusions of the former paragraphs we can 
derive the environmental constraints. Furthermore, as 
stated in paragraph 1.4, we consider the following when 
making the environmental constraints. In the light of 
the definition of the concept of sustainability, we will 
try to search for alternative coffee drying technologies 
that will enable the growth of the coffee production in 
the region, but with technologies that avoid or at least 
reduce the wood consumption as heat souree in the 
process of dry ing. 

This results in the following environmental constraints: 

Relevant Conclusions 

the local coffee sector exists mainly of small 
producers 

level of processing is relatively high in the 
region; most producers dry their coffee up to 
about 15% (nearly dry parchment) 

the producers have a low level of organisation 
and low confidence in their own power to 
solve communal problems 

bad local infrastructure and price mechanism 

for most households the only means of 
transportation is by foot or animal 

there is no access to electricity 

there is no industry and no technica! 
workshops; Iabour available is mainly 
unskilled 

sustainability of drying process required 

Environment 
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Resulting Environmental Constraints 

low capacity, maximum of I 000 
Quintal dry parchment per year2 

ability to dry up to 15% 

no large or complex 
organisation required 

necessity to dry up to 15% 

no fossil fuels required 
simple materials required 

no electricity required 

fittie knowledge required 

avoid or at least reduce the 
wood consumption as heat 
souree in the process of drying 

22 Sm all producers have maximum production of I 00 Quintal dry parchment per year. In case the producers would dry in a group, 
this should be a small group according toother constraints, let us say maximally 10 producers. This makes a maximal capacity of 
I 000 Quintal dry parchment per year. 
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3.4 Coffee drying technologies available 
According to the definition in paragraph 1.3, the concept 
eajJee drying technologies available is the range of coffee 
drying technologies available within the environment, 
nationally and internationally. The basic drying principles 
are introduced in Appendix 11. Using literature, key
persons and personal observations, a general description 
will be given of the different types of technologies 
available for the drying of coffee. Based on the 
classification of Rozis (1997, p.51), the following types 
of drying technologies will be distinguished: 

• natural convection all-solar drying; 
• forced convection all-solar drying; 
• all-fossil-fuel drying (or: mechanical drying); 

Each of these types will be described shortly in the 
following sections. 

3.4.1 Natura/ conveelion all-solar drying 
An all-solar drying system is one in which only solar 
energy is used to get the moisture out of a product. There 
are several types of all-solar drying (Rozis, 1997, p.51 ): 

• traditional sun drying (without equipment) 
• direct solar dryers (the sun shines directly onto 

the product, through a transparent sheet) 
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• indirect solar dryers (hot air is blown onto the product, which is not in the sun itselt) 
• mixed solar dryers (a combination ofthe two former systems; the product can either be in the 

sun or not) 

For each of these a short description will be given in the following sections. 

Traditional sun drying 
The product is simply laid out in the sun to dry. Radiation from the sun increases the product's 
temperature. Wind and air-movements take away the moisture on the surface ofthe product. 
It is the oldest method used for drying and conserving products. (Oti-Boateng & Axtell, 1993) 

Traditional sun drying for coffee is practised in many places for several reasons (Rozis, 1997, p.20) and 
(Palma & Osorio, 1993, p.46): 
• it is an easy procedure that does not require specialised personnel, so it can be perfectly well 

mastered Iocally; 
• there is noneed for tools or expensive equipment; 
• the souree of energy is for free ; 
• the quality ofthe resulting dry parchment is sufficient. 

Nonetheless, traditional sun drying has some important drawbacks (Rozis, 1997, p.20) and (Palma & 
Osorio, 1993, p.46): 
• one needs huge areas to dry the whole production; 
• it is very time-consuming. The people in charge of this activity spend a lot of time preparing, 

manipulating and protecting the product; 
• the process requires a lot of Iabour; 
• it is highly dependent on elirnatic conditions, especially rainy seasons give bad results; the fact is 

that especially in the harvest season (in Lempira from december until february) there is little sun; 
• when the floors used for drying (mostly concrete floors are used (patio)) do not have uniform 

surfaces, cracks and bumps will occur which will peel the parchment; 
• the costs to construct good floors to dry on (for example concrete) are pretty high. Often this has to 

do with the rough landscape. 
• it offers no proteetion against pests. Drying a product in the open air with no efficient proteetion 

means it is exposed to all sorts of attacks from pests (rodents, insects), but in the case of the drying 
of coffee especially bigger animals (cows, pigs, horses) will damage the coffee. 
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There do exist some disadvantages for traditional sun-drying in genera!, but which are no 
disadvantages in the case of coffee. For fruits and vegetables is stated (Rozis, 1997, p.20) that the 
biologica! content of the resulting product, as weii as its sometimes mediocre aspect, taste and smell, 
are not very satisfactory. For coffee however, direct exposure to sun-rays has positive effects on the 
quality of the dried coffee according to Cleves (1998, p. 70) and Pineda and Flores23

• 

For the drying of coffee, the traditional sun-drying is widely used in the South of Lempira, Honduras. 
The method they use is the so-called patio. It is a concrete tloor in the open air, see Figure 8. The 
concrete tloors are cast about I 0 cm thick and have a slight slope to drain off the rain water. Th ere are 
cases known in Colombia where a transparent cover is set permanently over the drying produce, with 
all sides open to ambient air. (Brace Research Institute, 1975, p.A-2) 
The concrete will serve as a buffer for the heat to raise the amount of heat added to the coffee. lt is 
important the patio has a smooth surface. The smoothness wil'l prevent damage while moving the 
coffee. 
In case of bad weather or during the night, there are two possibilities, put the coffee in plastic bags, or 
put plastic sheets all over the patio. The Jatter method is used by the bigger producers and hardly seen 
in Lempira. The plastic sheets are too expensive and difficult to buy by small producers in Lempira. In 
Lempira the coffee is put in plastic bags and put inside the house. 
To dry the coffee homogeneously, it is important to move the coffee regularly, for example every hour. 
In Lempira this is done manually with wooden sticks (see also Figure 8). 

2 

Figure 8: l)Patio; 2)moving of eajfee with waoden sticks; 3)patio with waoden stick 

Another kind of sun-drying in Lempira, hardly used however, is manteado (see Figure 9, next page). 
This is a plastic screen, put on the tloor in the case there is not enough area of patio available. 
According to the coffee-producers, this way of drying is not recommendable because of the bad quality 
ofthe parchment driedon the manteado. 

23 Pineda, C. (IHCAFE) and Flores, J. (PROLESUR). Key persons, see also Appendix I. 
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Figure 9: Manteado (plastic screen, put on thejloor) 

Another type of sun-drying, which is however less traditional, is the zaranda. A zaranda is a metal wire 
netting put on a wooden frame. The mesh ofthe netting should be slightly smaller than the diameter of 
the coffee beans (about a cuarter of an pulgada2

\ (CADERH, Delermina las Condiciones del Secado, 
I 990, p.7)). As can beseen in Figure 10, the zaranda is put on legs, in order to Iet air flow beneath the 
wire netting. The difference with the patio and the manteado is the ventilation. Ventilation by wind 
takes place not only on the surface ofthe layer ofbeans, but also undemeath this surface. 
The zaranda is easy to use. During the night or in case of bad weather, the zaranda is simply replaced 
undemeath a shelter. To make them easy to handle, a zaranda should not be bigger than 2m long and 
Im wide (CADERH, Delermina las Condiciones del Secado, 1990, p.7). The zaranda is mostly used 
for pre-drying. According to Meinders25 it is the fastest, cheapest and cleanest way to dry up to 30%. 
In some cases (especially the bigger producers) the zaranda is not used to dry but to remove remained 
pulp. (Palma, I 995, p. I 50) 

Figure JO: Zaranda 

Direct solar dryers 
Solar drying is a method to efficiently take advantage of the solar energy and the natural convection 
(ICAITI, Secadores Solares para Fruta, I 989, p. I I). In direct sol ar dryers the product is placed 
directly under a transparent sheet (glass, plastic), mostly by placing it on zarandas. The process is the 
same as in the case of traditional sun-drying, only the air and the product reach a higher temperature 
because of the greenhouse-effect, and because of the Iimited air-movements inside the dryer. (Rozis, 
I 997, p.5 I) In Appendix I I a detailed description ofthe fundamentsof solar drying is given. 
In literature we find that especially in Colombia (Brace Research lnstitute, 1975, p.A-2) and in Brazit 
(according to Hipp26

) the direct solar dryer is used for the drying of coffee. According to Secadores 
solares parafruta (ICAITI, 1989) the major technica! drawback ofthe solar dryers is the short lifetime. 
An example of a direct solar dryer is shown in Figure I I on the next page (the model Carpa is shown). 

H I pulgada = I inch= 25 .40 mm 
" Meinders, D. Key person, see also Appendix I . 
'" Hipp, producer in Santa Barbara that uses a sol ar dryer, Key person, also see Appendix I. 
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Figure ll:Direct solar dryer (Carpa) 

Indirect solar dryers 
In this case the air is heated by a collector, which can be separated from the drying chamber. The 
product stays in the shade, out of the sun-rays. It is therefore not heated by the sun directly. Drying 
takes place through an exchange of moisture with the hot air. (Rozis, 1997, p.52) An example of an 
indirect solar dryer is shown in Figure 12. For coffee, however this type of dryer is not used, mainly 
because the temperature is lower than in direct dry ers. On top of that, the coffee is not directly exposed 
to the sun rays. But as we have seen before, direct exposure to sun-rays has positive effects on the 
quality of the dried coffee according to Cleves (1998, p.70) and Pineda and Flores27

• This makes 
indirect solar dryers not very attractive for the drying of coffee. 

PJy wood va•d- tor 

Body of O"Y*' 

'' ~ i 

Vent 

Figure 12: Drawing of indirect solar dryer 

Mixed solar dryers 
The mixed solar dryer is a combination of the former two systems. It can be a direct solar dryer in 
which the heating of the air is boosted by a collector. Or it can be a indirect solar dryer with a drying 
chamber that has transparent covers. This means that at least part of the contents will be directly 
heated. In all cases however, we meet partly the same kind of disadvantages as we found for the 
indirect solar dryers. 
A drawing of a mixed solar dryer (model Wengert) is shown in Figure 13 on the next page. 

27 Pineda, C. (IHCAFE) and Flores, J. (PROLESUR). Key persons, see also Appendix I. 
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Figure 13: Mixed solar dryer (model Wengert) . A bout 8 shelves can be placed inside. 

3.4.2 Forced convection a/l-so/ar drying 
Th is system helps accelerate the extraction of the moisture. The system is equal to the all-solar-drying 
systems, only the flow of air is strengthened by a fan. Th is can be done using a combustion-engine or 
an electric one. The Mesoamerican Development Institute (1995) describes an indirect solar dryer for 
coffee, using photo-voltaic energy as energy souree for electric fans . 
A scheme ofthe collector this type of dryer is shown in Figure 14. 

Pholovoftai c 
panels 

Controller 

Fan 
box 

Sol ar colleetor 

Figure 14: Scheme ofthe collector of aforced conveelion a/l-so/ar dryer 

3.4.3 All-fossil-fuel (or Mechanica/) drying 
In this type of drying, no solar energy is used. This type of drying is also called mechanica/ drying 
(Rozis, 1997, p.52). The basic element in the mechanica) drying is the heated air which is mechanically 
forced through the Ioad of coffee. Fossil fuel provides the thermal energy for heating up the air. The 
thermal energy necessary is obtained inside an oven by combusting one or more of the following 
sources: wood, cascarilla (thin husks of dry parchment), carbon, derivates of petroleum (diesel e.g.) 
and sametimes biomass like bagazo de caiia (sugarcane waste). Also electrical energy is used. In 
general there are two types of mechanica} dryers used in Central Am erica: horizontal ( Guardiola), and 
more recently the vertical type (columnar) . This type is quite popular because of the reduced space 
necessary and the higher efficiency. (Cieves, 1998, pp. 70-l 09) and (Mesoamerican Development 
Institute, 1995, p.46) In Figure 15 on the next page a picture is shown of a vertical mechanica! dryer of 
industrial scale. 
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Figure 15: Vertical mechanica! dryer (industrial scale) 

The capacity of mechanica! dryers is very big compared with the more traditional methods. To give an 
idea, the horizontal Guardiola 16' * 6' has a capacity to dry 143 kg dry parchment per hour (3.1 
Quintal/h); the vertica1 Berico 940 (discontinua) has a capacity to dry 894kg dry parchment per hour 
(19.4 Quintal/h). (Cleves, 1998, p.86) So, these machines are able to dry in a few hours the complete 
yearly production of a small producer.28 Mostly, the mechanica! systems are being used by beneficios, 
exportadores and big cooperativas. One important thing should be mentioned here. The drying of 
coffee is part of large chain of processes. So, if you consider to implement a mechanica! dryer, you 
should realise that it is part of this chain and that it is necessary to adopt it to the processes prior and 
after the drying as well. In practice this means that you will also need among others a despulpador (to 
remove the pulp) and a storage silo with the same capacity. 

3.5 Resulting list of possible appropriate 
drying technologies available 

Based on the list of environmental constraints (see 
paragraph 3.3 or Table 6 on the next page) we will 
de limit the range of coffee drying technologies from the 
former paragraph. 
Accept the ability and necessity to dry up to 15%, the 
al/-fossil fuel dryers or mechanica! dryers do not meet 
any of the other constraints. Their capacity amply 
exceeds a maximal capacity of 1000 Quintal per year. 
The mechanica! dryers have a huge capacity compared 
to the production of individual small producers. This 
means that in order to use a mechanica! dryer, this 
could only be in a organisation of hundreds of 
producers. 
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!it>l:IIHXI ..... ImiC 

requircnu:nb 

Temlsnfrcfercncc 
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: ____________________ l_ -- - -~~~:::i:·~~:· ::~r:::·~:·~- _____ : 
, ............. .i ............... . 
: (~limuluppn•priuh:culli:cllryin~ ! 
! tcdmnlu~v 101 rsmull rurul ! 
! r>tu..!uccrMinthcSuuthnfl.empiru. ! 
···············r ··············· 
.-------------.-------------------, l DiiTu.•innnlt~lim•l •rornorriut c : 
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2
' According to the definition in paragraph 1.3, a smal! producer produces Ie ss than I 00 Quintal per year. 
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Table 6: Resulting environmental constraints 

Environmental Constraints 
low capacity, maximum of 1000 Quintal 
dry parchment per year 
ability to dry up to 15% 
no large or complex organisation required 
necessity to dry up to 15% 
no fossil fuels required 
simple materials required 
no electricity required 
little knowledge required 
avoid or at least reduce the wood 
consumption as heat souree in the process 
ofdrying 

Source: Paragraph 3.3 

Environment 

This requires relative complex organisations, which is impossible according to the constraints. 
Furthermore, mechanica! dryers require fossil fuels (especially wood) and electricity, they require 
complex materials, and last but not least, they require considerable specific knowledge. Therefore, the 
mechanica/ dryers wiJl be eliminated from the list of possible appropriate drying technologies 
available. 

Also the group of forced conveelion all-solar dryers wiJl be eliminated. According to the 
Mesoamerican Development Institute ( 1995, p.15) this kind of dryers can be built for low capacity and 
still could be economically feasible for producers of less than I 00 Quintal dry parchment. So, a large 
organisation would not be necessary. Furthermore, no fossil fuels or electricity are required. The 
problem will be that this type of dryers is still in experimental phase and photo-voltaic energy as 
energy souree for electric fans is an unknown process in the region. It is therefore obvious that among 
the producers and within the project there will not be sufficient knowledge available to make this type 
of dryers appropriate. 

So, in this research we concentrate on the first type, natura/ conveelion all-solar clrying. Also 
according to PROLESUR this type of drying has the highest potential for Lempira Sur (because of low 
investment and material requirements). Ofthis remaining group of technologiescan be said they fit the 
constraints, so the selection will be basedon this group. 
The first technology that will be selected for further analysis is the actually used technology, the patio. 
This technology will function as a reference for the alternative technologies. The patio is a simple 
technology which is used on wide scale in Lempira. In fact, at the moment it is the only technology 
used to dry coffee in the research area. 
The first alternative selectedis the zaranda. This technology is also ofthe type traditional sun-drying 
and quite simple, as the patio, and according to different coffee institutions like IHCAFE it improves 
quality, but dries slower. In a.o. Colombia and Nicaragua it is more commonly used. The other 
alternative of traditional sun-drying we have seen in the former paragraph is the manteado, but 
according to the coffee-producers, this way of drying is not reeommendab Ie because of the bad quality 
ofthe parchment driedon manteado. 
Next to the sun drying technologies, also solar drying technologies will be investigated. In the former 
paragraph we saw that direct solar dryers are best for the drying of coffee, because direct exposure of 
the coffee to the sun is highly recommended. We have found two different types suitable for the 
research. Taking into account the constraints, the dryer should be built of simp Ie materials and easy to 
construct. In Secadores Solares para Fruta (ICAITI, 1989), we find that the Carpa is a direct solar 
dryer which is used on small scale in Guatemala, El Salvador and Costa Rica to dry fruits and 
vegetables. The model is developed in the 1980s in Guatemala by the institute ICAITI. They conducted 
several experiments with fruits and it functions quite wel!. Among the many types of direct solar dryers 
the Carpa seems quite easy to construct and there is a manual available in spanish. According to 
specialists of IHCAFE this model could as well be used to dry coffee on a small scale. So, the Carpa 
wiJl be selected. 
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Another direct solar dryer we will investigate is the IHCAFE dryer which is has bigger dimensions. 
The model of the IHCAFE dryer is based on the idea of a larger coffee producer in the department 
Santa Barbara (Hipp29

) and on dryers in Brazil. We selected this dryer partly because ofthe interest of 
IHCAFE to compare the IHCAFE dryer with the Carpa. 
Because simple materials are required, no dryers with glass are selected. Furthermore, we have to 
mention that zarandas are used to place the coffee in the solar dryers and therefore are part of the solar 
dryers. So, the zarandas can be used solely and as part ofthe solar dryers. 

This results in four possible appropriate coffee drying technologies that will be 
evaluated in Chapter 5 (see also Figure 16): 

Patio 
Zaranda 
Carpa 
IHCAFE dryer 

We want to stress the fact that these four technologies contribute equally towards the last constraint 
(avoid or at least reduce the wood consumption as heat souree in the process of drying) and therefore to 
the concept of sustainability as stated in paragraph 0.5. Accordingly, this concept will not be 
considered in the remaining part of this research. 

Patio Za rand a 

Carpa Carpa 

IHCAFE-dryer !HCAFE-dryer 

Figure 16: possible appropriate eajJee drying technologies: Patio, Zaranda, Carpa, IHCAFE-dryer 

2
'' Hipp, key-person, see Appendix I 
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3.6 Conclusions 

Taking a look at the theoretica! model we can see 
that the variables International, national and /oca/ 
eajJee sector and the Local infrastructural and 
geophysical system are not surrounded by a box, 
which means they influence all variables in the 
model, not just the environmental constraints. 
Therefore, we do not yet know exactly which ofthe 
following conclusions will be used. In the Fina/ 
Conc/usions and the Recommendations we will 
con si der them again. 

The international coffee sector (see paragraph 3.1.1) 
within Central America Honduras plays a 
reasonably role (16%) in the coffee sector, 
globally however its role is marginal 
(2.6%) 
international coffee market is subject to 
frequent and strong fluctuations (cycle of 4 
years, changes in price of 100% per year) 
since 1992 there is an average rising trend 
in prices (22% per year) 
international prices affect the whole coffee 
sector up to the smallest producers 
price for Honduran coffee is low because 
of international reputation of bad quality 

The national coffee sector (see paragraph 3.1.2) 

Environment 
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coffee is the most important export product which is in hands of Hondurans ( 15% of total 
exports) 
the production of coffee has a great geographical and social importance 
the production of coffee is mainly brought forth by small and medium producers and is 
relatively democratised (the smalland medium producers constitute 98% ofthe total and cover 
82% ofthe area in production) 
national trend in coffee production is upward (since 1962 about 3% per year), except for last 
year because ofhurricane Mitch 
the principal chain of commercialisation is: primary producers- intermediarios- exportadores 
in spite of the fact that the profitability is directly related with the level of processing, in 
general the level of processing performed by the producer himself is minimal (dry only up to 
40%) 
actually a low level ofknowledge but possibilities to receive training are rising 
vast majority of producers (98%) does nothave consistent business organisations 
the fluctuating (low) international prices, inefficient drying technologies, Jack of organisation, 
the bad quality of the coffee and the bad road network are the biggest problems the sector 
faces 

Local coffee sector in the region surrounding Santa Tomás, Lempira (see paragraph 3.1.3) 
local production size less than 0.3% oftotal national production 
in the local coffee sector 90% of the producers are small producers 
locally most producers dry their coffee up toabout 15% (nearly dry parchment), so the level of 
processing in the region is relatively high (nationally a level of 40% is normal) 
intermediarios have a monopoly in determining prices; they determine their own prices which 
are lower than the prices in accessible areas 
the producers have a low level of organisation and low confidence in their own power to solve 
communal problems 
improving quality (by improving drying technologies) does not yield more profit, except in the 
cooperativas 
the bad infrastructure and the bad price mechanism are the biggest problems in the region 

40 



Chapter 3 Environment 

Local infrastructural and geophysical system (see paragraph 3.2) 
the road system in Lempira is very bad (no paved roads, some of the villages cannot be 
reached by car) 
for most householcis (90%) the only means oftransportation is by foot or animal 
the vast majority has access to water; there is no access to electricity 
there is no industry and no technica! workshops; Iabour available is unskilled 
rugged landscape makes it difficult to construct smooth patios 
the solar insolation is about 5.2 kWh/m2 per day 
during the harvest season the general weather conditions are little rain, but quite foggy and 
windy; most farmers complain of lack of sun to dry their coffee on the patios 

The following four possible appropriate coffee drying technologies wil! be evaluated in Chapter 5 (see 
paragraph 3.5) 

Patio 
Zaranda 
Carpa 
IHCAFE dryer 

These four technologies are equally sustainable. 
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4 Terms of reference 

In the first paragraph of this chapter the Technological 
requirements will be described. In the second paragraph 
the Socio-economie requirements are described. In the 
third paragraph all these requirements will be 
summarised into a list of terms of reference for the 
coffee drying technology. 

4.1 Technological requirements 

In Appendix 6 we find the questionnaire (including the 
code-book) for the technological requirements. In 
Appendix 8 we find the results. The first five questions 
are just to identify the respondents and to control the 
sampling frame. We have seen and discussed these 
results in paragraph 2.2, Table 3. One special remark 
should be made. Respondent number 2 produced more 
than I 00 Quintal dry parchment last season ( question 
9). According to the definition for the research 
population30 this producer could be omitted from the 
research population. However, because his average 
production of last season and this season was exactly 

{I!I!Jimd: 

I 00 Quintal, this respondent was taken up in the research population. 

Terms o(reference 
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For question 10 and 11 we did not receive a single answer, which means none of the respondents 
produces in a group. Therefore, also for question 31 and 32 no answers were received. These four 
questions will be omitted from the analysis. 
Furthermore, 25 respondents (89%) actually do have a patio and 3 respondents (11 %) actually do not 
have a patio. 

The first aspect, the output, gave the following results. From question 6 and 7 we find that 93% sells 
their coffee as dry parchment and dries up to 15% humidity or less. One ofthe respondents (4%) does 
notdry and sells its coffee as fresh cherry. One ofthe respondents (4%) sells its coffee as fresh cherry, 
washed or as dry parchment and so does nothave a fixed humidity up to which he dries. 
We will combine the results of question 8 and 9. The coffee production of this year was very bad and 
last year very good. We took the average of this year and last year, because the production shows 
strong fluctuations . The average production was 24 Quintal (dry parchment) per year over these two 
years . Further on in th is paragraph, this will be used as a basis for the total yearly quantity that has to 
be dried. 
From questions 12 and 13 we find that only 5 respondents (18%) produce other products than coffee 
for sale. These products are guineo (kind of banana), papa (potato), repallo (white cabbage), mals 
(maize), frijoles (beans), rabanos (radish) and ganado (cattle). All of these products were mentioned 
only one time. Most interesting are maize and beans because these products have to be dried as well. 
One remark should be made here. As we will see further on in this paragraph ( question 19), 60% of the 
respondents with a patio also dries maize and one respondent (4%) also dries beans, but from question 
13 we learn that only one respondent (4%) dries maize and beans for commercial ends. So, the vast 
majority dries these products just for own use, not for commercial use. 

Table 7: Same results for the output 

Question N Answer Percentage 
4 Do you actually have a patio? 28 Yes 89% 
6 How do you sell your coffee? 28 Dry parchment 93% 
7 Up to which humidity do you dry? 28 :5:12:5:15 93% 
12 Do you produce other products than coffee for sale? 28 Yes 18% 
Source: Appendix 8 

'" The coffee producing households, with a maximal production of 100 Quintal dry parchment per year, in the aldeas covered by 
the regional office ofPROLESUR in Santo Tomás (see paragraph 2.1) 
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So, the output imposes the following technological requirements on the drying technology. 

we can say quite firmly that the drying technology should be ab.le to dry up to 
15% or less so the producers can sell their coffee as dry parcfunent (93% actually 
dries to less than 15% and se lis dry parchment, see questio~ 6 and 7) 
it will be an advantage if the drying technology can dry maize and beans as well, 
be it only for own use (not commercial use) 

The second aspect, the input, gave the following results. From questions 14 and 15 we find that 24 
respondents (86%) produce India, 16 respondents (57%) produce Caturra and only one respondent 
(4%) produces another species of coffee, IHCAFE '90. According to Pineda31 this species has the same 
drying characteristics as India and Caturra. 
From questions 16 we find that the average collection on one day is 19 galón of fresh cherry, which 
equals 1.5 Quintal dry parchment.32 We should make the remark that this collection is not done daily, 
but only about three or four times each month. Anyway, this means the drying technology should be 
able to dry an average of 1.5 Quintal dry parchment per batch, with extremes of 2 to 40 galón, or 0.2 to 
3 Quintal dry parchment. 
From question 17 we find that only 3 respondents (11 %) buy fresh cherry from other producers. 
Further on in this paragraph, this wiJl be added to the total yearly quantity that has to be dried. 

Tab ie 8: Same results for the input 

Question 
14 Wh at kind of coffee do you produce? 

17 Do you buy fresh cherry of others producers for drying? 
Source: Appendix 8 

N Answer 
28 Indio 

Caturra 
28 Yes 

So, the input imposes the following technological requirements on the drying technology. 

the drying technology should be able to dry the species India and Caturra 

Percentage 
86% 
57% 
11% 

the drying technology should be able to dry an average of 1.5 Quintal dry 
parchment per batch, with extremes of 0.2 and 3 Quintal dry parchment ··· 

The third aspect, the production process, gave the following results. Question 19 to 32 are only 
applicable for respondents that actually have a patio. From question 4 we found that three respondents 
(11 %) actually do nothave a patio. These respondents will be omitted from the analysis for question 19 
to 32. 
From question 19 we find that 15 respondents (60%) do dry other products on their patio. As we can 
see in Appendix 8 (question 20) in all cases this is maize. Some other products are mentioned, semi/la 
(seed), ayote (kind of vegetable), maicillo (sorghum) andfrijoles (beans). From question 21 we find 
that these products are dried in different months; 2 respondents (13%) dry in october, 2 respondents 
(13%) dry in november, 9 respondents (60%) dry in december, 8 respondents (53%) dry in january, 4 
respondents (27%) dry in february and one respondent (7%) dries in the period march - september. 
This means that the patio is used for other products than coffee during the harvest period for coffee, 
especially in december and january. According to question 22, with 10 respondents (67%) the drying of 
these products does actually interfere with the drying of coffee. In only 3 cases (30%) this interference 
gives problems, according to question 23 . 

Two respondents did not know the dimension of their patio, so they have to be omitted in the analysis 
of question 24 to 27. From question 24 we find that the average dimension of the patios is 59 m2

• An 
average of 5 Quintal dry parchment can be put at this surface, according to question 25. This makes 
that according to the respondents an average of 5159 = 0.08 Quintal dry parchment can be put on 1 
square metre patio. 

" Pineda, C. (IHCAFE). Key-person, see also Appendix I. 
n 13 gallon fresh cherry equals I Quintal dry parchment 
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From question 26 we find that 8 respondents (35%) find the dimension oftheir patio sufficient, and 15 
respondents (65%) do nothave sufficient patio surface. The average extra surface the latter group needs 
is 49 m2 according to question 27. Respondent number 9 was omitted from this average. He gave the 
answer 132m2 for question 27. Summed up with the 18m2 he already has (question 24) this would 
make 150 m2 for an average production of 18 Quintal dry parchment per year. This answer is 
unrealistic33 and will be omitted from the analysis. 
These results, from question 24 to 27 will be used in the financial analysis of the technologies 
available, in paragraph 5.3. 

According to question 28, four respondents (16%) say their patio is used by other producers, too. In all 
cases this is family according to question 29. The average extra amount of coffee to be dried is 48 
Quintal dry parchment, according to question 30. We will now calculate the total quantity of coffee that 
should be dried. This the coffee produced by the respondents themselves (the average of question 8 and 
9), the coffee they buy in fresh cherry from other producers ( question 17 and 18) and the coffee from 
other producers that is dried on the patio of the respondent (question 28, 29 and 30). Th is results in 
column 30a in Appendix 8. We find an average of 32 Quintal dry parchment. Assuming that all 
producers would dry their coffee up to 15% or Jess (dry parchment), this is the amount that should be 
dried per year by the drying technology. The extremes are 2 and 160 Quintal dry parchment. This 
means the population is very diverse concerning the total amount of coffee to bedried per year. 

Table 9: Some resultsfor the production process 

Answer Percentage 
19 Do you dry other products than coffee on the patio? 25 Yes 60% 
21 lf"yes" when do you dry these products? 15 October 13% 

November 13% 
December 60% 
January 53% 
February 27% 
March -Sept 7% 

22 I f "yes" is there interference with the drying of coffee? 15 Yes 67% 
23 If there is interference, does this give any problems? I 0 Yes 30% 
28 Are there more producers that use your patio? 25 Yes 16% 
Source: Appendix 8 

So, the production process imposes the following technological requirements on the drying technology. 

the drying technology should be able to dry other products as well, in particular 
maize 
it will be an advantage ifthe drying technology can handle the interference ofthe 
drying of the different products with the coffee, especially in december and 
january 
the drying technology should be able to dry an average of 32 Quintal dry 
parchment per year, with extremes of2 and 160 Quintal dry parchment per year 

4.2 Socio-Economie requirements 

In Appendix 7 we find the questionnaire (including the code-book) for the technological requirements. 
In Appendix 9 we find the results. From question 47 we find that none ofthe respondents produces in a 
group. This means questions 48, 49, 50 and 51 are omitted from the analysis. Furthermore, three 
respondents do actually not have a patio and were therefore omitted from the analysis of question 33 
through 37. 

31 Contirmed by Pineda; key-person IHCAFE (see also Appendix I) 
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The first aspect of the socio-economie requirements, the actual problems according to the research 
popu/ation gave the following results. 
Question 33 was an open question. From the different problems we found in the answers we distilled a 
list of key-words. In Table 10 we find those key-words and the percentage of respondents that 
mentioned the different key-words. Of the 25 respondents, 72% mentioned ra in as a problem. Because 
of the threat of rain samebody has to take care of the weather constantly. In case of rain the coffee has 
to be put in bags and placed inside. During the rain you cannot dry and after the rain you have to wait 
up to one day until the patio is dry again. 

Table JO: Results question 33 

Key-words of problems 

Ra in 
Lack of capacity 
Wind 
Low temperature 
Animals 
Moving of coffee 
Landscape 
High initia! investment 
Robbery 

Source: Appendix 9 

Percentage of 
respondents 

(N = 25) 
72% 
48% 
24% 
16% 
16% 
8% 
4% 
4% 
4% 

The lack of capacity to dry the coffee was mentioned by 48% ofthe respondents. This results in a thick 
layer of coffee on the patio or compels the producer to put wet parchment in a bag. In both cases 
fermentation can be the result. Wind was mentioned as a problem by 24% of the respondents. 
Especially El Norte (strong wind from the north) causes problems. lt blows away the coffee that is 
already quite dry and it pollutes the patio and therefore the coffee with dirt. 
The low temperafure was mentioned as a problem by 16% of the respondents. Caused by Jack of 
sunshine, the low temperature slows down the process of drying. Animals were mentioned by 16% of 
the respondents as a problem. Especially chickens, pigs, cows and mules can walk freely on the patio 
and pollute the surface and the coffee itself. The moving of coffee3~ was mentioned by 8% of the 
respondents. By moving the coffee on the patio the bean or the small husk can burst and degrades the 
quality. 
The rocky and savage landscape was mentioned as a problem by one respondent (4%) because of the 
difficulty to build a patio with sufficient flat area. Furthermore both the high initia! investment of a 
patio and the robbery of coffee from the patio are mentioned once (4%) by the respondents. 
To determine the order of importance of the different problems we will use the number of 
respondents that mention a eertaio problem. Therefore, we will use the percentages in Table 10 
as weigh-factors for the importance of the different probierus (indicated by key-words). We did 
not ask the respondents directly to give a ranking to the probierus in order to avoid the courtesy 
bias. 

From question 34 we learn that 6 respondents (24%) say there does not occur any damage during the 
process of drying; 19 respondents (76%) say there does occur damage during the process of drying in 
the form of fermentation of the parchment. There exist two causes for the fermentation. Fermentation 
occurs when wet parchment is put in a bag forsome reason (e.g. rain) or when the layer of parchment 
on the patio is too thick, so that the beans on the lowest level of the layer can ferment. According to 
one respondent drying on a zaranda is a salution for fermentation. 
Furthermore, 3 respondents (12%) say there does occur damage in the form of dirt because of wind and 
animals. And 2 respondents (8%) say there does occur damage in the form of bursting of the thin skin 
(cascarita) of the parchment. Especially when the parchment is "quite dry already", the skin might 
burst because of the moving of the coffee on a patio with a rough surface or because of animals. Th is 
burst skin decreases the quality ofthe parchment. 

>< To dry the coffee evenly, the beans have to be turned around every hour. This is generally done by using a wooden rake. 
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So, the new drying technology should deal with fermentation, dirtand bursting ofthe skin. Some ofthe 
problems of question 33 have direct relations with the damage of question 34. These relations are 
represented in Table 12. 

Table 11: Results question 34 Table 12: Relation between question 33 and 34 

Problem > Kind of damage Key-words of 
damage 

Percentage of 
respondents 

(N=25) 
Fermentation Dirt Burst skin 

No damage 
Fermentation 
Dirt 
Burst skin 
Source: Appendix 9 

24% 
76% 
12% 
8% 

Ra in 
Lack of capacity 
Wind 
Low temperature 
Animals 
Moving of coffee 

Source: Question 33 and 34 

+ 
+ 

+ 
+ 

+ + 
+ 

From question 35 we leam that from the producers that do have a patio and did say there occurs 
damage in the dying process (see question 34), 7 respondents (37%) could not give an estimate of the 
quantity of the losses because of the damages during the drying process. The other 12 respondents 
(63%) give an average of 22% of their yearly production that is damaged during the processof drying, 
according to question 36. In question 37 we asked what percentage ofthe normal price they get for the 
damaged dry parchment. As we can see in Appendix 9, the results of this question are very diverse. 
Some get nothing for their damaged coffee, others still get 98% of the normal price for their coffee. 
Apparently this depends on the buyer and the degree of damage. 

So, the actual problems according to the research popu/ation imposes the following socio-economie 
requirements on the drying technology. 

in the terms of reference of the drying technology should be taken into account 
the actual problems, weighed by the percentages in Table I 0 
the new drying technology should deal with fermentation, dirt and bursting of the 
skin 
actually an average of 22% of the production is damaged and has to be sold for a 
lower price or cannot be soldat all 

The second aspect of the socio-economie requirements, the actual knowledge of the different 
alternatives available gave the following results. 
In Table 13 we see that in most cases the man (37%) or the whole family (41%) is responsible for the 
process of drying and that in most cases (41% and 44% respectively) they also actually do the 
spreading, moving and recollecting ofthe coffee. We can conclude that the knowledge ofthe drying of 
the coffee is within the family. The workmen do not play an important role. Therefore, we 

Table 13: Results question 37 and 38 

N=27 

Man 
Wife 
Son/daughter 
Whole family 
Workman 

Source: Appendix 9 

Responsible 
(Question 38) 

37% 
11% 
7% 

41% 
4% 

Spread, move 
and recollect 

the parchment 
(Question 39) 

41% 
19% 
15% 
44% 
7% 

can conclude that the knowledge necessary for the drying technology should be understandable for the 
whole family since all are involved in the process of drying. 
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From question 40 we find that only 4 respondents (14%; N=28) think they know anything about asolar 
dryer. One respondent says that just as with a patio, it is necessary to move the parchment regularly 
during the process of drying. One respondent says the solar dryer is faster in drying and cheaper than 
the patio. Another respondent says a solar dryer is faster than the patio and profits from the sun. Finally 
one respondent says the solar dryer profits from the sun. One respondent says he knows what a solar 
dryer is but has shame to explain. Everything they say about the solar dryer is true, except the statement 
that asolar dryer is cheaper than the patio. Th is will be examined later on in this research. 
From question 41 we find that 4 respondents (14%; N=28) think they know anything about a zaranda. 
All four say a zaranda produces cleaner dry parchment, which is true. 
We can conclude that the actual knowledge available of the different alternatives is very low, since 
only 14% ofthe respondentscan teil a small aspect about the alternatives. 

Table 14: Part ofresults questions 40 and 41 

Question N 
40 lf you had to explain to another producer what a solar 28 

dryer is, what would you say? 
41 I f you had to explain to another producer what a zaranda 28 

is, what would you say? 
Source.· Appendix 8 

Answer Percentage 
Do not know 86% 

Do not know 86% 

So, the actual knowledge of the different alternatives available imposes the following socio-economie 
requirements on the drying technology. 

the knowledge necessary for the drying technology should be understandable for 
the whole family 
the actual knowledge available ofthe different alternatives is very low (86% does 
not know anything about the alternatives, see question 40 and 41), which means a 
new drying technology should require very little knowledge and be introduced 
with an adequate training 

The third aspect ofthe socio-economie requirements, the willingness to invest in new technologies gave 
the following results. 
From question 42 ("In spite ofthe disadvantages ofthe solar dryer, do you think it is worthit investing 
in this new technology?") we learn that 25 respondents (89%) think it is worth investing in asolar dryer 
in spite ofthe disadvantages ofthis technology. One respondent says it is not and two respondents said 
they need more information befare they can give an answer. Now let us take a look at question 44, "If 
you would have I ,000 Lempiras, would you prefer to invest in asolar dryer or in a patio?". The results 
of question 44 are eye-catching in comparison with those of question 42. We would expect the same 
answers, but 12 respondents (43%) say they prefer to invest in a patio and the same amount prefers to 
invest in a solar dryer when they get 1000 lps; 4 respondents (14%) do not know, they want more 
in formation first. It is clear the respondents are more reserved when the question handles actually about 
the investment of themselves. So, we can say question 42 suffers from the courtesy bias, the 
respondents give the answer they think is most polite towards the interviewer. They all knew we are 
doing research to alternative drying technologies and therefore the respondents said they think the 
alternatives are best. The indirect question 44 therefore gives more reliable results, and from these 
results we can conclude that there is no significant preferenee for a new technology or the traditional 
technology in case the producer has to do a new investment. 
In question 43 and 45 we asked for arguments. We made a list of key-words for the arguments they 
used. Because question 42 was not viable, the arguments the respondents give in question 43 will not 
be analysed in detail. A fast look, however, does give an indication of what factors they think are 
important. From the results of question 42 it is obvious that the velocity of the drying process is an 
important factor for the producers, since 50% (14 respondents) mention the fact that the solar dryer is 
faster than the patio. 
From question 45 we wil! make a list of factors that are considered important by the respondents. We 
wil! only mention the arguments mentioned at least by 3 respondents (more than 10% of the 
respondents). In Appendix 9 we find the results summarised in Table 15. One remark should be made 
bere. The casts of the technology are mentioned three times in favour of the patio, and one time in 
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favour of the solar dryer, which makes a total of four times or 21% for the argument casts. The costs 
are both the investment costs and the maintenance costs. 
The velocity is the argument mentioned most often. The respondents say it is good to you use the sun 
more efficiently. Sometimes there are only four days suitable for drying (lot of sun), in 

Table 15: Results question 45 

Key-words of 
arguments 

Velocity 
Durability 
Costs 
Maintenance 
Labour intensiveness 
Operation 
Knowledge 
Source: Appendix 9 

Percentage of 
respondents 

(N = 28) 
29% 
21% 
21% 
14% 
14% 
11% 
11% 

this case a solar dryer would just be sufficient. A lso when its cold, the beans will dry more rapidly in a 
solar dryer. The durability is mentioned as a pro for the patio, the traditional drying technology. The 
patio is constructed once and will function for about 10 years without much maintenance, another 
argument mentioned by the respondents. The solar dryer requires a lot of maintenance. The Iabour 
intensiveness is an argument in favour of the solar dryer. Not just during the process, but also during 
the construction a solar dryer is less Iabour intensive. The respondents say it is easier to operate the 
solar dryer. The knowledge about the alternative technology is an argument in favour of the patio, 
because the producers know a lot more about the traditional technology. 
To determine the order of importance of the different arguments we will use the number of 
respondents that mention a certain argument. Therefore, we will use the percentages in Table 15 
as weigh-factors for the importance of the different arguments (indicated by key-words). We did 
not ask the respondents directly to give a ranking to the arguments in order to avoid the courtesy 
bias. 

From question 46 we learn that 26 respondents (93%) use the income from their coffee production as 
souree for new investments. APROCAFEH, the cooperativa (COSAGUAL) and PROLESUR are all 
mentioned once. Neither private nor community banks are mentioned at all. So, we can conclude there 
are no possibilities for financing new technologies. lt should all be paid by the producer's own savings. 

Table 16: Results questions 44 and 46 

Question N Answer Percentage 
44 lf you would have I ,000 lps, would you prefer to 28 

invest in a solar dryer or in a patio? 
Solar dryer 43% 
Patio 43% 
Do not know 14% 

46 What sourees for investment do you use? 28 lncome production 93% 
Cooperativa 4% 
APROCAFEH 4% 
PROLESUR 4% 

Source: Appendix 8 

So, the willingness to invest in new technologies imposes the following socio-economie requirements 
on the drying technology. 

there is no significant preferenee for a new technology (43%) or the traditional 
technology (43%, see question 44) in case the producer has to do a new 
in vestment 
in Table 15 we find the arguments producers will use when choosing a new 
technology for investment (with corresponding percentage of respondents that 
mentioned the argument; these percentages will be used as weights) 
there are no possibilities for financing new technologies; it should all be paid by 
the producer's own savings 

49 



Chapter 4 Terms o(re(erence 

The fourth aspect of the socio-economie requirements, the possibility to organise the smal/ eajfee 
producers gave the following results. 
From question 47 we leam that none of the respondents does actually produce in a group. Therefore 
questions 48 through 51 will be omitted from the analysis. From question 52 we learn that 16 
respondents (57%) do participate in any other form of organisation concemed with the production of 
coffee. From question 53 we leam that from these respondents, 5 respondents (31%) mentioned 
PROLESUR, 3 respondents (19%) mentioned the cooperativa (COSAGUAL). Some respondents 
mentioned APROCAFEH, but as we saw in paragraph 3.1.3, this organisation does not actually 
interfere with the production, only with the impravement of the infrastructure in favour of the coffee 
production. 

From question 54 and 55 we learn that 15 respondents (54%) would you like to use a new drying 
technology, like e.g. a solar dryer, in an organised form; 11 respondents (39%) do not and 2 
respondents (7%) do not know. We should mention, however, that a large part of the respondents that 
answered 'no', did say that just to try and experiment they would like to cooperate within in small 
group. We therefore can conclude that there is sufficient willingness among the producers to try an 
organised form of drying their coffee. 
The arguments the respondents use are summarised in Tab1e 17. 

Table 17: Results question 55 

Arguments in favour of using in a group Arguments infavour ofusing afone 
Key-words of Percentage of Key-words of Percentage of 
arguments respondents (N = 28) arguments respondents (N = 28) 
learning effect 36% use at sametime 39% 
share probierus 18% site 14% 
finance 14% maintenance 7% 
Source: Appendix 9 

The argument mentioned most often is the fearning effect. The respondents are interested in leaming 
and experimenting with alternative new technologies. The next argument they mention is that by using 
a new technology in a group they can share the probfems and solve them together; 14% of the 
respondents say that with a group thefinancing will be easier to accomplish. 
In favour ofusing a new technology afone, 39% ofthe respondents say that in case ofusing in a group, 
all producers will have to use the drying technology at the same time because the harvest-period is the 
same for all of them. 14% says that the site of the technology will be a problem in a group because 
most of the producers live quite far apart from each other, so there always is some producer that has to 
walk far with his fresh cherries to reach the drying technology. 7% says that producing alone will give 
less probierus with maintenance. 
From question 56 we learn that in case the respondents would like to use a new drying technology, like 
e.g.asolar dryer, in an organised form, in all cases this would be withfamify or with villagers, within a 
group of about 5 persons. 

Table 18: Same ofthe resultsfor the possibility to organise tlze small coffee producers 

Question N 
47 Do you produce alone or in group? 28 
52 Do you participate in any form of organisation concerned 28 

with the production of coffee? 
53 lf"yes" which organisations? 16 

54 Would you like to use a new drying technology, like e.g. 28 
asolar dryer, in an organised form?** 

''A large part ofthe respondents that answered 'no', did say thatjust to 
try and experiment they would like to cooperate within a small group. 

Source: Appendix 8 
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Answer 
Alone 
Yes 

PROLESUR 
Cooperativa 
Yes 
No 

Percentage 
100% 
57% 

31% 
19% 
54% 
39% 

Do not know 7% 
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So, the possibility to organise the smal/ eajJee producers 1mposes the following socio-economie 
requirements on the drying technology. 

actually the producers produce alone, but about half of the producers (57%, see 
question 52) participate with organisations PROLESUR and the cooperativa 
COSAGUAL for activities concerning coffee production 
there is sufficient (54%, see question 54) willingness among the producers to try 
an organised form of drying their coffee 
if a new technology will be used in a group, the arguments of Table 17 should be 
taken into account, with the corresponding percentages of respondents that 
mention the different arguments 
in case the respondents would like to use a new drying technology, like e.g. a 
solar dryer, in an organised form, this should be with family or with villagers, 
within a group of about 5 persons 
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4.3 Construction Terms ofReference 

The results of the former two paragraphs will be split into a list of terms of reference for the drying 
technology and a list of some notions which will be used in the Final Conclusions (chapter 6) and the 
Recommendations (Chapter 7) of this research. The terms of reference are classified by dividing them 
into THIO-factors and financial factors. 

The terms of reference will be weighed. In Mara (1996, chapter 3) we find some indications for the 
weighting system. The problem with weighting systems is that it is difficult to apply them objectively. 
Criteria weights can only be decided upon after discussions with all groups concerned. As they are so 
arbitrary it is important that a sensitivity analysis is conducted on the results. This is done by looking at 
the effects on ranking caused by changes in the weighting or the scoring of the different items. By 
selecting the most subjective criteria and change them slightly, the different results with different 
weighting scenarios will indicate the level of confidence that can be given to the results. Minimal 
changes in ranking order indicate high degree of confidence and vice versa. This sensitivity analysis 
will be done in the Final Conclusions (Chapter 6). 

Basedon the ideas in Aframeworkfor technology-based development; Technology Content Assessment 
(ESCAP, 1989) we found the idea to multiply the result of the THIO-factors with the result of the 
Financial factors. This is preferred to sum up the two items, because the financial factors are vita! for 
the appropriateness, according to different key persons35

. Multiplying the two items means that if the 
technology is not financially feasible, the result of the financial factors will be zero, and the product of 
the THIO and the financial factors will be zero, too. If we would have summed up the factors this 
would not be the case. 

So, the result ofthe terms ofreference willlead tothelevel ofappropriateness as follows: 

Appropriateness = THIO-factors * Financial-factors 

Terms of reference for the coffee drying technology; TH JO-factors 

Technoware 
The drying technology should 

dry to 15% or less 
dry India and Caturra 
dry about 1.5 Quintal dry parchment per batch (between 0.2 and 3 Quintal dry parchment) 
dry about 32 Quintal dry parchment per year (between 2 and 160 Quintal dry parchment) 
deal with actual problems: Rain, Lack of capacity, Wind, Low temperature, Animals, Moving 
of coffee, Landscape, High initia! investment, Robberi6 

deal with damage: fermentation, dirt and bursting of skin 
preferably a lso dry maize and beans for own use 
preferably handle interference ofthe drying ofthe different products (december andjanuary) 

Hu manware 
no particular requirements 

Infoware 
knowledge necessary should be very little and understandable for the whole family 

Orgaware 
the possibilities for organisation of the drying process depends on the following aspects: 
learning effect, share problems, finance, use at same time, site, maintenance.37 

We will take a special look at the factors of the technoware, in consultation with Pineda, Reyes and 
Meinders38

. The first two items of the technoware are equal for all four techno logies: they all are able 

35 Cherrett, Campen, Martincz, kcy-persons, tor details see Appendix I. 
'" The percentages in Table 10 will be uscd as weigh-factor. 
17 The percentages in Table 17 will be used as weigh-factor. 
'" Key-persons, sce Appendix I 
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to dry up to at least 15% and they are all able to dry India and Caturra. Therefore, these two items will 
be deleted from the analysis. Also the next two items are equal for all four technologies. They are all 
able to dry 1.5 Quintal dry parchment per batch and 32 Quintal dry parchment per year. It is just a 
matter of sealing the technology. Therefore, these items will be omitted here, too. But they will be used 
in the financial analysis. 
The last two items of the technoware will be omitted, too. All four technologies are able to dry maize 
and beans as well and are equally able to handle the interference of the drying of the different products 
in december andjanuary. 
Furthermore, the item about damage will be omitted from the terms of reference. As we saw in Table 
12, the damage is strongly interrelated with the problems in the process of drying. Therefore, taking 
into account the problems as well as the resulting damage would result in double-counting. So, the only 
item remaining for the technoware is the list of actual problems in the process of drying. 
We will also take a special look at the Orgaware. The item sharing of problems and the fact that 
producers probably want to use the technology at the same time does not depend on the kind of 
technology. The item finance will be discussed in the financial factors of the terms of reference. All 
these aspects will be omitted. So, the only remaining aspects for the orgaware (in our case the 
possibilities for organisation) are learning effect, site and maintenance. 

On top ofthe different aspects ofthe THIO-model, we have the following table (which is in fact Table 
15) with the different arguments and their weights, used by the producers when explaining their 
preferenee fora certain technology (see question 42-45). 

Table 19: Arguments and weigh-factors 

Key-words of Percentage of 
arguments respondents 

(N = 28) 
Velocity 29% 
Durability 21% 
Costs 21% 
Maintenance 14% 
Labour intensiveness 14% 
Operation 11% 
Knowledge 11% 
Source. Table 15 

The arguments and weigh-factors of Table 19 wiJl be used as a basis for the terms of reference: these 
are the arguments and weigh-factors according to the research population. Looking at this table, we 
find four factors for the technoware: velocity, durability, maintenance and operation. The operation is 
in fact the same aspect as the problems in the process of drying, and therefore will be measured by the 
list of problems from Table I 0. Furthermore we have the Iabour intensiveness as a factor for the 
humanware and the knowledge as a factor for the infoware. The factor casts will be omitted from the 
table, for we will deal with the costs separately in the financial factors of the terms of reference. For 
the orgaware, there are no explicit factors in the table, but we can say orgaware is strongly related to 
the operation, and therefore we will ascribe the same weight factor to the orgaware, 11%. As we saw 
before, the orgaware will be measured by the aspects learning effect, site and maintenance, weighed by 
the percentages from Table 17. 
One remark should be made about the list of problems (Tab Ie I 0). Two factors wiJl be omitted from 
this table. At first the /ack of capacity, because this depends strongly on the drying velocity of the 
particular drying technology, and the velocity wiJl already be measured and weighed within the item 
operation as we saw above. So, taking into account the Jack of capacity would result in double
counting. Furthermore, we will omit the high initia! investment, because this factor wiJl be dealt with in 
thefinancialfactors ofthe terms ofreference. 

The range of the scoring system for individual criteria and whether the scale from high priority to low 
priority is ascending or deseending is immaterial provided a consistent system is used for all criteria. In 
our case we wiJl use a scale of 1 - 5, with I being minimum importance and 5 being maximum. Other 
ranges would be valid, too, but the range should reflect the level of accuracy with which criteria can be 
measured, bearing in mind that all criteria must be measured using the same scale (Mara, 1996, p.27). 
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Th is results in the following weighed system ofTHIO-factors: 

Table 20: Weighed terms ofreferencefor the THIO-factors 

Factor Weight Patio Zaranda Carpa IHCAFE 
score weighed score weighed score weighed score weighed 

score score score score 
T Velocity 0.29 

Durability 0.21 
Maintenance 0.14 
Operation 0.11 

Ra in 0.72 
Wind 0.24 
Low temperafure 0.16 
Animals 0.16 
Moving of eajfee 0.08 
Landscape 0.04 
Robbery 0.04 

H Labour intensiveness 0.14 

I Knowledge 0.11 

0 Organisation 0.11 
Learning effect 0.36 
Site IJ 14 
Maintenance 0.07 

Total 1.11 
TIIIO-Factors (0-1) 

Terrus of reference for the coffee drying technology; Fimmcial-factors 
For the financial factors we will use the following indicators for each technology: the Net Present 
Value (NPV) and the Internal Rate of Return (IRR) to indicate the efficiency of the invested capita!. 
Because the NPV and the IRR both indicate the efficiency of the invested capita!, we wil! use the 
average score of these two indicators. 
Furthermore, we have learnt from the interviews that there are no possibilities for financing new 
technologies; it should all be paid by the producer's own savings (see question 46), so the initia! 
investments should be low. We therefore will also campare the Initia! lnvestment (11) and will assume 
that the initia! investments are as important as the efficiency of the invested capita!. lt should be 
remarked that the scale of the Initia( fnvestment should be descending: the higher the Initia I investment, 
the lower the score in the tenns of reference. 

Th is results in the following weighed system of Financial-factors: 

Tab/e 21: Weighed terms ofreferencefor the Financial-factors. 

Factor Weight Patio Zaranda Carpa IHCAFE 
score weighed score weighed score weighed score weighed 

score score score score 
Net Present Value 0.25 
lntcmal Rate ofRetum 0.25 

lnitiallnvestment 0.50 

Tota1 1.00 
Financial-Factors (0-1) 

The results of paragraph 4.1 and 4.2 that remain are summarised in the following list of notions that 
will betaken into account in the Final Conclusions (Chapter 6) and the Recommendations (Chapter 7). 
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Notions to consider in the Final conclusions and the Recommendations: 
actually an average of 22% of the production is damaged and has to be sold for a lower price 
or cannot be sold at all 
there is no significant preferenee for a new technology (43%) or the traditional technology 
(43%, see question 44) in case the producer has to do a new investment 
the actual knowledge available of the different alternatives is very low (86% does not know 
anything a bout the alternatives, see question 40 and 41 ), which means a new drying 
technology should require very Iittle knowledge and be introduced with an adequate training 
actually the producers produce alone, but about half of the producers (57%, see question 52) 
participates with organisations PROLESUR and the cooperativa COSAGUAL for activities 
concerning coffee production 
the organisation should be withfamily or with villagers, within a group of about 5 persons 
there is sufficient (54%, see question 54) willingness among the producers to try an organised 
form of drying their coffee 
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5 Possible appropriate coffee drying technologies available 

In this chapter the coffee drying technologies selected 
in paragraph 3.5 will be described in detail, using the 
terms ofreference (paragraph 4.3) as operationalisation. 

5.1 Detailed analysis of the TH/0-factors 
of the selected technologies 

Based on Table 20 (paragraph 4.3), we will discuss 
each item mentioned in this table for all four 
technologies: patio, zaranda, Carpa and IHCAFE (see 
paragraph 3.5). The data in this paragraph arebasedon 
information of key persons39 and an experiment with 
coffee drying technologies. 

lnt<Jnwtimml. 11111imml ,",J L<N:III i11jhntn•drm11 
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Velocity 
The drying time (velocity) that the different 
technologies achieve to dry washed pulped parchment 
up to 15% humidity (dry base) will be determined 
experimentally. The experiment performed and the 
results are described in paragraph 5.2. 
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The durability will be measured by estimating the !i fespan of the drying technology. 
The lifespan lies between 3 and 12 years. The solar dryers and the zaranda have shorter durability than 
the patio. According to Secadores solares para fruta (ICAITI, 1989) the short lifetime is even the 
major teehoical drawback ofthe solar dryers. 
Scale: 1-2 years: 1; 3-4 years: 2; 5-6 years: 3; 7-8 years: 4; 9-10 years: 5 

Technology Criteria value Score 
Patio 10 5 
Zaranda 4 2 
Carpa 5 3 
IHCAFE 5 3 

Maintenance 
Maintenance is highest for the solar dryers. The plastic covers should be changed every two years. For 
the zaranda and the patio there is no significant maintenance. 
Scale: no maintenance: 5, little maintenance: 3, lot ofmaintenance: 1 

Technology Criteria value Score 
Patio little 3 
Zaranda little 3 
Carpa lot 1 
IHCAFE lot 1 

Operation 
As we have seen in paragraph 4.3, the operation will be measured by using the list of problems during 
the process of drying, including the factors raio, wind, low temperature, animals, moving of coffee, 
landscape and robbery. 

'" Pineda, Fernández, Martinez and Mejia. For details, see Appendix I. 
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Ra in 
The solar dryers have no problems with rain because of the plastic covers. The zaranda has little 
problems with rain, because the zaranda has to be put inside. The patio has a lot of problems with rain 
because all the coffee has to be recollected and put in plastic bags. 
Scale: no problems: 5, little problems: 3, lot ofproblems: 1 

Technology 
Patio 
Zaranda 
Carpa 
IHCAFE 

Wind 

Criteria value 
lot 

little 
no 
no 

Score 
1 
3 
5 
5 

The wind results in dirt between the beans. The sol ar dryers have no problems with wind because of the 
plastic covers. The zaranda has little problems with wind, because the zaranda 'filters' the beans. The 
patio has a lot of problems with wind because the beans are completely exposed to dirt and have no 
filtering capacity. 
Scale: no problems: 5, little problems: 3, lot ofproblems: 1 

Technology Criteria value Score 
Patio lot 1 
Zaranda little 3 
Carpa no 5 
IHCAFE no 5 

Low temperature 
The solar dryers do not suffer a lot from low temperatures. The idea of solar dryers is based on the 
greenhouse effect and therefore generally operates with higher temperatures. However, the 
temperatures ofthe solar dryers will not be as high as the temperatures in mechanica) dryers. 
The zaranda suffers from low temperatures because the zaranda is the technology with the most 
ventilation, not just above the layer of beans, but also underneath the layer of beans. The patio on the 
other hand only has ventilation above the layer of beans, furthermore the concrete floor of the patio 
functions as a buffer for the heat. 
Scale: temperature is low: I; quite low: 2; normal: 3; quite high: 4; high: 5 

Technology Criteria value Score 
Patio normal 3 
Zaranda quite low 2 
Carpa quite high 4 
IHCAFE quite high 4 

Animals 
The patio has a lot of problems with animals because all types of animals are able to enter the patio and 
cause damage to the beans. The zaranda has some problems with animals because it is open on the top 
side, but the whole layer is elevated from the floor. The solar dryers have just a few problems with 
animals because solar dryers are completely closed soanimals cannot enter. 
Scale: no problems: 5; few problems: 4; some problems:3; quite some problems: 2; lot ofproblems: 1 

Technology Criteria value Score 
Patio lot I 
Zaranda some 3 
Carpa few 4 
IHCAFE few 4 

58 



Chapter 5 Possible appropriate drying technologies available 

Moving of coffee 
To dry the coffee evenly, the beans have to be tumed around every hour. On the patio this is generally 
done by using a wooden rake which causes that the bean or the small huskcan burst and degrades the 
quality. On the zaranda this problem is eliminated because the beans are put on a wire netting which is 
much smoother than the concrete floor. On top of that, the beans are tumed by hand. Th is too causes 
less damage. For the solar dryers this is valid too, because also in solar dryers zarandas are used for the 
layer of beans. 
Scale: damage caused no damage: 5; little damage: 3; lot of damage: I 

Technology Criteria value Score 
Patio lot I 
Zaranda little 3 
Carpa little 3 
IHCAFE little 3 

Landscape 
The rocky and savage landscape is a problem because of the difficulty to build a patio with sufficient 
flat area. For zarandas and solar dryers this is aloteasier because they can be split up in small parts and 
therefore do not need ju st one big flat area, but a few small flat areas. 
Scale: no problems: 5; some problems:3; lot ofproblems: I 

Technology Criteria value Score 
Patio lot I 
Zaranda some 3 
Carpa some 3 
IHCAFE some 

.., 

.) 

Robbery 
The zaranda and the patio are completely in the open air and are accessible to anyone. The solar dryers 
are closed by plastic covers. They are easy to open, but are less accessible than the zaranda and the 
patio. 
Scale: no problems: 5; some problems:3 ; lot ofproblems: I 

Technology Criteria value Score 
Patio lot I 
Zaranda lot I 
Carpa some 3 
IHCAFE some 3 

Labour intensiveness 
According to IHCAFE (Pineda, 1998), one person can manage100m2 patio per day. This includes all 
activities, from spreading the coffee in the morning (regar), turning the beans every hour (remover) 
and recollecting the coffee at the end of the day or in case of rain, and putting it in bags (recoger). 
The time for remover is the same using the zaranda, but regar and recoger requires much less time, 
because you don 't have to put the coffee in bags, just put the zaranda outside and inside once a day. For 
the solar dryers, remover requires the same time, the time for regar and recoger however will decrease 
because during the night or in case of ra in you can let the coffee be put ins i de. 
According to the key-persons40 the following assumption is reasonable: one person can cover 3 times as 
much surface for the zaranda and four times as much surface for the solar dryers compared to the patio. 
In other words, one person can cover300m2 zaranda per day and 400m2 solar dryer per day. 
Scale: <100m2

: I; sl00<200: 2; s200<300: 3; s300<400:4; ;:::400: 5 

Technology Criteria value Score 
Patio 100 2 
Zaranda 300 4 
Carpa 400 5 
IHCAFE 400 5 

"' Pineda, Fcrnández, Martinez and Mejia. For details, see Appendix I. 
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Knowledge 
According to the terms ofreference, the "knowledge necessary should be very little and understandable 
for the whole family", as we saw in paragraph 4.3. This means that knowledge is an argument in favour 
of the patio, because the producers know a lot more about this traditional technology than about the 
altematives. Most people in Lempira know how to construct, maintain and operate a patio themselves. 
To construct a zaranda is quite easy also, you do not need qualified personnel, you can do it yourself. 
However, because zarandas are hardly used in Lempira, some training would be required. 
In theory, the Carpa can be built without specialised persons, if you have the description. In order to 
construct and maintain the dry er correctly, it is necessary to understand the basic principles of the solar 
dryer. For example, if one understands why there is black plastic on the tloor and why there should be 
no holes in the plastic, the maintenance will be better and easier. So, for correct introduetion of the 
Carpa there should be a clear and simp Ie course in the basic principles of the dry er. Furthermore, there 
should be a clear and simple manual to construct the dryer. For the Carpa there is a manual available 
which includes somebasic theory (ICAITI, 1985). 
For the IHCAFE dryer can be given the same considerations as for the Carpa, except that there is no 
clear manual to construct a big dryer like the IHCAFE dryer. This should be developed. 
Scale: (level of) knowledge required: low: 5; quite low: 4; some: 3; quite some: 2; a lot: I 

Technology Criteria value Score 
Patio low 5 
Zaranda quite low 4 
Carpa quite some 2 
IHCAFE a lot I 

Organisation 
As we have seen in paragraph 4.3, the intluence of the different technologies on the possibilities for 
organisation will be measured by using the following aspects: learning effect, site and maintenance. 

Learning effect 
The respondents are interested in learning and experimenting with alternative new technologies. It 
might be clear that the solar dryers offerthebest possibilities. The zaranda too, however the level ofthe 
learning effect will be lower. The patio does notoffer a lot of learning possibilities. 
Scale: learning possibilities: no: I; some: 3; a lot: 5 

Technology 
Patio 
Zaranda 
Carpa 
IHCAFE 

Site 

Criteria value 
no 

some 
a lot 
a lot 

Score 
I 
3 
5 
5 

The site of the technology will be a problem in a group because most of the producers live quite far 
apart from each other, so there always is some producer that has to walk far with his fresh cherries to 
reach the drying technology. This is the case with the patio. For the zaranda and the solar dryers 
however, this problem is less, because they are moveable. The zaranda is easy to move. The solar 
dryers are more difficult to move, they are a bit cumbersome. 
Scale: moveable: no: I; difficult: 3; easy: 5 

Technology Criteria value Score 
Patio no 1 
Zaranda easy 5 
Carpa difficult 3 
lHCAFE difficult 3 
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Maintenance 
According to the producers, producing alone wil! give less probierus with maintenance. As we saw 
before, maintenance is highest for the solar dryers. The plastic covers should be changed every two 
years. For the zaranda and the patio there is no significant maintenance. 
Scale: no maintenance: 5, little maintenance: 3, lot ofmaintenance: 1 

Technology Criteria value Score 
Patio little 3 
Zaranda little 3 
Carpa lot 1 
IHCAFE lot 1 

The resulting scores ofthe different items will be used in paragraph 5.4. 

5.2 Collection of data by experiment 
Based on literature (Rozis, 1997 and Brenndorfer, 1985), and in collaboration with key-persons Pineda 
and Reyes (see Appendix 1), we set up an experimental programme todetermine the drying velocity 
(which is in fact the time to dry up toa certain level ofhumidity) and the quality ofthe dried parchment 
obtained with the drying technologies selected. The drying velocity should be determined to complete 
the data needed for the TH IQ-factors of the terrus of reference. The quality should be determined for 
the Financial-factors; different qualities ofthe dry parchment could result in different prices. 
Furthermore, we want to obtain some insight in the path of the drying rates with the different 
techno logies. 
We wiJl dry the washed pulped parchment to 15% moisture content, dry base. According to key
persons41 this is the moisture content used in the region South Lempira to sell the dry parchment. The 
last part of the drying process (to 11% or 12%) takes too much effort and usually is done in the 
beneficios and exportadores. 

We wiJl shortly expound the technica! reasou to dry up to at least 15% moisture content. Therefore, the 
water sorption isotherm of coffee is introduced. The water sorption isotherms show the equilibrium 
relationship between the moisture content of a food-product and the water activity (a11,) at constant 
temperatures and pressures (lglesias & Chirife, 1982, p.1 ). At equilibrium, the water activity is related 
to the relative humidity of the surrounding atmosphere by 

p 
aw = 

relative humidity (%) 
---·---~~---

po 100 

where p is the water vapour pressure exerted by the coffee bean, p11 the vapour pressure of pure water at 
temperature T11 , which is the equilibrium temperature of the system. rn Figure 17 we see some water 
sorption curves for coffee. The isotherms are described as a plot of the amount of water sorbed as a 
function ofthe water activity. 

flO"t 

I 
I 

I 

"
1 Mejia and Martinez, for details see Appendix I. 

" 
I 

so ·o1··-urur t'rrril't-m-rr~ ... 
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Figure 17: Same water 
sorption curves for eajfee 

(Source: Jglesias & Chirife, 1982, 
p.69) 

Left: café Inka, 20°C 

Right: café Arabica, 25°C 
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The reason for drying the parchment coffee is that reduction of water activity provides a very important 
means of stabilising the product. In general a"'< 0.7 is sufficient to prevent fermentation of the coffee 
beans. Looking at the different sorption isotherms of coffee we can see that the coffee should be dried 
to less than 15%. It should be emphasised that the sorption isotherms depend on a lot of factors, like 
temperature, species ofthe coffee, kind of soit, etc. This means sorption isothermsof different species 
or different regions will vary. 

In paragraph 0.4 (Processing of coffee, page 3) some basic concepts and definitions conceming the 
drying of coffee are given. For some deeper insight in the drying process itself, we introduced some 
basic drying theory and some measuring methods in Appendix 11. 

Aim of experiment 
For the selected technologies (patio, zaranda, Carpa, IHCAFE), determine the required drying time and 
the quality of the dry parchment, when drying washed pulped parchment to 15% moisture content, dry 
base. 
Draw the drying curves to gain insight in the drying paths. 

Expectations 
According to the literature in the Appendix 11 and key-persons we expect the following: 

the solar dryers will have the shortest drying time (about five days); 
the drying time on the patio will be around 7 days (ifthere is enough sun); 
when drying with solar dryers or zaranda, the quality will be higher (less probierus with 
fermentation, animals and dust). 

Variables to be measured 

Drying Time 
One of the aims of the experiment is to determine the drying time (t) of drying washed pulped 
parchment to 15% moisture content, dry base, using the different technologies. To determine this time 
no special formulas are needed, we only have to define exactly the beginning and end of the drying 
time. The beginning is defined as follows. In genera!, the coffee will be peeled in late afternoon and put 
in a bas in of water for fermentation. Early in the next morning, the coffee will be washed and put on 
the patio to dry. This moment will be defined as the start of the experiment. According to literature 
(Mencia, 1992, p.3 and Palma, 1993, p.46) the washed pulped parchment has a moisture content 
between 50% and 55%, dry base, at this moment. The end of the drying process is defined as the 
moment when the parchment has a moisture content of 15%, dry base. Only time from sunrise to sunset 
will be taken into account, i.e. the time when in normal circumstances the coffee is spread out on the 
patio. The moment at which the parchment reaches 15% moisture content will be determined using the 
drying curves that will be drawn. 

Quality 
The quality of the dry parchment will be tested in a special laboratory of IHCAFE. Furthermore, we 
will monitor the air temperature for the different drying processes, because the temperature inside the 
dryer may not exceed 70°C (Mencia, 1992, p.8), otherwise the quality will be affected. 

Drying paths 
To gain insight in the characteristics ofthe drying process with the different technologies, we will draw 
the drying curves. So, we need todetermine the moisture content during the whole experiment. We will 
monitor them not only to be able to draw and evaluate the drying curves of the different techno logies, 
but also to be able todetermine the drying time after which the samples reach 15% moisture content. 

Metbod of measurement 
Todetermine the moisture content we will use two methods, direct and indirect. 
The direct method uses the moisture meter "Dole 400", an instrument that is used by the beneficios and 
the exportadores. The "Do Ie" has an accuracy of I% (see Appendix 14: Moisture meter "Do Ie"). 
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For the indirect way, the thermo-gravimetrie method (see Appendix 11), we have to measure the mass 
of the product to be dried. The moisture content can be found by using the formula derived in 
Appendix 11, moisture content on dry base, mcd: 

mcd = (m 1 - m2) I m2 with m 1 = mass of wet sample 
m2 = mass of completely dried sample 

So, also m2 will have to be determined as described in Appendix 11. 

To measure the temperature (inside the dryers and outside), normal digital and mercury thermometers 
will be used. High accuracy is not necessary. However, we have to take into account some notions 
stated in Appendix 16: Where and how to measure temperature. 
There are no measuring instruments available to measure insolation directly, so the cloudiness and 
other weather conditions will be observed qualitatively. This to be able to judge whether the two 
experiments (in Santa Tomás and in La Fé) have the same conditions and so if it is possible to compare 
data between the two different experiments. 

Experimental programme 
We wiJl make two series of data collection. One in Lempira and one in La Fé (at the test-site of 
IHCAFE). In Lempira we will compare the patio, the zaranda and the Carpa. In La Fé we wiJl compare 
the patio, the zaranda, the Carpa and the IHCAFE-dryer. For practical reasons it was impossible to try 
the IHCAFE dryer in Lempira. Because of considerable preparations and local vacations, we only had 
two days for the actual drying in La Fé. Furthermore, there was only parchment available in La Fé that 
already had been dried for one day. On top of that, the quantities of parchment to be dried in the 
experiments of La Fé were to big to measure weight. So, only the moisture content mcd, determined by 
the moisture meter, could be measured. Therefore, it will be difficult to compare the data of the two 
series, even more when the weather conditions are different. 

Results 

Weather conditions during experiments 
During the experiment in Santa Tomás we had perfect elirnatic conditions. During theseven days ofthe 
experiments the conditions were equal: no rain and cloudless all day, with moderate wind. The outside 
temperature had an average of20°C and the outside humidity had an average of73%. 
In La Fé the weather-conditions were different. The first day we had 2.5 hours of sun and the second 
day it was heavily clouded and in the aftemoon of day two we had some drizzle. The wind was 
moderate. 
The outside temperature had an average of20°C and the outs i de humidity had an average of71 %. 
As we saw in paragraph 3.2, the irradiation in Honduras is about 5.2 kWh/m2 per day. 

Qua/ity 
The quality of the dry parchment dried by the different technologies was tested in a special Iabaratory 
of IHCAFE. They did not find any significant difference in quality (in contrast to the expectations that 
the zaranda and the solar dryers would produce higher quality). 

I The different drying technologies produce the same quality. 

Drying curves 
For the series of data-coHeetion in Santa Tomás, we wiJl plot the following drying curves: mcd 
(determined directly (by moisture meter Dole 400) and indirectly (using the thermo-gravimetrie 
method)) against drying time. However, as we will see in the next section, the thermo-gravimetrie 
metbod does not function in this experiment. This means we cannot plot the mcd determined by the 
thermo-gravimetrie method against time. Nevertheless, we wiJl plot just the mass of the sample m 1 

against time. This wiJl give us insight in the drying process as wel!. So, we will plot mcd determined by 
the moisture meter against drying time, and the mass of the (wet) sample m 1 against the drying time 
(see Figure 18 and Figure 19). 
In the plot of the mass against time, we wiJl use the libra (lb) as unit in stead of the kilogram, because 
libra is the unit used in Lempira (1 lb = 0.45 kg, see Conversion Factors, page xiii). 
For the series in La Fé, we did not measure the mass of the sample, and therefore will only plot mcd 
determined by the moisture meter against drying time. See Figure 20. 
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We will take a look at the curve of mcd against drying time in Figure 18. We can see directly that the 
solar dryer Carpa dries fastest. The zaranda and the patio have more or less the same drying time. Some 
strange phenomenon occurs in the curve of Figure 18. We can see that at the beginning of each day the 
moisture content measured by the Dole is higher than at the end of the day before. Probably this is 
because of dew. At night the beans were stored in plastic bags on a concrete floor under a shelter, 
which causes a thin layer ofmoisture on the surface ofthe beans in the moming. 
In Figure 19 we can see the same trend, the Carpa dries fastest and the patio and the zaranda have more 
or less the same drying time. Interesting is to take a closer look at the first day of drying. We can see 
that during the first half of the first day the zaranda is faster than the other techno logies. Th is can be 
explained as follows. 
As we saw in Appendix 11, the process of drying coffee can be divided into different stages during the 
drying period: the constant rate and the falling rate period. During the constant rate drying period, the 
rate ofmoisture migration from the interior ofthe partiele to the surface is sufficiently high to maintain 
the surface in a completely wetted condition. Under these circumstances the rate of drying of the 
partiele is controlled by the rate of evaporation from the surface, which is controlled by the condition of 
the air adjacent to the surface. This results in the constant rate drying period, that lasts to 
approximately 45% for coffee beans (Mesoamerican Development lnstitute, 1995, p.47). In Figure 18 
we saw this is after approximately one day. The evaporation rate in this period depends not just on 
temperature and humidity, but also on the flow rate of the surrounding air. Th is means ventilation is 
quite important and therefore explains why the zaranda dries best in this period. 
Below this critica! moisture content the rate of drying decreases tending to zero at the equilibrium 
moisture content. Th is period of drying is termed. the falling rate peri ad. The rate of drying is 
determined by the mechanisms for moisture movement inside a solid body. The air flow rate is less 
important, but the temperature of the surrounding air all the more. This explains why the solar dryer, 
with the higher temperature, dries best in this period. 

So, the zaranda dries fastest the first day, and the solar dryers in the following days. 
This also means it would be best to put the washed pulped parchment on a zaranda the 
first day, and put this zaranda inside the solar dryers in the following days. This way 
we will obtain the fastest drying path. 

Now we will take a look at the drying curve of Figure 20, the moisture content mcd against the drying 
time in La Fé. 
In La Fé we will compare the patio, the zaranda, the Carpa and the IHCAFE-dryer. As said before, we 
only had two days for the actual drying in La Fé and there was only parchment available in La Fé that 
already had been dried for one day. Furthermore, the weather was quite bad for drying, even some rain 
every now and then. Therefore, the data ofthe two series cannot be compared fairly. 
Because we only have data of the first two days, we cannot determine the drying velocity of the 
IHCAFE-dryer compared to the other drying technologies. However, the people in La Fé that finished 
the drying ofthe coffee ofthe experiment after the first two days, said the Carpa and the IHCAFE dryer 
were just as fast. The zaranda and the patio took more time. In Figure 20 we cannot see any huge 
difference in drying velocity in the first two days neither. Therefore, we will make the following 
assumption: 

The JHCAFE-dryer and the Carpa have the same drying velocity when drying washed 
pulped parchment up to 15%. 

Determining moisture content with thermo-gravimetrie methad (see Appendix 11) 
We used 0.50 lb of the dry parchment dried by the Carpa in Santa Tomás, so m1 = 0.50 lb. At the start 
ofthis experiment the moisture meter (Dole) gave a mcd of9.5%. 
To determine m2 wedried for two hours in a gas-oven. The temperature was between 200°C and 220°C 
during these two hours (measured by a normal oven thermometer). During these two hours the 
parchment was severely burned (completely black). 
A fier the drying in oven m2 was determined: 0.31 lb, so 
m1 = 0.50 
m2 = 0.31 

-7 mcd = (m1- m2) I m2 = (0.50- 0.31) I 0.31 = 61% 
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As said before, according to the moisture meter (Dole), mcd should be 9.5%. The 61% obtained with 
the thermo-gravimetrie method differs significantly. It is clear this 61% is invalid: the moisture content 
at the beginning (right after washing the parchment) is about 55%. After drying the parchment 
completely in the oven, the moisture content would never be higher. 
A second try gave a mcd of 62%. We therefore can conclude that thermo-gravimetrie method does not 
function the way we used it. According to Brenndorfer (1985, p.243) it is better (not necessary) to use a 
vacuum oven. Probably this is the reason why the method does not work the way we did it. No vacuum 
oven is available, so there is no possibility to verify this. 

Determination of drying time 
The end of the drying process is defined as the moment when the parchment has a moisture content of 
15%, dry base. Todetermine this point we will use the drying curves. We can use the "mass-curve" and 
the "mcd-curve". 
Based on the general equation for diffusion of liquid through a porous solid (see "The mechanisms of 
drying", Appendix 11), we can estimate the equation for the rnass-curve and calculate the drying time. 
Theoretically this is correct, but it has a lot of practical drawbacks. We can also use the mcd-curve. The 
curve will be approximated by a straight line, this is more practical and the accuracy is sufficient. This 
straight line will be used to calculate the drying time to dry up to 15%, dry base. 
Using the data ofthe mcd-curve, we calculated the approximations given in Table 22. We see the R2 is 
about 0.96 which is reasonable (about 2%). Furthermore we see that R2 is practically equal for the three 
technologies, so we will not consicter the inaccuracy ofthe approximation. 

Table 22: Calculation of drying time to dry up to 15% dry base 

Technology 

Patio 
Zaranda 
Carpa 

Approximated 
equation mcd 

-0.70t + 53.16 
-0.65 t + 52.64 
-1.11 t + 55.58 

Source: data mcd-curve Santa Tomás 

Resulting drying velocity 

R 

0.95 
0.96 
0.97 

drying timet for mcd=l5% 
(hours) 

54.5 
57.9 
36.6 

drying time t for mcd= 15% 
(days of8.5 hours ofsun) 

6.4 
6.8 
4.3 

In Table 22 we find the drying times for the Patio, the Zaranda and the Carpa. As we assumed before, 
the IHCAFE-dryer has the same drying time as the Carpa. This results in the following scoring for the 
item velocity of the terms of reference. 
Scale (t is drying time in days): t < 4.5: 5; 4.5:::; t < 5.0: 4; 5.0:::; t < 5.5: 3; 5.5:::; t < 6.0: 2; 6.0:::; t: 1; 

Technology Criteria value Score 
Patio 6.4 I 
Zaranda 6.8 I 
Carpa 4.3 5 
IHCAFE 4.3 5 

The resulting scores for the velocity will be used in paragraph 5.4. 

5.3 Detailed analysis of the Financial-factors of the selected technologies 
From paragraph 4.1 (Technological requirements; question 16, 24-27, 30) we have the following 
information. The average dimension ofthe patiosis 59m2

. An average of 5 Quintal dry parchment can 
be put at this surface. This makes that according to the respondents an average of 5/59 = 0.08 Quintal 
dry parchment can be put on 1 square meter patio. According to IHCAFE one can put 0.125 Quintal 
dry parchment on I square meter of patio. We will use 0.1 Quintal dry parchment per square meter in 
the calculations ofthis paragraph. 
We saw that the average production in Lempira is 32 Quintal dry parchment per year (with extremes of 
2 and 160 Quintal dry parchment). Furthermore, we saw that actually an average of 22% of the 
production is damaged and has to be sold for a lower price or cannot be sold at all. As we saw in Table 
12 (chapter 4), the problems of drying with the patio are related to the kind of damage. Drying with the 
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zaranda or with the solar dryers will avoid some of these problems and therefore also some of the 
damage. Based on the experience of Pineda and Pena42 we assumed that with the zaranda 2% of the 
losses can be avoided and with the solar dryers about 4%. 
In the following table we find the basic dataweneed for the calculation ofthe financial variables. 

Table 23: Basic datafor financial analysis 

Initia! investment perm (L) o 

Labour intensiveness (surface in m2 

one person can manage in one day) 

Lifespan (years) 

Maintenance costs per m2 per year (L) 

Drying time up to 15% ( days) 

Area needed to dry 32 Quintal dry 
parchment per year (m2

) 

Labour costs per year (L) for 
production of 32 Quintal dry 
parchment and L35 per Iabour day 

Avoided losses (% oftotal production) 
Source.· IHCAFE, all data vcritied tor Lempira. 

Appendix 17 

Patio 
150 

100 

10 

2 

6.4 

50 

718 

0 

Zaranda Carpa IHCAFE 
80 260 195 

300 400 400 

4 5 5 

2 25 20 

6.8 4.3 4.3 

53 34 34 

254 122 122 

2 4 4 

Based on the data in Table 23, we calculated the Initia! investment (I!), the Net present value (NPV) 
and the Intern al rate of return (IRR) for the four drying technologies (see Appendix 18). The results are 
shown in Table 25 (the scale of the scoring can be found in Table 24). We should note that we 
calcuiated with a discount rate of 15%, basedon the ideas of Campen (1997, Anexo IV). Furthermore, 
we caicuiated for a period of 20 years because this is the Iowest common multiple of the different 
lifetimes ofthe technoiogies. Moreover, the price paid for the coffee dried by the different technologies 
was assumed to be equai for all four technologies, because they produce the same quaiity (as we saw in 
the previous paragraph) and higher quality would not yieid more anyway because of the bad price
mechanism in Lempira (see paragraph 3.6). 

Table 24: Scales ofscoring Initia! investment (11), Net Present Value (NPV) and Internat rate of return 
(IRR) 

Score 
II(in l,OOOL) 
NPV (in I ,000 L) 
IRR (%) 

8~x<9 

5~x<7 

0 ~x< 20 

2 

7~x<8 

7~x<9 

20 ~x< 40 

3 
6~x<7 

9~x<ll 

40 ~x< 60 

4 
5~x<6 

I I ~x< I3 
60 ~x< 80 

5 
4~x<5 

I3~x<l5 

80 ~x< 100 

Table 25: Results jinancial analysis; production 32 Quintai; R = 15%; term 20 years 

Il (L) Score NPV (L) 
Patio 7,500 2 7,659 
Zaranda 4,240 5 13,989 
Carpa 8,840 I 6,353 
IHCAFE 6,630 

,., 
I 0,479 .) 

Sou ree: Appendix I 7, Appendix I 8 and Table 23 

•
2 Pineda, C. and Pena, L.; key-persons. For details see Appendix I . 

• , L = Lcmpira (Honduran currcncy); $I = 14L (january I 999) 
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Score IRR(%) Score 
2 34.3% 2 
5 79.2% 4 

30.3% 2 
,., 

47.1% 3 .) 



Chapter 5 

We made a smal! sensitivity analysis for the 
production, the price of dry parchment and for 
the avoided losses. Especially the avoided 
losses seem to intluence strongly the financial 
feasibility of the different technologies. In 
Figure 21 the results are shown. We 
recommend to study more deeply the exact 
percentages ofthe avoided losses. 

Possible appropriate drying technologies available 

Figure 21: Sensitivity analysis for Avoided 
Losses. (Source: Appendix 18) 

140% 

120% 

100% 

.. 80% 

~ 60% 

40% 

20% 

Assumed avoided losses 

The results ofthe financial analysis wil! be used in paragraph 5.4 and in the Final Conclusions (Chapter 
6). 
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5.4 Conclusions 
Basedon the data we found in this chapter, we can fill in the terms ofreference and weigh the different 
factors, according to the tables in paragraph 4.3 (Table 20 and Table 21). This results in Table 26 and 
Table 27 below. 
Furthermore, we found some technica! interesting aspects. The zaranda dries fastest the first day, and 
the solar dryers in the following days. This also means it would be best to put the washed pulped 
parchment on a zaranda the first day, and put this zaranda inside the solar dryers in the following days. 
This way we will obtain the fastest drying path. 
We also found that the different drying technologies produce the same quality. And especially the 
avoided losses seem to intluence strongly the financial feasibility ofthe different technologies. 

Table 26 and Table 27 will be analysed and discussed in the Final Conclusions (Chapter 6). 

Table 26: Weighed terms ofreference: TH/0-factors 

Factor Weight Patio Zaranda Carpa IHCAFE 
score weighed score weighed score weighed score weighed 

score score score score 
T Velocity 0.29 1.0 0.3 1.0 0.3 5.0 1.5 5.0 1.5 

Durability 0.21 5.0 1.1 2.0 0.4 3.0 0.6 3.0 0.6 
Maintenance 0.14 3.0 0.4 3.0 0.4 1.0 0.1 1.0 0.1 
Operation 0.11 1.2 0.1 2.8 0.3 4.6 0.5 4.6 0.5 

Ra in 0.72 1.0 0.5 3.0 1.5 5.0 2.5 5.0 2.5 
Wind 0.24 1.0 0.2 3.0 0.5 5.0 0.8 5.0 0.8 
Low tempera/ure 0.16 3.0 0.3 2.0 0.2 4.0 04 4.0 0.4 
Animals 0.16 1.0 0.1 30 0.3 4.0 0.4 4.0 0.4 
Moving of eajfee 0.08 1.0 0.1 30 0.2 3.0 0.2 30 0.2 
Landscape 0.04 1.0 0.0 30 0.1 3.0 0.1 30 0.1 
Robbery 0.04 1.0 0.0 1.0 0.0 3.0 0.1 30 0.1 

H Labour intensiveness 0.14 2.0 0.3 4.0 0.6 5.0 0.7 5.0 0.7 

I Knowledge 0.11 5.0 0.6 4.0 0.4 2.0 0.2 1.0 0.1 

0 Organisation 0.11 1.2 0.1 3.5 0.4 4.0 0.4 4.0 0.4 
Learning effect 0.36 1.0 0.6 30 1.9 5.0 3.2 5.0 3.2 
Site 0.14 1.0 0.2 5.0 12 30 0.7 3.0 0.7 
Maintenance 0.07 30 0.4 30 04 1.0 0.1 1.0 0.1 

Total 1.11 2.9 2.8 4.1 4.0 
TIIIO-Factors (0-1) 0.52 0.51 0.74 0.72 

Table 27: Weighed terms ofreference: Financial-factors 

Factor Weight Patio Zaranda Carpa IHCAFE 
score weighed score weighed score weighed score weighed 

score score score score 
Net Present Value 0.25 2.0 0.5 5.0 IJ 1.0 0.3 3.0 0.8 
In tem al Rate of Retum 0.25 2.0 0.5 4.0 1.0 2.0 0.5 3.0 0.8 

lnitial lnvestment 0.50 2.0 1.0 5.0 2.5 1.0 0.5 3.0 1.5 

Total 1.00 2.0 4.8 1.3 3.0 
Financiai-Factors (0-1) 0.40 0.95 0.25 0.60 
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Chapter 6 Final Conclusions 

6 Final Conclusions 

Based on the conclusions in the previous chapter and the forrnula stated below, we calculated the 
Appropriateness (see paragraph 4.3). We want to stress that not the absolute numbers but the mutual 
distribution on the scale is important. 

Appropriateness = THIO-factors * Financial-factors 

Table 28: Resulting appropriateness 

Patio 
Zaranda 
Carpa 
IHCAFE 

TRIO-factors 
0.52 
0.51 
0.74 
0.72 

Source: Table 26 and Table 27 

Financial-factors 
0.40 
0.95 
0.25 
0.60 

Appropriateness 
0.21 
0.48 
0.18 
0.43 

From Table 28 we Jeam that the product of the THIO factors and the Financial factors results in an 
appropriateness ranking in which the zaranda scores highest In the second place we see the IHCAFE
dryer. Third comes the patio and fourth the Carpa. It is quite interesting to compare the two groups of 
factors differently. Looking at the TRIO-factors, we see that the two solar dryers (IHCAFE and Carpa) 
score considerably higher than the Patio and the zaranda. The Carpa scores highest on the THIO scale 
and the zaranda lowest. However, on the resulting appropriateness ranking we see exactly the contrary, 
the zaranda scores highest and the Carpa lowest. This means that the Financial factors largely influence 
the final appropriateness. And as we have seen in the previous chapter, the financial factors are 
especially influenced by the avoided losses. 

Taking into account the high score on the ranking ofthe TRIO-factors, it is interesting to find ways to 
improve the financial feasibility of the solar dryers (especially the IHCAFE-dryer, because this one 
already is quite attractive financially). 
The zarandas are used to place the coffee in the sol ar dryers and therefore are part of the sol ar dryers. 
So, the zarandas can be used solely as wellas part ofthe solar dryers (see paragraph 3.5). This explains 
the fact that the zarandas are financially more attractive than solar dryers. lt also means that the solar 
dry er will never be financially more attractive than just the zaranda. 
Using the formula for the appropriateness as stated above, we can calculate that the IHCAFE dryer 
should score 0.67 on the financial factors to score equal to the zaranda on the final appropriateness 
ranking (0.48). Using the weighting system for the financial factors, we see this can be reached by 
improving the initia! investments from 3 to 4 on the scale of 5, or to improve the NPV and the IRR 
from 3 to 4 on the scale of 5. If one of these scenarios actually would happen, the score ofthe financial 
factors would become 0.70 in stead of 0.60 and the final appropriateness of the IHCAFE-dryer would 
become 0.50 in stead of0.43. 
In Table 24 (page 67) we can find what this means in practical terms. The NPV should improve from 
the interval of9,000- 11,000 L to 11,000- 13,000 L. The IRR should improve from the interval of 40-
60% to 60-80%. In Appendix 18 (see sensitivity analysis) we find that for an avoided loss of 7% in 
stead of 4% this is the case. We should mention that this is possibly the case already, because the 
avoided Joss of 4% was a rough assumption. Furtherrnore we know that actually an average of 22% 
(see Notions on page 55) ofthe production is damaged and has to be sold fora lower price or cannot be 
sold at all. So, there is plenty of space to increase the avoided losses. Except for the avoided Josses 
there is another possibility to improve the NPV and IRR of the solar dryer, that is to dry other products 
than coffee too during the rest of the year (outside the harvest season), for example fruits. This will 
increase the income generated and therefore the net cashflow. Justas with the avoided Joss, for a solar 
dryer for 32 Quintal (34m2

, see Table 23), the net cash flow for one season should rise 816 L in order 
to reach the proper NPV and IRR.44 

As we saw above, the other way to improve the score on the financial factors ofthe IHCAFE-dryer are 
the Initia/ investments of the IHCAFE-dryer. The score of the initia! investments should improve from 
3 to 4 on the scale of 5, which means in practical terros it should decrease to the interval of 5 to 6 

'' For an IHCAFE-dryer for 32 Quintal dry parchment, the increase in net cashflow is 816 L per year when avoided losses rise 
from 4% to 7%. See Appendix 18. 
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thousand Lempiras in stead of 6 to 7 thousand Lempiras. More concretely (also see Table 24) we find 
that it should decrease from 6630 L to at least 6000 L, which is equal to a decrease of about 10%. 
Cheaper materials or saving of costs by using the technology in groups should make this possible. 

From the notions mentioned in the conclusions of chapter 4 we mention the following issues. The 
actual knowledge available of the different alternatives is very low, which means a new drying 
technology should require very little knowledge and be introduced with an adequate training. There is 
sufficient45 willingness among the producers to try an organised form of drying their coffee. Actually 
there is no significant form of organised production and the following organisations might be used as a 
basis for the use of a drying technology in an organised form in future: PROLESUR and the 
cooperativa COSAGUAL. The organisation should be withfamily or with villagers, within a group of 
about 5 persons. An organised form can increase the costs reduction for the drying technologies. (And 
as we saw before, 10% reduction of the initia! investment costs is necessary to make the solar dryer 
more attractive than the zaranda. According to Pineda (key-person, see Appendix 1 ), this will be 
achievable by organised drying (in a group of about five producers) in combination with cheaper 
building materials.) 

Forthermore there are some environmental considerations that should be taken into account (see 
Conclusions of chapter 3). The bad infrastructure and the bad price mechanism are the biggest 
problems in the region. On top of that there are the fluctuating (low) international prices, lack of 
organisation and the bad (reputation of the) quality of the coffee. Jntermediarios have a monopoly in 
determining prices; they determine their own prices which are lower than the prices in accessible areas. 
Furthermore, improving quality of the dried coffee does not yield more profit, except in the 
cooperativas. 
Moreover, we have seen in paragraph 3.5 that all four technologies analysed are equally sustainable. 
None of them uses any fire wood as heat source. This makes the technologies contribute to the 
sustainable development as defined in paragraph 0.5. 

On top of that, there are some purely technica! conclusions. The different drying technologies analysed 
in the experiment (see paragraph 5.2) produce the same quality. About the drying paths ofthe different 
technologies we find that the zaranda dries fastest the first day, and the solar dryers in the following 
days. This also means it would be best to put the washed pulped parchment on a zaranda the first day, 
and put this zaranda inside the solar dryers in the following days. This way we will obtain the fastest 
drying path. 

Answering the research question 
First we will repeat the research question: 

Which drying technologyM is/are appropriate for the drying of eajJee by smal! rural producers in the 
south of Lempira, Honduras? 

Starting from the point of view of the actually used technology, the patio, we can conclude the 
following. Looking at the THIO factors, we see that the zaranda scores more or less the same. 
Financially, however, the zaranda scores much higher than the patio, so the zaranda is a good 
alternative for the patio. lf we want a technology with higher THIO-factors, we should use a solar 
dryer. The Carpa has a lower ranking on the financial scale, the IHCAFE-dryer, however, has a higher 
ranking on the financial scale and is a better option than the patio in both aspects. The low financial 
score of the Carpa can be attributed to the high investment costs (especially wood and plastic) and 
maintenance costs (see Appendix 17). 

So, the patio itself is financially an attractive technology. The THIO-factors however point out that 
there are some drawbacks. The zaranda is even more financially attractive than the patio, but shows the 
same order of THIO drawbacks. The IHCAFE dryer is very attractive according to the high THIO 
score, and as we argued, even more attractive financially than the zaranda in case the financial 
efficiency or the investments will improve slightly. We have seen above that there are in fact four 
possibilities: improving the avoided loss, the drying of other products than coffee, cheaper materials 
and use in groups. 

'
5 At least 54% ofthe producers, see question 54, chapter 4. 
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Consiclering the fact that (according to the notions in paragraph 4.3) there is no significant preferenee 
for a new technology or the traditional technology in case the producer has to do a new investment, we 
can say the zaranda and the IHCAFE-dryer are promising altematives. 

The aim ofthe research is to assess appropriate drying technology(ies) for the drying of coffee by small 
rural producers in the south of Lempira, Honduras. According to the conceptual definition of an 
appropriate technology in paragraph 1.3, this technology is the one complying most with the terms of 
reference. From the discussion above we can conclude the following for our research population, the 
coffee producing households, with a maximal production of 100 Quintal dry parchment per year, in the 
aldeas covered by the regional office of PROLESUR in Santo Tomás (Gualcince, Lempira, Honduras): 
Santo Tomás, Gualdaya, El Tablón, Las Moras, Alondra, Quelepa, V alle Nuevo, Gualcince. 

The zaranda is a more appropriate coffee drying technology than the patio, especially 
improving financial factors. The Carpa is less appropriate than the patio. The 
IHCAFE-dryer would be an appropriate altemative, and would even be more 
appropriate than the zaranda in case the initia! investments or the financial feasibility 
(NPV, JRR) could be improved slightly, which is a reasonable assumption. There are 
in fact four possibilities to achieve this: improving the avoided loss, the drying of 
other products than coffee, cheaper materials and use in groups. 

Discussion viability and generalisation results 
At first we need to say that the scale and formula used to compare the different technologies is not 
completely objective, which means the results are not hundred percent viable. Furthermore, we used 
non-probability sampling (see paragraph 2.2). Based on the data gathered however, we have strong 
indications that the results are true for the research population. 
Generalisation of the results is reasonable for populations with the same characteristics. Th at is, coffee 
producing households, with a maximal production of 100 Quintal dry parchment per year. Furthermore, 
the environment should be equal, especially the local factors (local coffee sector and local 
infrastructural and geophysical system; see paragraph 3.1.3 and 3.2). Last but not least, the results are 
only viabie in case the wet parchment is dried up to 15% humidity dry base. 

Discussion of the methodological issues 
The theoretica! model used (see paragraph 1.4) did workout well. For bigger technologies this method 
will function better, especially the financial analysis will come out better. In this research the 
technologies are too small to perform a deep financial analysis. As we have seen the financial results 
are quite sensitive to small changes in the parameters and therefore might be unreliable. This should be 
taken into account, because they intluence heavily the appropriateness of the technology. 
Furthermore, the weigh-factors used to weigh the different THIO and financial factors are the weakest 
part of the model. They are most admissible to subjective intluences. 
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7 Recommendations 

Looking at the conclusions of the previous paragraph, we have strong indications that it is interesting 
for the population to change the drying technology. It is more interesting to use the zaranda in stead of 
the patio, and under certain conditions it is even more interesting to use the IHCAFE-dryer. 
So, we firstly advise the population to use the zaranda. This technology is equal to the patio according 
to the THIO factors, but financially much more attractive than the patio. When the zaranda seems to 
function well, it is interesting to start introducing the IHCAFE-dryer. This technology will be even 
more appropriate than the zaranda if there are made some small improvements. It will be a natura! 
process to first introduce the zaranda and later the IHCAFE dryer, in stead of starting with the 
IHCAFE-dryer. This is because the zaranda is a very simple new technology and part of the solar 
drying technology. The zaranda therefore is a good introduetion or preparation for the introduetion of 
the IHCAFE-dryer. 
When introducing the IHCAFE-dryer, it should be found out what the possibilities are for increasing 
the avoided Ioss, the drying of other products than coffee, cheaper construction materials and use in 
groups. The last aspect will be covered by introducing the new technologies in groups, just to try the 
new technology, but also to try out the use in groups. 

In order to give some useful recommendations we will first get back to the theoretica! and research 
framework on page 13. Th is research led to a list of appropriate coffee drying techno logies. Looking at 
the theoretica! and research framework, we find some steps that have to be run through in order to 
reach the optima! appropriate coffee drying technology and finally to diffuse this technology. These 
steps are Test of proto-type, Corrections/modifications, Feedback, Evaluation (in order to choose the 
optima! appropriate technology) and fmally the Diffusion. Basedon these steps the following scheme is 
formed that will be explained in the next sections. 

Technology Nr. Step Who?' Year month Casts 
.. 

(L) 
Zaranda I testing of proto-type liP I oct-feb 3,360 

2 corrections and modifications p I nov-feb 3,200 
3 feedback p I feb-sept 800 
4 evaluation p I feb-sept 200 

IHCAFE-dryer 5 testing of proto-type l+P 2,3,4 whole season 
24,040 

6 corrections and modifications I+P 2,3,4 whole season 
7 feedback I+P 2,3,4 nov-aug 600 
8 evaluation p 4 sept 200 
9 planning p 4 sept-oct 400 
10 diffusion I+P 5-15 p.m. 

10% incidental 3,280 
Total costs 36,080 

'p = PROLESUR, I= IHCAFE 
''specifications ofthe costs are given in Table 30 on page 81 

1. Testing of proto-type zaranda 
The preparation should start in october by giving training in building a zaranda. This can be done by 
the local office of IHCAFE in Gualcince or by the staff of PROLESUR in Santa Tomás. Within each of 
the aldeas covered by the office of PROLESUR in Santa Tomás, PROLESUR should provide financial 
means to build two zarandas for demonstration and training. 
The drawings of a zaranda can be provided by IHCAFE. The materials (wood and metal wire netting) 
can be bought in Candelaria. Fora detailed list ofmaterials needed, see Appendix 19. 
One zaranda of 2 m2 costs I 60 L (see Tab ie 23, page 67). Building and training will co st one Iabour 
day of PROLESUR or IHCAFE (for two zarandas). This makesabout 100 L Iabour costs per aldea.46 

The total costs for eight aldeas will become 8 * (100 + 2*160) = 3360 L. 

"' Assume employees ofPROLESUR earn 2000 L per month, 20 working days; this makes 100 La day. 
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2. Corrections and modifications zaranda 
During the harvest season (from november/december until january/february) the zaranda wil! be used 
in each aldea by the participating producers. The staff of PROLESUR should monitor the use and 
maintenance of the zaranda in the different aldeas. Furthermore, they should meet regularly with the 
participating producers to discuss problems and suggest corrections and modifications. 
Costs wil! be confined by Iabour costs of PROLESUR employees. One a day per month for all eight 
aldeas, during the four harvest months (nov- dec), makes 8 * 4 * 100 = 3200 L. 

3. Feedback zaranda 
After the harvest season the terms of reference should be analysed again. Th is can be done by using a 
shortcut In each aldea an interview with the questionnaire used in this research to determine the terms 
of reference (see Appendix 6 and Appendix 7) should be conducted with one participating producer. If 
their seem to appear differences with the original terms of reference, these should be analysed further. 
Costs will be confined by Iabour costs of PROLESUR employees. One a day for each aldea will be 
sufficient. This makes 8 * I 00 = 800 L. 

4. Evaluation zaranda 
Step I, 2 and 3 may be repeated if necessary. We expect however that one season will be sufficient 
(because the zaranda is a very simp Ie technology). The evaluation of the feedback in step 3 results in 
the decision whether the IHCAFE-dryer still is an appropriate alternative which has sufficient potential 
to become more appropriate than the zaranda and the patio. If so, continue with step 5. 
Costs will be confined by Iabour costs of PROLESUR employees. If no repetition of step I, 2 and 3 is 
necessary, this evaiuation is just office work which could be done in two days. This makes 2 * 100 = 

200 L. 

5. and 6. Testing, corrections and modification of proto-type IHCAFE-dryer 
The preparation should start in october by giving training in building the IHCAFE-dryer. lt will be best 
that both the staff of the local office of IHCAFE in Gualcince and the staff of PROLESUR in Santa 
Tomás cooperate in this part. For both organisations it is interesting to Iearn more about the new 
technology. 
Because the solar dryer is more expensive than the zaranda and probably requires several seasons of 
testing and feedback, we recommend to build only two solar dryers initially, within two different aldeas 
covered by the office of PROLESUR in Santa Tomás. PROLESUR should provide financial means to 
build a solar dryer for demonstration and training. One small dryer of 4 m2 costs 780 L (see Table 23, 
page 67). Building and training will cost two Iabour days per dryer. These costs are made just one time. 
As we will see in step 8, step 5 and 6 will have to be repeated 3 years. Therefore we have to take into 
account the maintenance costs of20 L per m2 per year (see Appendix 17). Th is makes 3*8*20 = 480L. 
The drawings of the solar dryer can be provided by IHCAFE. The materials (wood, plastic and metal 
wire netting) can be bought in Candelaria. Fora detailed list ofmaterials needed, see Appendix 19. 

To analyse the possibility to use the dryer in groups, we recommend to Jet one of the dryers be used 
by a small group of about 4 or 5 producers (e.g. a Jocal group ofpROLESUR, preferabie with family or 
villagers, see question 56, page 50), and the other dryer just by one producer. 
To analyse if it is possible to use cheaper materials, we recommend to build the two dryers of 
different materials. One ofthem with normal wood, the other one with bamboo, which is financially an 
attractive altemative. Information about building dryers with bamboo can be found in A survey of sa/ar 
agricultural dryers (Brace Research lnstitute, 1975). 
F or the u se in groups and the of cheaper materials, we found in Chapter 6 that for 10% reduction of the 
initia! in vestment costs the solar dryer would be more attractive than the zaranda. 

Furthermore, special attention should be paid to the avoided toss. lt is very interesting for the financial 
feasibility to know more exactly what these avoided losses are. We found in Chapter 6 that for an 
avoided loss of 7% in stead of 4% the solar dryer would be financially feasible compared to the 
zaranda. This research will cost 2 days Iabour costs each month during the harvest, this makes 2*4* IOO 
= 800 L each year. 
After the harvest we recommend to try to dry fruits (mango, orange, lime, banana, pineapple), because 
in the former chapter was stated too that the possibilities to dry other products with the dryer should be 
analysed. The seasons for these fruits vary form march to august and do not interfere with the coffee 
harvest Attention should be paid to teehuical aspects as well as socio-economie aspects. A market 
study should be performed in order to find out what kind of fruits are most interesting and what the 
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yields are. Among the population of coffee producers should be analysed whether they are interested in 
drying fruits with commercial ends and if it is technically possible (climate, area needed, kind of soil 
needed for the fruits). More information about the drying of fruits can be found in Secadores Solares 
para Fruta (lnstituto Centroamericano de Investigacion y Technologia Industrial (ICAITI), 1989). As 
we saw in paragraph 1.2, this study states that small roodels of solar dryers for dornestic drying of fruits 
are technically feasible. 
As we have seen in Chapter 6, fora solar dryer for 32 Quintal (34m2

, see Table 23), the net cash flow 
for one season should rise 816 L in order to reach the proper NPV and IRR. This means the extra net 
cash flow generated by drying fruits should be at least 816/34 = 24 L per m2 of solar dryer. 
The drying of fruits will be a complete study. One staff member will need half of his time for half a 
year. With a salary of 2000 L per month this makes 0.5* 6 * 2000 = 6000 L each year. Furthermore 
some raw materials (fresh fruits) should be bought forabout 400 L each year. 

In Table 29 we summarised the different possibilities to improve the solar dryer and the norms that 
should be met to make the possibilities feasible. It should be taken into account that these norms are 
absolute, this means that just one of them would be sufficient to make the IHCAFE-dryer more 
appropriate than the zaranda. So, combinations like e.g. 5% reduction of initia! investment by use in 
groups and 5% by cheaper materials are feasible, too. 

Table 29: Possibilities to imprave the JHCAFE-dryer and the norms that should be met (step 5 and 6) 

Possibility for impravement 
-use dryer in groups 
-cheaper materials 
-avoided losses 
-dry fruits 
Smtrce: text above 

Norm 
at least I 0% reduction of initia! in vestment costs 
at least 10% reduction of initia! in vestment costs 
increase of 4% to at least 7% 
generateat least 24L extra net cash flow per m2 of dryer 

So, during the harvest season (from november/december until january/february) the two solar dryers 
will be used to dry coffee by the producers cited above. After the harvest the dryers will be used to dry 
fruits. The staff of PROLESUR and IHCAFE should monitor the use and maintenance of the solar 
dryers in the two sites. Furthermore, they should meet regularly with the participating producers to 
discuss probieros and suggest corrections and modifications. 

7. Feedback IHCAFE-dryer 
After the harvest season ofthe fruits, the terms ofreference should be analysed again. This can be done 
by using a shortcut At the two sites an interview with the questionnaire used in this research to 
determine the terms of reference (see Appendix 6 and Appendix 7) should be conducted with one 
participating producer. If their seem to appear differences with the original terms of reference, these 
should be analysed further. 
Costs will be confined by Iabour costs of PROLESUR employees. One a day for each aldea will be 
sufficient. This makes 2 * 100 = 200 L each year. 

8. Evaluation 
Step 5, 6 and 7 may be repeated if necessary. We expect that two or three seasons will be sufficient. 
The evaluation of the feedback in step 7 results in the decision whether the IHCAFE-dryer is more 
appropriate than the zaranda and the patio or not. This is also the moment to conclude which of the 
different technologies is the optima/ appropriate coffee drying technology for the research population. 
Th is evaluation should be done in september in order to be ready before the new harvest season. 
The costs of step 8 will be confined by Iabour costs of PROLESUR employees. Th is evaluation is just 
office work that could be done in two days. Th is makes 2 * 100 = 200 L. 

9. Planning 
In the previous step the optima! appropriate coffee drying technology is chosen. With that knowledge a 
plan can be written for the diffusion ofthe optima! appropriate technology. 
A few things should be taken into consideration when writing a plan for diffusion. At first we look 
back again at the theoretica! and research framework on page 13. We can see that the variables 
international, national and local eajJee sector and the local infrastructural and geophysical system are not 

79 



Chapter 7 Recommendations 

surrounded by borders in the model. Th is means that in theory they influence all the steps in the model, also 
the last one, the diffosion. So, according to our research model we have to consider these variables when 
planning the diffusion. We can find these variables in the conclusions of Chapter 3. The most important 
items are repeated here: 

the market suffers from fluctuating (low) international prices and locally the intermediarios 
have a monopoly in determining prices, they determine their own prices which are lower than 
the prices in accessible areas; this means the producers should be careful with huge 
investments, because their income is very insecure. 
the producers have a low level of organisation and low confidence in their own power to solve 
communal problems; we have seen however that drying in groups might decrease the costs 
and therefore drying in groups should be promoted, starting with groups of about 5 producers 
(preferably family and villagers); PROLESUR should continue assisting any form of 
organisation that actually exists, as they are doing now. 
actually a bad quality of coffee while improving quality does not yield more pro fit, except in 
the cooperativas; which means stimulating producing in cooperativas will increase profit of 
the local producers; however, we have seen in the previous item that organisation is still a 
difficult item. So, first small organisations (about 5 producers) should be promoted with the 
final goal to produce in large cooperativas (with 100 or 200 producers). 
locally there is a bad road network and for most householcts (90%) the on1y means of 
transportation is by foot or anima!; this means the drying technology should be near the 
beneficia (site for peeling and washing the beans). Especially when the drying in groups 
works out well, this will be a problem to be encountered: where do we place the increased 
drying unit? 

Furthermore, the following should be taken into consideration when planning the diffusion of the 
optima! drying technology. A very important aspect of the process of diffusion is the adoption of the 
technology by the potential users. According to Rogers (1983, pp.242-247), the adoption of an 
innovation is a process that occurs in different stages, as we can see in Figure 22, in which x represents 
the time of adoption and sd the standard deviation. "The innovativeness dimension, as measured by the 
time at which an individual adopts an innovation, is continuous. This variable, however, may be 
partitioned into five adapter categories by laying off standard deviations from the average time of 
adoption" (Rogers, 1983, p.247). First a small group, the innovators (2.5%), wil! adopt the innovation, 
aftersome time a slightly bigger group will follow, the early adapters (13.5%), later on wil! follow the 
early majority (34%), then the late majority (34%) and finally the laggards (16%). Rogers does not 
give an indication for the periods between the different stages because this depends on the type of 
innovation. We will assume that every group needs two seasons, which means that in case of a 
successful diffusion, the whole process wil! take about ten years. 1t also means that when the diffusion 
is still smal! after four years, this does not mean the diffusion wil! fail, the huge diffusion will take 
place between four and eight years after the first introduction. 

Early 
Adopters Majorily 

13.5% 34% 

x- 2sd x- sd 

L:uc 
Majority 

34% 
Laggards 

16% 

x·sd 

Figure 22: Adapter categorisation on the basis ofinnovativeness. (Source: Rogers, 1983, p.247) 

The costs of step 9, the writing of the diffusion plan, wil! be confined by Iabour costs of PROLESUR 
employees. The planning is ju st office work which could be done in four days. Th is makes 4 * 100 = 

400 L. 
We advise to discuss the plan with different parties, especially the producers, IHCAFE and the existing 
cooperativa in Gualcinse (COSAGUAL). 
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10. Diffusion 
The whole processof diffusion will take about ten years, as we saw in step 9. The processof diffusion 
should be directed and monitored by PROLESUR (experience in diffusion of technologies) and 
IHCAFE (experience in coffee drying technologies). The costs of the diffusion cannot be estimated at 
this moment. 

The costs of all steps are specified in Table 30. 

Table 30: Overview casts of implementation of recommendations in Lempiras. 

Labour costs Maintenance Initia! investment Raw materials Tot al 
step 

I building and 800 16 zarandas 2,560 3360 
training of2 m2 

2 monitoring 3,200 3200 

3 research 800 800 

4 cvaluation 200 200 

5!6" -building 400 2 dryers 480 2 dryers of 1,560 fruits 1,200 24,040 
and training of4m2 4m2 (3 years) 
-study 2,400 (3 ycars) 
avoided loss 
(3 years) 
-study fruits 18,000 
(3 years) 

7 research 600 600 
(3 years) 

8 evaluation 200 200 

9 planning 400 400 

10 diffusion p.m p.m p.m p.m p.m 

incidental 2,700 48 412 120 3,280 
cxpenditure (10%) 

TOT AL 29, 70() 528 4,532 1,320 36,080 

Source: text above 
"ünc Iabour day of PROLESUR employees in the Jield otlices costs I 00 L 
'"Some ofthc costs comeback every year; we assumcd a period ofthrce years is necessary for step 5,6,7 
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Appendix 1: List ofKey-persons 

Campen, Bart van 
PROLESUR, Junior Professional Officer in the field of energy. 

Cerrato, Michelle 
Beneficia de Café Montecristo (BECAMO). 

Cherrett, lan 
PROLESUR, A TP (international director) 

Deugd, Michelle 
PROLESUR, Junior Professional Officer, in the field of agronomy. 

Flores, German 
PROLESUR. Engineer of PROLESUR, memher of board of di rectors. Coffee producer. 

Hipp, Juan 
Porducer in La Alianza, Colinas, Santa Barbara. Uses solar dryers, based on the idea of dryers from 
Brazil. 

Marquez, G. 
UNICAFE. Engineer specialised in quality of coffee. 

Marquez, Miguel 
Beneficio de Café Montecristo (BECAMO). Manager Commercialisation (Gerente comercializacion). 

Meinders, Don 
Finca AGAPE, Proyecto ADELANTE. Coffee producer. 

Mejia, Marion 
PROLESUR I IHCAFE. Engineer in cultivating coffee. Coffee expert of PROLESUR. 

Morales, Cupertino 
COSAGUAL (cooperativa Gualcinse) 

Pena, Luis 
Bodega Erapuca. Director business house Bodega Erapuca. 

Perez, Gustavo 
COSAGUAL (cooperativa Gualcinse) 

Pineda, Carlos 
IHCAFE. Engineer in beneficia (processing) of coffee. Expert in drying coffee. 

Reyes Fernández, Celso 
IHCAFE. Engineer in beneficia (processing) of coffee. 

Reyes, Francisco (Paco) 
COSAGUAL (cooperativa Gualcinse) 

Martinez, Victoriano (Don Victoriano) 
Coffee producer in Santa Tomás. 

89 



Appendix 2 Country profile 

Appendix 2: Country profile 

Table 3/:External trade: Exports Honduras; principal commodities (US$ million) 

Exports f.o.b. 1990 1991 1992 
Bananas 357.9 314.4 294.0 
Coffee 180.9 145.9 144.8 
Wood 16.1 15.3 15.8 
Meat 25.3 31.4 34.0 
Shellfish 65.7 92.9 96.8 
Sugar 12.4 8.4 5.8 
Total (incl. others) 837.4 801.3 822.4 
Source: Honduras in: South America, CentralAmerica and the Caribbean 1995, p.397 

Country Profile 

Source: The World Factbook 1999; Honduras (CIA, 1999) 

Geography 

Location: Middle America, hordering the Caribbean Sea, between Guatemala and Nicaragua and 
hordering the North Pacific Ocean, between El Salvador and Nicaragua. 

Geographic coordinates: 15 00 N, 86 30 W 

Area: 112,090 sq km 

Climate: subtropical in lowlands, temperate in mountains 

Terrain: mostly mountains in interior, narrow coastal plains 

Natura! resources: timber, gold, silver, copper, lead, zinc, iron ore, antimony, coat, fish 

Land use: 
arabie land: 15% 
permanent crops: 3% 
permanent pastures: 14% 
forests and woodland: 54% 
other: 14% (1993 est.) 

Irrigated land: 740 sq km (1993 est.) 

Natura! hazards: frequent, but generally mild, earthquakes; darnaging hurricanes and floods along 
Caribbean coast 

Environment-current issues: urban population expanding; deforestation results from logging and the 
clearing of land for agricultural purposes; further land degradation and soi1 erosion hastened by 
uncontrolled development and improper land use practices such as farming of margin al lands; mining 
activities polluting Lagode Yojoa (the country's largest souree of fresh water) as well as several rivers 
and streams with heavy metals; severe Hurricane Mitch damage. 
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Environment-international agreements: 
party to: Biodiversity, Climate Change, Desertification, Endangered Species, Hazardous Wastes, Law 
ofthe Sea, Marine Dumping, Nuclear Test Ban, Ozone Layer Protection, Tropical Timber 83, Tropical 
Timber 94, Wetlands signed, but not ratified: Climate Change-Kyoto Protocol 

People 

Population: 5,997,327 (July 1999 est.) 

Age structure: 
0-14 years: 41% (male 1,262,190; female 1,217,752) 
15-64 years: 55% (male I ,643,550; female 1 ,665,666) 
65 years and over: 4% (male 98,715; female 109,454) (1999 est.) 

Population growth rate: 2.24% (1999 est.) 

Birth ra te: 30.98 births/1 ,000 population (1999 est.) 

Death rate: 7.14 deaths/1,000 population (1999 est.) 

Net migration rate: -1.46 migrant(s)/1,000 population (1999 est.) 

Sex ratio: 
at birth: 1.05 male(s)/female 
under 15 years: 1.04 male(s)/female 
15-64 years: 0.99 male(s)/female 
65 years and over: 0.9 male(s)/female 
total population: 1 male(s)/fema1e ( 1999 est.) 

Infant mortality ra te: 40.84 deaths/1 ,000 live births (1999 est.) 

Life expectancy at birth: 
total population: 64.68 years 
male: 63.16 years 
female: 66.27 years (1999 est.) 

Total fertility rate: 3.97 children bom/woman (1999 est.) 

Literacy: 
definition: age 15 and over can read and write 
total population: 72.7% (1995 est.) 

Economy 

Economy-overview: 
Prior to Hurricane Mitch inthefall of 1998, Honduras had been pursuing a moderate economie reform 
program and had posted strong annua1 growth numbers. The storm has dramatically changed economie 
forecasts for Honduras, one ofthe poorest countries in CentralAmerica and the hardest hit by Mitch. 
Honduras sustained approximate1y $3 hiliion in damages and will probab1y see GDP shrink by 2% in 
1999 and unemp1oyment rise. Hardest hit was the all-important agricultural sector, which is responsib1e 
for the majority of exports. As a result, the trade deficit is likely to balloon in 1999 to $445 million. 
However, significant aid has helped to stabilize the country. In addition, the Paris Club and bi1ateral 
creditors have offered substantial debt relief, and Tegucigalpa is currently under consideration for 
inclusion in the IMF-World Bank Highly Indebted Poor Countries Initiative (HIPC). Additional 
financing will be needed to restore the economy to its pre-Mitch level. 
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GDP: 
GDP: purchasing power parity-$14.4 billion (1998 est.) 
GDP-real growth rate: 3% (1998 est.) 
GDP-per capita: purchasing power parity-$2,400 (1998 est.) 
GDP-composition by sector: 

agriculture: 20% 
industry: 19% 
services: 61% ( 1997) 

Population below poverty Iine: 50% (1992 est.) 

Household income or consumption by percentage share: 
lowest I 0%: 1.2% 
highest 10%:42.1% (1996) 

Inflation rate (consumer prices): 14.5% (1998 est.) 

Labor force: 1.3 million (1997 est.) 

Labor force-by occupation: agriculture 37%, services 39%, industry 24% (1996) 

Unemployment rate: 6.3% (1997); underemployed 30% (1997 est.) 

Budget: 
revenues: $655 million 
expenditures: $850 million, including capita! expenditures of$150 million (1997 est.) 

Industries: sugar, coffee, textiles, clothing, wood products 

lndustrial production growth rate: 10% (1992 est.) 

Electricity-production: 2.73 biJlion kWh (1996) 

Agriculture-products: bananas, coffee, citrus; beef; timber; shrimp 

Exports: $1.3 billion (f.o.b., 1996) 

Exports-commodities: bananas, coffee, shrimp, lobster, minerals, meat, lumber 

Exports-partners: US 54%, Germany 7%, Belgium 5%, Japan 4%, Spain 3% (1995) 

Imports: $1.8 billion (c.i.f. 1996) 

Country profile 

Imports-commodities: machinery and transport equipment, industrial raw materials, chemica! 
products, manufactured goods, 
fuel and oil, foodstuffs 

Imports-partners: US 43%, Guatemala 5%, Japan 5%, Germany 4%, Mexico 3%, El Salvador 3% 
(1995) 

Debt-external: $4.1 billion (1995) 

Economie aid-recipient: $418.7 million (1995) 

Currency: 1 lempira (L) = 100 centavos 

Exchange rates: lempiras (L) per US$1 (end ofperiod)-13.8076 (December 1998), 13.8076 (1998), 
13.0942 (1997), 12.8694 (1996), 10.3432 (1995), 9.4001 (1994) 
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Transportation 

Railways: 
total: 595 km 
narrow gauge: 190 km 1.067-m gauge; 128 km 1.057-m gauge; 277 km 0.914-m gauge 

Highways: 
total: 14,173 km 
paved: 3,126 km 
unpaved: 11,047 km (1998 est.) 

Waterways: 465 km navigable by small craft 

Airports: 122 (1998 est.) 
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Appendix 3: Maps 

Map of Honduras (source: U.S. Central Intelligence Agency (CIA) (1999). The World Factbook 
1999; Honduras. CIA) 
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Appendix 4 Theoretica/ model o(Gaillard 

Appendix 4: Theoretica! model of GaiHard 

Source: Gaillard, (1995). Evaluation of technica/ development projects; sysnopsis for ON /5/(Diktaat 
nr.l536) 
overview 5, p.26: 

'The ideal sequence when designing and producing products "appropriate" for developing countries' 

:BASIC NEEDS .. TZCnNOLOGICAL NEEDS - CHOICE OF - "... PRIORITIES 
1. water 1.a.cement :pit 1 • a. ? 

( supply) b. b. ? . ..... 
2.health, 2.a.soap 2.a. ? 

hygiene b. b. ? ...... 
3.food 3.a.solar dry er ).a. ? 

(production, b.maize-mill b. ? 

manufacturing, c.storage of c. ? 

storage,conser- cassave 
·.ra ti on d. d. ? 

• •••• 0 

4.transport 4.a. byeiele 4.a. ? 

b.ox-cart b. ? 

c. . . . . . . c. ? 

5. energ""~J 5.a.wood-stove 5. a. ? 

o. ...... b. ? 

6.shelter 6.a. • • • 0 • • 6.a. ? 

b. 0 • • • • • b. ? 

7. ...... 7.a. 0 • • • • 0 7.a. ? 

o. • •••• 0 b. ? 
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Appendix 4 Theoretica/ model o[Gaillard 

SOCIO-ECONOMIC · TECHNOLOGTCAL 
._ REQUIRELVIENTS REQUIREMENTS 

1 
I'" 

I 1 , 
(im)possibilities l (im)possibilities 

-~ 

.Ir 
CONFRONTATION WITH EXISTING 
ALTERNATIVES 

l 
TEST OF. PROTO-~fPEJ 

l 
CORRECTIONS/MODIFICATIONS j 

11 OP·TIMAL AP?ROPRIATE PRODUCT 11 ] 
l 

DETERMINATION MARKET-SIZEj 

__ l· 
DZTERMINATION RELATIVE LABO~R-INTENSIVE 
STEPS OF THE PRODUCTION-PROCES 

l 
DETERlVIINATION TYPE OF PRODUCTION-UNIT_j 

l 
DE'rERl\UNATION PRODUCTION-COSTSj 

1 
RELATION COST PRICE + MARGIN OF PnOFIT/ 

ACCEPTABLE SELLING-PRICE 

,..._ 

~ 11 OPTIMAL APPROPRIATE PRODUCTION-PROCES 11 

//////LL 
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Appendix 5 Checklist Environment 

Appendix 5: Checklist Environment 

5.1 Checklist International coffee sector 

• global distribution of coffee sector 
• global position of Honduras in coffee sector 
• international trends in prices 
• international market mechanism for coffee 
• influence international market on national economy and coffee sector in particular 
• international quality standards 

5.2 Checklist national coffee sector 

• national production size 
• national socio-economie impact of coffee sector 
• national distri bution of coffee production 
• national trends in coffee production 
• national production chain profile 

level of processing 
participants 
training and knowledge 

• national institutional and organisational profile 
• national market mechanism 
• national trends in prices 
• actual problems in the national sector 

5.3 Checklist local coffee sector 

• Iocal production size 
• Iocal distribution of coffee production 
• Iocal production chain profile 

level of processing 
participants 

• local institutional and organisational profile 
• Iocal market mechanism 
• Iocal trends in prices 
• training and knowledge 
• actual problems in the Iocal sector 

5.4 Checklist local infrastructural and geophysical system 

• quality and quantity of roads 
• means oftransportation 
• operation facilities (water, electricity, gasoline) 
• technica! workshops 
• Iabour available (skills) 
• geographical characteristics 
• meteorological characteristics 

98 



Appendix6 Questionnaire Technological Requirements 

Appendix 6: Questionnaire Technological requirements 

Tab/e 32: Identification 

Question Code Answer 
Indentification I. Identification number 1-35 

2. Name - Open 
3. Aldea 1 Santo Tomás 

2 Gualdaya 
3 El Tablón 
4 Las Moras 
5 A Iondra 
6 Quelepa 
7 V alle Nuevo 
8 Gualcince 

4. Do you actually have a patio? 1 yes 
2 no 

5. How much land do you have? 1 :::;1<10ha 
2 <1 ha 

Table 33: Questionnaire technological requirements 

Technological Question Code Answer 
requirements 
output 6. How do you sell your coffee? 1 Fresh cherry 

2 washed 
3 wet parchment 
4 dry parchment 

7. Up to which humidity do you dry? 1 :::;12:::;15 
2 <15:::;30 
3 <30:::;40 
4 >40 
5 do notdry 

8. How much dry parchment do you Open (Calculate average) 
produce this season (1998-1999)? 
( .... Quintal dry parchment) 

9. And last season (1997 -1998)? Open (Calculate average) 
( .... Quintal dry parchment) 

10. Ifyou produce in a group, how much Open (Omitted from 
dry parchment did the group produce analysis) 
this season? 
( .... Quintal dry parchment) 

11. And last season? Open (Omitted from 
( .... Quintal dry parchment) analysis) 

12. Do you produce other products than 1 yes 
coffee for sale? 2 no 

13. lfyes, which products? - Open {lnventory) 
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Appendix6 Questionnaire Technological Requirements 

input 14. What kind of coffee do you produce? 1 Indio 
2 Caturra 
3 other 

15. If"other", which kind? - Open (lnventory) 
16. How much galón fresh cherry do you Open (Calculate average) 

collect on one day during harvest? 
( .... Galón fresh cherry) 

17. Do you buy fresh cherry of other 1 yes 
producers for drying? 2 no 

18. If"yes", how much peryear? Open (lnventory) 
( ..... Galón fresh cherry) 

Production process 19. Do you dry other products than coffee 1 yes 
(ifthere already is on the patio? 2 no 
a patio) 

20. If"yes", which products? - Open (lnventory) 
21. If"yes", when do you dry these 1 october 

products? 2 november 
3 december 
4 january 
5 february 
6 mareh-september 

22. lf"yes", is there interference with the 1 yes 
drying of coffee? 2 no 

23. Ifthere is interference, does this give 1 yes 
any problems? 2 no 

24. What is the dimension ofthe patio? Open (Calculate average) 
( ... m2) 

25. How much coffee can you put at this Open (Calculate average) 
patio at once? 
( .... Quintal dry parchment) 

26. Is the area ofyou patio sufficient? I yes 
2 no 

27. If no, what is the area you need extra to Open (Calculate average) 
have sufticient area for the dying? 
( .... m2) 

28. Are there more producers that use your 1 yes 
patio? 2 no 

29. Ifyes, who? - Open (lnventory) 
30. lfyes, how much coffee do they have to Open (Calculate average) 

dry extra on your patio per season? 
( .... Quintal dry parchment) 

31. Ifyou produce in a group, how many Open (Omitted from 
patios are there? analysis) 
( ... patios) 

32. Ifyou produce in a group, what is the Open (Omitted from 
total area ofthe patios? analysis) 
( ... m2) 
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Appendix 7: Questionnaire Socio-economie requirements 

Table 34: Questionnaire Socio-economie requirements 

Socio-economie Question Code Answer 
requirements 
Actual probieros 33. What are the probieros related to the Open (Key-words) 
according to process of drying coffee on the patio? 
research population Can you give examples? 

34. Wh at kind of damage does there occur Open (Key-words) 
during the process of drying? 

35. Can you estimate the quantity of the 1 yes 
losses that occur during the process of 2 no 
drying? 

36. Ifyes, what is the percentage ofthe Open (Calculate average) 
production that is damaged? 
(percentage ofyearly production) 

37. What percentage of the normal price do Open (Inventory) 
you get for the damaged dry parchment? 
(percentage of normal price) 

Actual knowledge 38. Who is responsible in the process of 1 Man 
of the different drying? 2 Wife 
alternatives 3 Son/daughter 
available 4 Whole family 

5 workman 
6 other 

39. Ifyou dry on a patio, whodoes spread, 1 Man 
move and recollect the coffee? 2 Wife 

3 Son/daughter 
4 Whole family 
5 workman 
6 other 

40. lfyou had to explain toanother Open (lnventory) 
producer what a solar dryer is, what 
would you say? 

41. Ifyou had to explain toanother Open (Inventory) 
producer what a zaranda is, what would 
you say? 

Willingness to Before these questions some explanation 
invest in new will be given about the zaranda and asolar 
technologies dry er 

42. In spite ofthe disadvantages ofthe solar 1 yes 
dryer, do you think it is worth it 2 no 
investing in this technology? 3 do not know 

43. Why/why not? Open (Key-words) 
44. If you would have 1,000 lps, would you 1 solar dryer 

prefer to in vest in a solar dryer or in a 2 patio 
patio? 3 do not know 

45. Why/why not? Open (Key-words) 
46. What sourees for investments do you Open (Key-words) 

u se? 
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Possibility to 47. Do you produce alone or in group? 1 alone 
organise the smal! 2 group 
coffee producers 

48. Ifyou produce in a group, what is the Open (Omitted from 
number ofpersons? analysis) 
(Number ofpersons: ... ) 

49. What is the relationship between the Open (Omitted from 
persons? analysis) 

50. The group only produces coffee or also I only coffee 
other products? 2 also other products 

51. I fa lso other products, what kind of Open (Omitted from 
products? analysis) 

52. Do you participate in any other form of I Yes 
organisation concemed with the 2 No 
production of coffee? 

53. Ifyes, which organisation(s)? Open (Key-words) 
54. Wouid you Iike to use a new drying 1 yes 

technology, Iike e.g. a soiar dryer, in an 2 no 
organised form? 3 do not know 

55. Why I why not? Open (Key-words) 
56. lfyes (question 54), with who would Open (Inventory) 

you like to co-operate to try a new 
drying technology? 
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30a: 

not applicable 
Respondent number 9 gave the answer 132 for question 27. This answer is unrealistic and will be omi«ed from the analysis. 
(kB+k9)/2 + k1B/13 + k30 

Average of 
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B 
9 

8 and 9 
16 
24 
25 
27 
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N Averaae 
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D 5 
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(two respondents did nothave an answer) 
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Appendix JO Etaboration o[assignment 

Appendix 10: Elaboration of assignment 

Basedon the research proposal (Ierse!, 1998, p.l3), the first step taken was formulating the main goals 
of drying which are aimed at by the local farmers and to give a first indication of the knowledge and 
social acceptation of solar dryers. The following questions were used during the first three weeks to 
conduct some interviews with different kinds of key-persons (among them were some farmers in 
Lempira and some experts in different areas of PROLESUR): 

• Wh at probieros are there concerning the preservation or selling of food and how bad are they? 
• To which commodity could drying be a solution? 
• What are the actuallosses ofthis particular commodity? 
• Is the aim to dry in order to increase the sale (commercial use) or to cut down losses (after self-

sustaining crops and secondarily selling offthe excess dried products)? 
• Is the aim to dry in order to preserve or to refine a product? 
• Is the drying technology fora domestic, cottage-industry, or semi-industrial use? 
• Who is the end user? 
• To what extent are solar dryers known to local people? 
• Would asolar dryer be accepted socially, especially by the probable end-users: women? 

These interviews made clear that fruits are hardly dried at the moment nor produced with commercial 
ends. There is some commercial production (pineapples, oranges, bananas and mangos), but these are 
all sold fresh, not dried. The products that are being dried are grains, beans and coffee. 1t turned out 
that the farmers were not content with the drying process of coffee. The actually used technology, the 
patio, is far from ideal. This made us decide to focus on the drying of coffee in stead of fruits, and the 
problem was worked out into the aim and research question as stated in paragraph l.I. 
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Appendix 11: Basic notions on drying technology 

The mechanisms of drying1 

According to Brenndorfer (1985, p.25), "a complete understanding ofthe mechanism of drying has yet 
to be fully developed". According to MDI (1995, p.46) this does not really matter: "Most of the 
published works on drying report on fundamental studies of the internal conditions of heat and mass 
transfer, the microscopie behaviour of materials while drying. This is useful in understanding the 
process, but has limited usefulness in selecting, designing, and operating dryers - specifically solar 
dryers." They argue the external conditions are more important. Anyhow, it is important to have at least 
a basic understanding ofthe fundamental conceptsof drying. 
There are two basic phenomena involved in the drying operation: 

1. evaporation of moisture from the surface; 
2. migration of moisture from the interior of a partiele to the surface. 

Evaporation of moisture from the surface 
Moisture evaporates from a wet surface in much the same way as it evaporates from a free water 
surface. This means the factors affecting the rate of drying will resembie those affecting the rate of 
evaporation from a free water surface. So, the evaporation rate mainly depends on temperature, 
humidity and.fiow rate of convective medium. 
The rate of evaporation is proportional to the difference between the saturated vapour pressure of water 
at the surface temperature, P., and the partial vapour pressure of the water in the adjacent air, P •. The 
vapour pressure, P" increases with increase in air temperature, whereas P. increases with humidity at 
any fixed temperature. In practical terms the warmer the air the greater the difference P5 - Pa and 
hence the greater the rate of evaporation; the more humid the air the smaller the difference P,- Pa and 
hence a lower rate of evaporation. 
Next to the temperature and the humidity, also the movement of air over the partiele surface is of great 
importance. Moisture leaving the partiele surface will increase the humidity of the surrounding air 
which in turn will slow down the rate of evaporation, because although P5 is constant, P. is rising. Thus 
unless the air surrounding the partiele is replaced by fresh, relatively dry air, an equilibrium will be 
reached between the partiele and the air and evaporation will not continue. In practice this is rarely the 
case si nee even under very low natura! convection there is suffïcient movement of air for evaporation 
to proceed. lncreasing the air velocity (for example by a fan) will markedly increase the rate of 
evaporation as the surface of the partiele will be in contact with relatively dry air at all times. In 
practice there is an economie limit to the gains by further increases in velocity. 
The factors discussed here, all have to do with convection as a process to provide heat to evaparate 
moisture from a surface. Especially in the case of solar drying, a lso the radiation of heat to the partiele 
is of importance. 

lnternal migration ofmoisture 
1t is supposed that there are two principal mechanisms for moisture migration, diffusion and capillary 
flow. The temperature of the partiele, its moisture content ( or moisture gradients) and the physical 
dimensions of the partiele are the most important factors affecting the rate of moisture migration, but 
the internal structure and composition ofthe material arealso of importance. 
So, the structure of the product to be dried will influence the drying characteristics. For coffee some 
in formation about this structure can be found in Appendix 15. 

The general equation for diffusion of liquid through aporous solid is: 

with 

~M =D?=M 

M 
t 
0 
x 

àt àx 2 

(kg/kg) 
(s) 
(m2/s) 
(m) 

= moisture content, dry base 
=time 
= diffusion coefficient 
= distance from the partiele surface 

1 Theory in this paragraph is basedon Brenndorfer (1985, Chapter 4) and MDI (1995, app. 3). 
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Analysing this equation shows the following. The diffusion coefficient will be supposed to be constant. 
So, the change in moisture content with time is proportional to the change in moisture gradient across 
the partiele from interior to surface. 
In practical terros one could say that the rate of drying decreases with decrease in moisture content but 
increases with decrease in partiele size. 

The different stages in the process of drying eajJee 
The rate of drying is the change in moisture content with time. The process of drying coffee can be 
divided into different stages, basedon this concept of drying rate, during the drying period: the constant 
rate and the falling. During the constant rate drying period, the rate of moisture migration from the 
interior ofthe partiele to the surface is sufficiently high to maintain the surface in a completely wetted 
condition. Under these circumstances the rate of drying of the partiele is controlled by the rate of 
evaporation from the surface, which is controlled by the condition of the air adjacent to the surface. 
This results in the constant rate drying period as shown as part AB ofthe curve in Figure 24. The point 
B at which the drying starts to decrease is termed the critica! moisture content. According to MDI 
(1995, p.47), this point lies at approximately 45% for coffee beans. Below the critica! moisture content 
the rate of drying decreases tending to zero at the equilibrium moisture content. Th is period of drying is 
termed the falling rate period, part BC in Figure 24. The rate of drying is determined by the 
mechanisms for moisture movement in a solid. 

'-----------~--~----
0fying Time 

Figure 23: Drying curve (Brenndorfer, 1985, p.28) 

"' c ·;:. 
0 
ö 
E .. 
a: 

B A 

r 
Moisture Content 

Figure 24: Drying rate curve (Brenndorfer, 1985, p.28) 

The higher temperatures bring the danger of darnaging the grain, so the temperature should be 
controlled carefully. The dryer the grain gets, the slower the process of drying. You need considerably 
more warm dry air than at the beginning of the process to evaporate the same amount of water. Th is 
makes the last part of the process inefficient. Methods of recycling the heated air can solve this 
problem partly. One possibility is to reduce the air velocity during the end ofthe drying process, to give 
more change for the water to evaporate. 

111 



Appendix 11 Basic notions on drying technology 

Some measuring methods 

Determining moisture content 
There are various methods for determining the moisture content, which make use of different 
principles. One of them is the thermo-gravimetrie method, which is "applicable for nearly all materials, 
being very accurate and simple at the same time" (MDI, 1995, p.l6). 
A small sample of the material is weighed and then dried in an oven completely for I or 2 hours at 
about 200 °C. The dry sample is weighed again and the mass-Ioss gives the moisture content. The only 
necessary instrument are an oven and a balance. 
According to Reyes2

, the method is applicable for coffee. The method is applicable for all values of 
moisture content. The accuracy of the method is below I%. 

The moisture content is given on dry or wet bases. They are defined as follows: 
m1 = mass ofwet sample 
m2 = mass of completely dried sample 
Moisture content, dry base, mcd: mcd = (m1- m2) I m2 
Moisture content, wet base, mcw: mcw = (m1- m2) I m1 
Normally the moisture content dry base is used. 

All-fossil-fuel (or Mechanical) drying 
In this part a more detailed elaboration is given of the mechanica! dryers discussed in paragraph 3.4. 
Unless stated differently, the information below comes from Tecnologia en Beneficia de Café (Cieves, 
1998). 

All types of mechanica! dryers consist of the following components: a) heat-source; b) fan, to force the 
hot air trough the grain; c) a structure to put the Ioad of coffee to be dried. Furthermore, most types 
contain a mechanism to maintain the grain in movement to get more efficient heat transfer and uniform 
drying. The most common mechanisms are the 'mecánico-gravidad' (vertical) and the one in which the 
dryer itselfmoves (Guardiola). There exist some other mechanisms which are less common. 
Furthermore, there are two types of heat-transfer. The older mechanica) dryers mix the combustion 
gasses with air. This mixture of gasses is exposed to the coffee directly to dry the grain. But the 
combustion gasses have deteriorating effects on the quality of the coffee (taste and smell). Nowadays, 
this system is hardly used, and if it is used only for pre-drying. The modern systems use heat
exchangers to transfer the heat of the combustion gasses to clean air. Th is heated clean air is directly 
exposed to the coffee. 
The flow of air has basically two functions, transfer of heat to the grain and transportation of the water 
vapour. Nowadays, high air-flow rates are preferred to high temperatures. This has to do with quality 
considerations. The older Guardiola has high internal air-flow resistance, which is one of the reasons 
for the lower efficiency compared to the vertical dryers. 

When mechanica) dryers are used you can distinguish two stages in the drying process: Pre-drying and 
Drying. The pre-drying is sometimes done by putting the coffee outside on patios but more and more 
by using mechanica) pre-dryers. Pre-drying is characterised by a high rate of evaporation, because in 
this stage the superficial water evaporates. If mechanica) pre-dryers are used, you can use air 
temperatures up to 70 degrees. Because it is a endothermic process and because of the high rate of 
evaporation, the grain will not rise in temperature as much. But if high temperatures are used it is also 
necessary to use as high an air-flow as possible. 
While during the pre-drying process the temperature of the grain stays low, in the next stage, the 
drying, the temperature ofthe grain will have to rise. The phase ofpre-drying results in case-hardening. 
This makes the drying process more difficult because the water inside will experience more and more 
resistance by the growing dry case. The only way to solve this problem is elevating the temperature. In 
future, however, some technologies with micro-waves may be a better option to solve this problem. 
The higher temperatures bring the danger of darnaging the grain, so the temperature should be 
controlled carefully and you need considerably more warm dry air than at the beginning of the process 
to evaporate the same amount of water. Th is makes the last part of the process inefficient. Methods of 

2 Reyes, employee IHCAFE, key person, also see Appendix I. 
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recycling the heated air can solve this problem partly. One possibility is to reduce the air velocity 
during the end ofthe drying process, to give more chance for the water to evaporate. 

An important development in mechanica! drying is the evolution of the heat generating systems. The 
new "multiples" ovens are characterised by high efficiency and high levels of airflow which permits 
temperatures to be moderate. One of the main characteristics is the use of biomass instead of diesel. 
The high durability and the low operation casts makes the Multiple oven substitute the older heating
ovens. According to Koss (1989) the multiple oven gives the best energetic efficiency against the 
lowest investment casts (approximately $12 per kW effective energy for the Multiple oven against 
$125 for the traditional oven). For more information about this type of ovens, see Cleves (1998, p.82). 

Another system that is being used more and more in combination with mechanica! dryers is the 
"oreadora de cascada" which is being used in the first stage of the pre-drying. The oreadora refers to 
the elimination of superficial humidity of the grain right after the washing process, using an elevated 
air-flow with a temperature of about 50 degrees. 
Traditionally, the processof 'oreado' before the drying in mechanica! dryers is doneon concrete floors 
(patio). For huge amounts this results in high casts for terrain, civil works, maintenance, transportand 
Iabour. However, the mechanica! oreadora is only economically interesting in high-eapacity beneficios 
and is therefore not very relevant for this research. 
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Appendix 12: Opinions in the solar dryer world 

This smal! literature study was performed when the assignment was not yet worked out, and is 
therefore quite genera!, but still useful for the research. 

Introduetion 
The technique of drying foodstuffs is the oldest and the most widespread method of preserving fresh 
products Iike fruits, vegetables, meet, fish, grains, maize, coffee, etc. In industrialised countries, the 
difference in socio-economie context has led to the development of new preserving means, in particular 
the setting up of cold chains, relayed by the generalised distribution in consumers' homes of 
refrigerators and freezers. However, the smal! farmers in a developing country has to preserve his 
unsold or uneaten fresh production with a technique which is less expensive, but still manageable and 
performing wel!. There are wide spread possibilities from simple solar drying to fully mechanised 
drying techno logies. Despite the fact that traditional drying, commonly called sun drying, often remains 
an economically adequate solution (ROZIS, I 997), some of these well functioning new technologies 
have the potential to improve this economie benefit 

General remarks 
In Try drying it! (Axtell, 1991) Saleha Begum, formerly of the Institute of Development Studies at the 
University of Sussex, examines the economics of erop drying and concludes that opportunities, where 
they do exist, !ie largely in adding value. In this study she focuses on mechanised drying (with diesel 
for example), but her arguments might be useful for solar dryers, too. 

In Secadoras solares para frutas (ICAITI, 1989) is stated that the smal! mode Is for dornestic drying of 
fruits is technically feasible. The only technica! disadvantage is the short lifetime of the dryers. The 
materials should be more sustainable. 
However, for these smal! models the investments are quite large compared to the advantages. For non
commercial, smal! scale use, the impravement of traditional sun-drying methods might be better. There 
are no investments and the result might be comparable. 
Financially more feasible is the use in groups or commercial use of solar dryers. The higher capacity of 
these mid-range or industrial solar dryers causes this advantage. 
From this point of view it is interesting to concentrate the research on commercial use or use in groups. 

According to Van Egmond (1996, p.11,Ch3) there is a remarkable relationship between the success for 
countries in assimilating foreign technologies and the rather high ranking of the same countries in 
termsof educational attainment oftheir population. 
Furthermore, one key-element for the successful technology transfer is the readiness to accept changes 
in the composition of output with all of the structural adjustments and other painful reallocations which 
may be entailed in the changes in trading patterns. Van Egmond (1996, p.18,Ch3) 

Severallessons from past experience 

Define the main goals (Rozis, 1997) 
lt is important to know what goals, and therefore what practices, are aimed at, because it is these which 
wil! determine the design of the dryer, if necessary, and the various accompanying measures for 
improving the practices. 

Drying in order to sell or to eat the dried produce 
In order to dec i de the appropriateness of improving or introducing a dry er, a distinction should be made 
between the next two aims: 
• The aim to increase the safe of dried products, even maybe introducing a new commercial activity. 
The dryer must be designed to correspond to the needs of a producer-retailer aiming at satisfying his 

customers. 
• The aim to cut down Jasses after self-sustaining crops and secondarily selling off the excess dried 

products. 
The tooi must be adapted to the needs ofthe producer-consumer who tries to cut down his losses by 
drying his unsold or uneaten fresh produce. In this case one must think in terms of service and not 
in strict economie terms, the same as one does not expect one's refrigerator to produce an income. 
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A system for preserving or refining a product 
We will see further in that one does not necessarily design a dryer in the same way fora dornestic or a 
commercial use. The latter must lead to better quality, more refined, products than those dried 
traditionally: 
• A dornestic preservation system wiJl most certainly be more rustic, its goal wiJl be to bring the 

moisture down to a relatively low level in the product, the final aspect being secondary (brown, 
crusted, irregular) but the cost being decisive. 

• A refining system for a product to be put on the market wiJl entail a more precise control of the 
various drying parameters. lt wiJl entail defining the ideal drying pace to obtained a product which 
is not only stabilised, but which also presents all the characteristics (taste, aroma, colour, texture, 
shape) liable to satisfy the customers. The costof the dryer is Jess important (a better perforrning, 
more expensive dryer, wiJl give a better quality product, which wiJl sell fora better price ). 

A domestic, cottage-industry, or semi-industrial use 
An appropriate design depends on the end-user (culture, habits, sex, technica) know-how, type of 
organisation): 
• Fora dornestic use, the most important criteria are simplicity, maintenance, weight, aspect, the end

users being mainly women. 
• For a cottage-industry or semi-industrial use, the main criteria are quantity and quality of dried 

products. The end-users wiJl learn to use and manage the dryer as any tooi in any other commercial 
activity. 

A lso in Try drying it (Axtell, 1991) we find two types of dry ing. On the one hand product preservation, 
where drying is required to prevent deterioration and therefore loss of value, and product refinement 
on the other hand, where drying is a stage in processing a raw product into another form for final 
consumption. 
In the first metbod of drying, loss prevention is the only increase that can be achieved in the output 
over and above that gained by traditional methods . The losses in traditional drying therefore dictate the 
maximum costs that can be incurred in improved drying methods. 
The second type of drying, product refinement, wiJl not be considered in detail here. 

Dejine a dryer extension strategy 
Having a dryer which is adapted to Jocal needs and has proved its worth is not enough for it to multiply 
and spread rapidly. Any technological tooi, however simple, calls for accompanying measures to help 
in its extension and allow fora long-lasting change in local practices. This proves to be indispensable 
in order to go further than the prototype or the dozen-or-so stage. (Rozis, 1997) 

In the recent past several projects for improved drying technologies have failed. Rozis (1997) argues 
that these failures are often due to heavily technically-minded approach. Objects which were designed 
and built in laboratories soon proved to be incompatible with conditions in the field. 
Th ere are several reasons forthese repeated failures: (Rozis, 1997) 

• Improving tools does not solve all the problems, accompanying measures have to be provided. 
• The product/consumer/market approach has been greatly neglected. 
• lnformation networks, data bases open to a large public are non-existent. 
• The elements needed to define a dryer are notall taken into consideration. 

Social acceptability of the drying technology 
To asses the social acceptability, some kind of social research should be done. The social data available 
in developing countries is often unsatisfactory. There is a Jack of data and the data are of poor quality. 
A bout the topic of acceptability of solar dryers, there might not be any data available at all. Therefore it 
is necessary to prepare and conduct a social survey or census yourself. The different methods available 
are the population census, the social survey and the case-study method. As GaiHard (1994, 
dikt.l662)states, research conditions in developing countries are very different from western 
conditions. The different stages of the research should be considered with care and with particular 
emphasis upon sampling, data collecting and the organisation of fieldwork. 
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Gaillard gives some general issues concerning social research in developing countries which should be 
taken into account by the researcher. Politica! interference in field research can influence sponsorship, 
research topic, staffing, access to country, conceptualisation and research design, interpretation and 
dissemination. Concerning the question of ethica! standards attention should be paid to the relation 
between foreign scholars and local collaborators, relations between sponsors and researchers, 
obligations to the population studied, professional standards and to the interpretation of findings. 
Furthermore, the researcher should try to avoid a big gap between research and application. In this 
respect especially the limited absorption capacity of local population is important. A popular version 
and a summary with policy recommendations in the locallanguage is one ofthe solutions. 
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Appendix 13: Data ofthe (inter)national coffee sector 

Table 35: Prices ofCoffee Arabica (1990 $, cents per kg) 

Year 
Price 

1980 
481.4 

1985 
471 

1990 
197.2 

1991 
183.3 

1992 
132.4 

Source: World Development Indicators, 1999, p.334 (World Bank) 

1993 
146.8 

1994 
300.2 

1995 
279.6 

Figu_re 25: Honduran Chain ofCoffee production (Source:Pa!ma, 1995, p.l48) 

lliCAJ'E 

Consumo 
lnh:mu 

1 .. 

Figura 2. Cadena:s de \.:Omt:rcialä.ación del çafc; en Hont.luras 

C d N ua ro 0 .. c .. ' d la P blac' . C fe I - d fi .Olt\(lOSICI!Ul e. 0 mn .a ta era ~un .tamano . e nca 
-

numero numero lproducton:s 1 Manzanas en Manzanas en Produccióo -
Estratos de de Acumulados producción plantia 1992/1993 

fiocas productom QQoro 

<12 30,521.00 28,537.00 28,537.00 28,199.93 3,046.22 298,739.34 

>= 2y< 5 34,572.00 32,887.00 61,424.00 84,680.40 12,942.21 811,742.% 

>=5y<IO 13,270.00 12,696.00 74,120.00 71,016.17 13,044.41 692,303.60 

>=l0y<15 3,671 00 3,486.00 77,606.00 35,803.15 5,941.36 385,766.86' 

>= 15v. <JU) 2,305.00 2,153.00 79,759.00 37,931.27 6,420.91 448,440.87 

>=30y<50 609.00 556.00 80,315.00 18,749.95 3,158.80 223,969.75 

>=50 366.00 334.00 80,649.00 26,537.98 5,779.65 286,834.67 

Total Nacional 85,314.00 80,649.00 302,918.85 50,333.56 3,147,798.05 

Table 36 (Source:Pa!ma, 1995, p.147) 

Costos y Beneficio Estado de venta 
en !i aftos 

desde el establecimiento Pergamino Seco · Pergamioo Humedo Uva 

Lps. % Lps. % Lps. •/o 

Costos 

PorManzana 22,562.83 100.00 21,467.83 95.00 21,227.64 94.00 

Por quintal oro (46kg) 225.62 100.00 214.67 95.00 212.27 94.00 

Precios recibidos/qq Oro 384.00 100.00 336.00 87.50 329.00 85.00 

Bcneficios 

Por manzana 15,837.17 100.00 12,132.17 76.60 11,672.36 73.00 

Por quintal Oro 158.37 100.00 121.32 76.60 116.72 73.00 

BIC 0.70 100.00 0.56 80.00 0.54 77.00 

Table37 (Source:Pa!ma, 1995, p.l52) 
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Appendix 14: Moisture meter "Dole" 

Model 400-B Dole® Grain Moisture Tester 

Accuracy: I% 

Optional Access.arfes 

I A.C. Power Supptv 

• 120VAC to 9VDC 

' 

PGiypropylene Carrying 
c~se 

• Rtrgged 
• lmr),KI Resi5tam 
• Mooisture Resista:nt 
• 13 1/4" H X ll"Wx ·; 1/2''!) 

Features: 

o Portable 
o Temperature correction thermometer 
o Large - easy to read dial 
o Accurate beam balance sample scale 
o Repeatable and accurate 
o Easy to operate 

Specifications: Model400-B Dornestic 
Voltage: 9VDC Transistor Battery, NEDA Type 1604 (not included) 
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Appendix 15: Structure and composition of coffee bean 

Source: Tecnologia en Beneficia de Café (2a edicion) (Cleves, 1998, Anexo I and 2) 

ANEXO 1 
ESTRUCTURA DEL FRUTO DEL CAFE 

ENDOSPERMO 
0 GRANO 

~--- EXOCARPIO 
0 PULPA 

MESOCARPIO 0 
MUCILAGO 

ENDOCARPIO 0 
PERGAMINO 

TAXONOMIA DEL CAFE 

ORDEN: Rubiales 

FAMILIA: 

GENERO: 

ESPECIE: 

Rubiáceas 

Coffea (L) 

más de 100 especies conoei das, solamente 3 se culti-
van comercialmente: 

Arabica 
Canephora (Robusta) 
Liberica 

V AR I EDADES: las de mayor importancia de la especie Arábica son: 
Typica, HfLrido, Maragogype, Mundo Novo, Caturra, 
Catuaf, Catimor, Geisha, San Ramón, etc. 
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ANEXO 2 

COMPOSICION QUIMICA DE LA PULPA DEL CAFE 
Y DEOTRAS MATERlAS PRIMAS 

NUTAlMlENTO PULPA DE 
CAFE SECA 

Humedad 12.6 

Materia seca 87.4 

Extracto etéreo 2.5 

Fibra cruda 21.0 

Nitrógeno (N) 1.8 

Proterna 11.2 

Ceniza 8.3 

Extracto libre N2 44.4 

Fuente: Turrialba Vol. 22 N2 3, Julio-Set. 1972. 

COMPOSICION DEL GRANO DE CAFE 

COMPONENTE 

Ag u a 

Cenizas 

Nitrógeno 

Celulosa 

Aztkar 

Dextrinas 

Gras as 

Acido cafetánico 

Caterna 

Extracto sin Nitrógeno 

Aceite esencial 

Materias solubles en agua 

Fuente: Technica! Resources International lnc. 
Combined Technologies lnc. International. 
Texas. U.S.A. 
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MAIZ AFRECHO 
DETRIGO 

10.6 13.6 

89.4 86.4 

4.3 5.0 

1.8 10.9 

1.5 2.7 

9.4 15.5 

1.3 5.3 

74.4 49.7 

% PROMEDIO 

9-12 

4 

12 

24 

9 

1-15 

12 

8-9 

0.7-1.3 

18 

0.7 

25.3 
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Appendix 16: Where and how to measure temperature 

Source: Drying F oodstuffs (Rozis, 1997, p.257) 

It is always quite easy to measure a temperature. But it is not always easy to meas

ure the right one, for several reasons: 

- the thermometer must be kept out of the way of solar radiation. by being 
wrapped in a reflecting substance (aluminium foil), leaving a space between the 
instrument and the wrapping to let the air circulate. If this is not done, the ther
mometer will indicate a higher temperature than the one to be measured (direct 
heating by the sun or indirect hearing by the wrapping); 

- one must wait for the thermometer reading to be stabilised if the response is 

not immediate; 
- the thermometer must always be dry when measuring air temperature, or else 

the moisture on the surface of the thermometer evaporates when in contact with 
the air. The thermometer will no longer measure the air temperature, but will give 
a lower reading, si nee the moisture evaporating has a cooling effect: the tempera
ture read will be closer to the wet bulb temperature; 

- finally. because both the air movements and the produ~:ts are not regular, the 
temperature can vary quite a lot from one place toanother (for instance. between 
the edge and the middle of an air duet, or between the centre and the edge of a 

drying tray). 
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Appendix 17: Primary data costs drying technologies 

Initia! investment costs per m2 in Lempiras 
Patio Zaranda Carpa IHCAFE 

Stones 6 0 0 0 
Concrete 82 0 0 0 
Sand 22 0 0 0 
Wood 0 40 150 95 
Plastic 0 0 40 30 
Metal wire netting 0 35 35 35 
Labour 40 5 35 35 
Total 150 80 260 195 
Includmg zaranda, floor of plastic. 

Maintenance costs per m2 per year in Lempiras 
Patio Zaranda Carpa IHCAFE 

Stones 
Concrete 1 
Sand 
Wood 1 
Plastic 20 15 
Metal wire netting 
Labour 1 1 5 5 
Total 2 2 25 20 
Notes: solar dryers change plastic every three years 

Production of 32 Quintal dry parchment per year. The average surface of the patios are 59m2 on which 
can be put about 5 Quintal dry parchment. This means there are 3215=6.4 drying series. For the patio, 
one series will take 6.4 days of8 hours ofsun. So, there areabout 6.4*6.4=41.0 days ofsun per year. 
Based on these data and the drying velocity we calculated the area needed to dry 32 Quintal dry 
parchment per year for each technology. 

Patio: 
41 days I 6.4 days per series = 6.4 series 
32 Q I 6.4 series= 5.0 Quintal per series 
5 Quintal I 0.1 Qlm2 = 50 m2 

Zaranda: 
41 days I 6.8 days per series= 6.0 series 
32 Q I 6.0 series= 5.3 Quintal per series 
5.3 Quintal I 0.1 Qlm2 = 53 m2 

Carpa: 
41 days I 4.3 days per series = 9.5 series 
32 Q I 9.5 series= 3.4 Quintal per series 
3.4 Quintal I 0.1 Qlm2 = 34 m2 

IHCAFE: 
41 days I 4.3 days per series= 9.5 series 
32 Q I 9.5 series= 3.4 Quintal per series 
3.4 Quintal I 0.1 Qlm2 =34m2 

Labour costs: 
41 days of drying, one Iabour day costs 35L 
Patio: (50m2 I 100 (m2/day)) * 41 days * 35 L = 718 L I year 

? 2 Zaranda: 
Carpa: 
IHCAFE: 

(53 m-I 300 (m lday)) * 41 days * 35 L = 254 L I year 
(34m2 I 400 (m21day)) * 41 days * 35 L = 122 L I year 
(34m2 I 400 (m21day)) * 41 days * 35 L = 122 L I year 
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Patio 
Production (qq) 32 
Price dry parch 850 
Costs wet pare 739.5 (zie tabel 3, p.152 IHCAFE) 

Discount rate 15.0% Avoided losses 0.0% 

Year 0 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

··~t-~!:i,~rk9w:\ti: · •i:: 
1. Sales revenue 27,200 27,200 27,200 27,200 27,200 27,200 27,200 27,200 27,200 27,200 27,200 27,200 27,200 27,200 27,200 27,200 27,200 27,200 27,200 27,200 
2. Avoided losses 

TOTIIL\CASH rNêEöWI'll· 27,2QP'2(;2óo; 2'7{206 21,200. 21.200 2/r,2èlOI27;'2oo ':21.2oo 27,2oo~27,:ioó 27 ,2oo 27 ,2óo~27:26o :2z1·2óó 2t.2oo 27;260: 2:1;2® 27i2oo'' 2!1,20027,260'< 

c.6§!1 Q!JifbQ'&.,;:i,:: 
1. Fixed investment 7,500 7,500 

2. Operating costs 
Input (wet parchment), 23,664 23,664 23,664 23,664 23,664 23,664 23,664 23,664 23,664 23,664 23,664 23,664 23,664 23,664 23,664 23,664 23,664 23,664 23,664 23,664 
Labour 718 718 718 718 718 718 718 718 718 718 718 718 718 718 718 718 718 718 718 718 
Maintenance 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 

tdtAL CASH. óUii=EóW ''l,'~ûr:tj1: if,' § '§. i7:soo 24,4áii :ii(4áû24~482 24.482 :·24,482 .24!482 24:4à2~ 24:482 24,4á2 31,982 24,482 24,482•24:482 24:482 24,482 24,482-·24:4a2>241482. 24,4132 '24:482 

NET CASHFLOW 
CUMULATIVE NET CASHFLOW 

Net present value 
cumulativo:t iîät Pt-és!tr\t:Valuè ;,"·' ~~ ;, " 

:illè. 
'1tî 

ESENTVAlUE'F. 
. ~-~I§'§i~§l\JB~J 

-7,500 2,718 2,718 2,718 2,718 2,718 2,718 2,718 2,718 2,718 -4,782 2,718 2,718 2,718 2,718 2,718 2,718 2,718 2,718 2,718 2,718 
-7,500 -4,782 -2,064 654 3,372 6,090 8,808 11,526 14,244 16,962 12,180 14,898 17,616 20,334 23,052 25,770 28,488 31,206 33,924 36,642 39,360 

-7,500 2,363 2,055 1,787 
4.5oo· ~s.137.>Î::.a.oa:~ -1.294 

7,659 
34.3% 

1,554 1,351 1,175 1,022 889 773 -1,182 584 508 442 384 334 290 253 
26o" 1'ia11t: 2f:7$s :;ss;soá ,..4:s9i: ts:469 4,267 · 4,871 s,379 s;821'iiic.&;205 :·s,5a9 •s.saoffiY,'7,ó82 

220 191 166 
7,302 .. 7,493. 7,6:;9 
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Zaranda 
Production (qq) 32 
Price dry parch 850 
Casts wet pare 739.5 (zie tabel 3, p.152 IHCAFE) 

Discount rate 15.0% Avoided Jasses 2.0% 

Year 0 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

c~~J:!i!l~~ •• ,,&ll33 
1. Sales revenue I 27,200 27,200 27,200 27,200 27,200 27,200 27,200 27,200 27,200 27,200 27,200 27,200 27,200 27,200 27,200 27,200 27,200 27,200 27,200 27,200 
2. Avoided Jasses 544 544 544 544 544 544 544 544 544 544 544 544 544 544 544 544 544 544 544 544 

TQT~tb.AslJ:.!NFt()WJ;., . 3!'~7)744 •2'7i'744· 27,744' 27;'t.44t 27.744.\ .27,74412"1, 744 :rz7; 7441 27,744 '27;·744 27 ,7441' 27,744~71744 ·; 27:7î141; 27;744 27 .• 7441 '2'7§744 ·'l27,744<t'27J7:44:;~~7~ 

ç;.6jj!"Ç)J!IJ:~j 
1. Fixed investment 

2. Operating casts 
Input (wet parchment) 
Labour 
Maintenance 

TOTAti.\PÄSHtOt!.TFlêW:~:·. 

NET CASHFLOW 
CUMULATIVE NET CASHFLOW 

4,240 4,240 4,240 4,240 4,240 

23,664 23,664 23,664 23,664 23,664 23,664 23,664 23,664 23,664 23,664 23,664 23,664 23,664 23,664 23,664 23,664 23,664 23,664 23,664 23,664 
254 254 254 254 254 254 254 254 254 254 254 254 254 254 254 254 254 254 254 254 
100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 

. '4.24o 24.'024 :24,'ö24'• 24,024. 2(26:4 .• 24;624 24~ó24'24;Ö24'' 28.264h24,o24 ,24.o24~ 24.o24' 2B,2§;f;i24,oiif'~~.o24~ 24;42iF2á;264'"24;'o24J24~ó24"24ll\iäJ:24ló24. 

-4,240 3,720 3,720 3,720 -520 3,720 3,720 3,720 -520 3,720 3,720 3,720 -520 3,720 3,720 3,720 -520 3,720 3,720 3,720 3,720 
-4,240 -520 3,200 6,920 6,400 10,120 13,840 17,560 17,040 20,760 24,480 28,200 27,680 31,400 35,120 38,840 38,320 42,040 45,760 49,480 53,200 

-4,240 3,235 2,813 2,446 -297 1,849 1,608 1,398 -170 1,057 920 800 -97 605 526 457 -56 346 301 261 227 
·•·:R"4t24:P ·:a1.Qosi :t;àöa "'"4;254:!}:f.s:SS'f' ·s.aoe,r ;[71"414i:"'$~1 a. : &:'64a .• '9!7oö :1o,62ó 11';41.9 · ·1'1t322 11:927' 12:4521i f2.aà!!&iil2,a54%·~a:2otL 13,500. :1af7s2' 'fi'3;ss~l 

13,989 
79.2% 

~ 
('I 
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Carpa 

Discount rate 15.0% 

cf,~EfJ!:ifb9~ .. il. i i 
1. Sales revenue 
2. Avoided losses 

TOTAi. CASH !N~l..(:~\IY if c 

ÇA$lt0l.iTF'bQif.Î 
1. Fixed investment 

2. Operating casts 
Input (wet parchment) 
Labour 
Maintenance 

Year 

Production (qq) 32 

Price dry parch 850 
Casts wet pare 739.5 (zie tabel 3, p.152 IHCAFE) 
Avoided losses 4.0% 

0 

8,840 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

27,200 27,200 27,200 27,200 27,200 27,200 27,200 27,200 27,200 27,200 27,200 27,200 27,200 27,200 27,200 27,200 27,200 27,200 27,200 27,200 
1,088 1,088 1,088 1,088 1,088 1,088 1,088 1,088 1,088 1,088 1,088 1,088 1,088 1,088 1,088 1,088 1,088 1,088 1,088 1,088 

2s:2a8 28.288 28,28s ~8:2aa' 2a:28s'!2sl2aäi.iiî:2aa f28)2aa ·t.2a;28àk:28;28ài~.:i8:28'&?2ä:z8à 28,288 12s;'iä8 28,288 .28,286 28;288' ·.28\.2~8 ;;28;288? iill':iäa'! 

8,840 8,840 8,840 

23,664 23,664 23,664 23,664 23,664 23,664 23,664 23,664 23,664 23,664 23,664 23,664 23,664 23,664 23,664 23,664 23,664 23,664 23,664 23,664 
1n 1n 1n 1n 1n 1n 1n 1n 1n 1n 1n 1n 1n 1n 1n 1n 1n 1n 1n 1n 
850 850 850 850 850 850 850 850 850 850 850 850 850 850 850 850 850 850 850 850 

TÓTAL CASH OUTFLÓVV ;·· m ~v jlt' d'il::',j:'i6;!)'40' 24[636 .24.636 24;636 24:63Ek33,476.~24;636}24,636z24;63il 24,636 ,33.476 !24.S.36T 24;636 24,636 24.6;ï6'·33:476'c24~636'24;63s 24,636i :24;63~\24>~.36 

NET CASHFLOW 
CUMULATIVE NET CASHFLOW 

Net present value 
C\lm~latlve nèt present value 

-8,840 3,652 3,652 3,652 3,652 -5,188 3,652 3,652 3,652 3,652 -5,188 3,652 3,652 3,652 3,652 -5,188 3,652 3,652 3,652 3,652 3,652 
-8,840 -5,188 -1,536 2,116 5,768 580 4,232 7,884 11,536 15,188 10,000 13,652 17,304 20,956 24,608 19,420 23,072 26,724 30,376 34,028 37,680 

-8,840 3,176 2,761 2,401 2,088 -2,579 1,579 1,373 1,194 1,038 -1,282 785 683 594 516 -638 390 
•78,840· :s,6s4· !'!:2;963' ::' :5o2· J:sas'' 0]~9s3: .::•.,586:: •t~;és9;'; <3. -{53";: 4,19! 2,9o8· 3:693• ·4,376:;>4;9691' .5,486. 4,848. 5,238 

6,353 
30.3% 

339 295 257 223 
5,578 5,a73· <a.~1z9:J :S:ls:s 

V) 

N 



-~ .... 
..!::! 

;:::: 

~ 

00 ...., 
-~ 
~ 

s::: 
<).) 

~ 

IHCAFE-Dryer 

Discount rate 15.0% 

Year 
ç_~l{î~b~'k~l 
1. Sales revenue 
2. Avoided losses 

Production ( qq) 32 
Price dry parch 850 
Casts wet pare 739.5 (zie tabel 3. p.152 IHCAFE) 
Avoided losses 4.0% 
Cast reduction Fixed inv and Operating costs 0% 

0 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

27,200 27,200 27,200 27,200 27,200 27,200 27,200 27,200 27,200 27,200 27,200 27,200 27,200 27,200 27,200 27,200 27,200 27,200 27,200 27,200 
1,088 1,088 1,088 1,088 1,088 1,088 1,088 1,088 1,088 1,088 1,088 1,088 1,088 1,088 1,088 1,088 1,088 1,088 1,088 1,088 

tf!>rA'f! CA51i'ifN't:!oW' ·:s; "1 ·1 ': ·:. ;;; ;;f :s;:~2sl2aa:• 28,2a8' 2s,28a · 28,28s 28,288} 2s.2ïi'B'ftsf2sa ·· it(iaa zs.2s8 28.2as!t2s12as: 2B';.288:;:;:ii8I'288 !2~:2ss:.2s,2slftt2s;~i.ïal2à~as:,:~!\;2áïis~:aamaraM1 

Çjit~Lq;mt.o~±e~ 
1. Fixed investment 

2. Operating costs 
Input (wet parchment) 
Labour 
Maintenance 

6,630 6,630 6,630 6,630 

23,664 23,664 23,664 23,664 23,664 23,664 23,664 23,664 23,664 23,664 23,664 23,664 23,664 23,664 23,664 23,664 23,664 23,664 23,664 23,664 
1n 1n 1n 1n 1n 1n 1n 1n 1n 1n 1n 1n 1n 1n 1n 1n 1n 1n 1n 1n 
850 850 850 850 850 850 850 850 850 850 850 850 850 850 850 850 850 850 850 850 

tOTAL:,cASHöûTF'toW11•''l; T:l 'ti);:;~;··:1'6.6~ó1:i24(a36!':24';as6"?241636W 24:636;31,266 i4.63if24;636'r24:iS36 2·(636 31.266''24;636".:·24;6$:t24itw6.i.24i636 •31;2é6124~63'§û24t6~6 :.24.s.a61.2;Jt636-::~'24~~ 

NET CASHFLOW 
CUMULATIVE NET CASHFLOW 

-6,630 3,652 3,652 3,652 3,652 -2,978 3,652 3,652 3,652 3,652 -2,978 3,652 3,652 3,652 3,652 -2,978 3,652 3,652 3,652 3,652 3,652 
-6,630 -2,978 674 4,326 7,978 5,000 8,652 12,304 15,956 19,608 16,630 20,282 23,934 27,586 31,238 28,260 31,912 35,564 39,216 42,868 46,520 

-6,630 3,176 2,761 2,401 2,088 -1,481 1,579 1,373 1,194 1,038 -736 785 683 594 516 -366 390 339 295 257 223 
~ó1lFJ:ê;Gäó>i~3tl454%' rá~S'm: 1;1oä<;; s.:'r~ ._2,316 · M9!1. :s:2sai:~aA6f i?,soo •ss,7ss:• 7.54&·• .8,231 :,a:825' s:34Wf,; 's:iî?'s ~9.ass·:.: 9,7á4 9,999:·1ó.~ss .1o'\~7~1 

10,479 
47.1% 

-o 
N 



Appendix 18 Calculations ûnancial analysis 

Sensitivity Analysis Avoided Losses 

Discount rate 0.15 

11 NPV IRR 

Patio 7,500 7,659 34.3% 

Zaranda 4,240 13,989 79.2% 

Carpa 8,840 6,353 30.3% 

IHCAFE 6,630 10,479 47.1% 

Avoided loss Zaranda Carpa IHCAFE 140% 

0% 64.7% 13.8% 26.9% 

1% 72.0% 18.1% 32.2% 

2% 79.2% 22.3% 37.3% 

3% 86.3% 26.4% 42.2% 80% 
-+-Zaranda 

a: 
4% 93.4% 30.3% 47.1% !!:; -a-Carpa 

5% 100.3% 34.2% 51.9% ~IHCAFE 
6% 107.2% 38.0% 56.6% 40% 

7% 114.1% 41.7% 61.2% 20% 
8% 120.9% 45.4% 65.8% 

9% 127.7% 49.0% 70.3% 0% 

10% 134.5% 52.5% 74.8% 0% 2% 4% 6% 8% 10% 

Assumed avoided losses 
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Appendix 19 List o(materials (or Zaranda and IHCAFE-drver 

Appendix 19: List of matenals for Zaranda and IHCAFE-dryer 

Materials needed for 2 m2 of zaranda 

') 

2m-zaranda 
reglillas 
Nails 

4de2m 
0.2 lbs 

Materials neerled for 2 m2 of IHCAFE dry er 

Madera 
2 de 2x2x3.70 
4 de 2x2x1.80 
1 de 2x2x1.35 
5 de 2x2x1.25 
2 de 2x2x0. 98 
2 de 2x2x0. 60 
4 de 2x2x0.30 

Reglas 
5 de 2x0.5xl.25 
2 de 2x0.5x2.70 
8 de 2x0.5x 1.80 

Materiales 

9 Piesl = 6 Pies 
6 PL = 8 Pies 
4.5 PL = 1.5 Pies 
4.2 PL = 7 Pies 
3.3 PL = 2.2 Pies 
2 PL = 1.4 Pies 
1 PL = 1.3 Pies 

27.4 Pies 

4.2 Pies = 1. 75 Pies 
9 Pies = 1.50 Pies 
6 Pies = 4 Pies 

7.25 Pies 
34.65 Pies 

6 Y ar das de plástico transparente 
3 Yardas de plástico transparente 
3 Libras de alambre liso # 12 

L 54.00 
27.00 
18.00 
3.00 
3.00 
3.00 
3.00 

Y2 Lbs de ciavos de 2 'l1 " 
'l1 Lbs de ciavos de 3 " 
'l1 Lbs de ciavos de 4 " 
'l1 Lbs de grapa para alambre 
4 Pies de almabre zaranda de 1/8 40.00 
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