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1. INTRODUCTION
 

The coffee agroindustry, the most importa't in the Central
 
American region, confronts a severe energy crisis. Diesel burners
 
were adopted by many "beneficios" as a source of energy for drying
 
their product when oil prices were low and 
now are no longer econo
mic. Firewood universally used earlier, is increasingly scarce in
 
many regions specially those where a d2nse rural population lives.
 

This is the case in the small coffee farmers areas.
 

On the other hand, the building of new coffee "beneficios"
 
for the organized cooperatives in Central America has Oeveloped con
tamination problems mainly due to 
the pulp or skin of the fruit, a
 
voluminous byproduct. The large waste piles of wet pulp (see Figure
 
1) serve as breeding sites for flies, mosquitos and other pests; li
quid drainage from the decaying pulp carries organic compounds into
 
nearby water streams with disastrous effects on humans, aquatic plants
 

and animals.
 

there are then very important economic and environmental 
reasons why coffee pulp should be treated in a new and more economical
 
way. Within this perspective, this project is aimed to:
 

a) 	 Design and test a mechanical press specifically adapted to
 
coffee pulp, capable of yielding a residual bagasse of
 
lowest practical moisture content, while handling an 
 ade

ouate amount of material per hour;
 

b) 
 Design and test a burning system capable of handling the
 
dry solid pulp, for further use in coffee drying;
 

c) Continue studies leading to the obtention of design para

meters for an anaerobic digestor producing practical amounts
 
of'biogas from the juice obtained during the pressing opera

tion.
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The Guatemalan Federation of Coffee Cooperatives (FEDE-

COCAGUA) has a collaborative agreement with ICAITI and some areas
 
of their "central beneficio" in Palin, Escuintla, were given for
 
the project for the drying yards (patios) and to install the screw
 
presses, the digestors 'or the juice and the burner for the dried
 
bagasse.
 

The traditional &y to process the coffee fruit is shown
 
in Figure 2 and the possible new way incorporating the technology
 
to be developed in Figure 1. Note that in the new technology the
 
dried pulp will be burned in the coffee dryer. The biogas produced
 
by the anaerobic digestion of the pulp will also be burned in this
 
dryer. 
 Drying of the pressed pulp can be accomplished either in
 
drying patios (ifavailable) or in a silo-dryer combination. In the
 
latter the fuel gases from the coffee dryer, which usually are at
 
around 250*C will be employed as energy source to dry the pulp.
 
Fresh pulp isobtained in the traditional way and pressed continous
ly to generate the two main streams: The pressed pulp and the coffee
 
pulp juice. The sludge and effluent from the anaerobic digestor
 
would be used as a carrier for fertilizers (P-N). Potassium will be
 
recycled as the ashes from the coffee dryer (rich 
in potassium) will
 
be employed to neutralize the acid stage effluent in the anaerobic
 
digestion. The biogas effluent could also be treated in a high rate
 

algae pond followed by fish pcnds.
 

The activities in this project have been complemented with
 
two concurrent research projects carried out by the Applied Research
 
Division at ICAITI. 
 One is sponsored by IDRC (Canada), in this a
 
heat exchanger unit tc heat air for drying has been developed. The
 
other sponsored by OAS is intended to develop high rate digestors
 
for biogas production. Very promisory res~ilts were obtained through
 
this short time (one year) project. A low r.ost, locally constructed,
 
screw press was developed, this is a key piece equipment in the future
 
integrated utilization of the coffee fruit. 
Assays of bioyas produc
tion, utilizing both low rate and high rate digestors were compared.
 
The substrate (coffee pulp juice) seems adequate for both. Additionally
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a high energy efficiency combustion chamber vlas designed capable of
 
burning dry pulp to generate heat for coffee drying.
 

We strongly recommiended the continuation of the research
 
and development efforts in this area, to take advan'.age of the re
sults obtained.
 

Some of the new concepts that have evolved from this work
 
may, in time, generate dramatic changes in the wet processing of
 
coffee.
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2. CONCLUSIONS
 

1. 	 The results of this work show an example of the need for
 
a systems approach in trying to solve the energy problem
 
inan agro-industrial rural operation carried out ina
 
tropical region.
 

2. With this methodology the adaptation and development of
 
specific technologies (like tle direct combustion of moist
 
solids 	or the anaerobic biogass operation of effluents) is
 
dictated by the requirements of the analysis, which fre
quently nigh lights the necessity of conditioning and pre
treatments of wastes. This implies the development, design
 
and testing of prototypes which are simple enough to ope
rate within the cost restrictions of these rural industries.
 

3. 	 A low cost mechanical press prototype capable of dewatering
 
coffee 	pulp has been developed. Itcan be built locally
 
and itissimple to operate.
 

4. 	 Coffee pulp juice has shown to be a 
good substrate for bio
gasification. Traditional rEactor geometries gave low pro
ductivies. Two hich rate reactors have been tested at va
rious capacities; within and complemented by other projects
 
one of them was developed by ICAITI (the sponge packed bed)
 
Both yielded high volumetric methane rates.
 

5. 	 Itwas shown that there isa 22% increase in sun drying ca
pacity of patios when processing previously pressed coffee
 
pulp as compared to non-pressed pulp.
 

6. 	 The pulp drying ina static bed with direct combustion gases
 
had a low thermal efficiency. Due to this lack of solids
 
movement on the bed the buttom layer overheated and charred
 
itself.
 



7. The combustion chamber,design for pressed-dried-coffee
 

pulp showed a high thermal efficiency.
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3. MECHANICAL PRESSING OF COFFEE PULP
 

Pressing is a standard unit operation used in the fruit
 
processing industry for the extraction of the juice from the fruit
 
tissue (Coffelt & Giannini, 1973; Duckworth, 1966; Schwartzberg et
 
al, 1977). It has been often used directly or indirectly to reduce
 
the amount of heat requiered in a final drying operation.
 

Fresh coffee pulp has a moisture that ranges from 85 to
 
88% so part of it can be removed by expression before further uti
lization. Preliminary experiments (Rolz et al, 
 1980) have shown
 
that juice yields close to 60' of the initial fresh weight of pulp
 
can be obtained when a combination of enzymes and temperature are
 
used as a pretreatment in experiments carried out with a batch hy
draulic press. When the fresh pulp was 
pressed without pretrratment
 
the juice was about 35' of the initial weight of pulp.
 

Costs of pressing equipment may prove to be one of the
 
greatest obstacles to the widespread use of presses in coffee by
products processing. However, some recent works (Bagnall, 1980)
 
have shown promissory results in developing intermediate technology
 
screw presses for dewatering aquatic plants. Materials tested in
cluded water hyacinth and hidrilla both pest aquatic plants in
 

Florida.
 

The objective of the subproject was to design and test a
 
low-cost mechanical press capable of producing a bagasse-like mate
rial from wet coffee pulp, for further use as fuel.
 

3.1 Experimental Work:
 

Three different continous screw presses were evaluated for
 
their capacity in handling fresh coffee pulp and the amounts of ba
gasse and juice obtained for a given power input into the system.
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The first unit was a six inch diameter, one-cylinder screw
 
press manufactured by the industrial firm Vincent Processes Inc.
 
(Tampa, Florida). See Figure 4. Its estimated cost in 1983 would
 
be in the order of US$17,000.00
 

The second press used in these studies was a unit formed
 
by a two-cylinder conveyer that squeezed the pulp against a dead
 
weight. See Figure 5. It was manufactured under the name FASO in
 
Italy. Since this was an old unit, obtained as a loan from a local
 
coffee grower (Mr. Norman Lind) the price was not available but it
 
was estimated that for equivalent capacities, it would be similar to
 

the previous case.
 

The third unit used as reference was a nine-inch diameter,
 
one cylinder screw press, handmade by Prof. Larry 0. Bagnall and his
 
students at the University of Florida (Gainsville, Florida) (see Fi
gure 6). A series of preliminary assays were made during a visit to
 
the University of Florida by Jos6 Francisco Calzada and this press
 
was obtined as a loan for one crop season, in order to be evaluated
 
in Guatemala. This design, more economical, was used as basis for
 
the unit that was built locally.
 

Following evaluations of the above mentioned units, two lo
cal mechanical shops were contracted to build and modify (ifneces
sary) a screw press similar to the Bagnall model. A first prototype
 
was prepared by TALLERES MEZA (see Figure 7 and 8). Total cost was
 
US$4,350.00. Further modifications were requiered and these were
 
contracted with TALLERES REA. 
This final version (see Figures 9 to
 
12) was evdluated at the beginning of the 1983-1984 crop season.
 
Fresh coffee pulp obtained from a beneficio of the Guatemalan Fede
ration of Coffee Cooperatives (FEDECOCAGUA - Palin) was used as nia
terial for the tests. Pre-deternined amounts of pulp viere passed 
through the press. Rsults obtained included: Handling capacity
 
(kg of fresh pulp per hour), yields of pressed bagasse and juice (de
termined in weight basis). Initial and final moisture of the pulp
 
were also determined (Anon, 1975). The proposed prototype is presented
 

in the Fiqure 13.
 

http:US$4,350.00
http:US$17,000.00
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3.2 Results and Discussion:
 

Pressing tests using the first three units (Vincent, FASO
 
and Bagnall models) were carried out during the 1982-1983 crop season
 
(early January to mid-March, 1983). The results are presented in
 

Table 1, along with those of the proposed prototype. This last one
 
was evaluated in the first days of the 1983-1984 crop season.
 

It can be observed that the proposed unit is adequate for
 
the dewatering task. The reduction in water content is in the same
 
range as the one obtained with the Vincent press, which also has si
milar capacity.
 

The efficiency of energy utilization is closer to the Vin
cent unit and higher than the FASO and Bagnall prototypes.
 

Due to the above considerations, the prototype proposed by
 
ICAITI is considered technically arid economical adequate for the
 
pressing of fresh coffee pulp previous tu its utilization as fuel
 
feed or fertilizer. 
It must be stressed that two local mechanical
 
shops have now the know-how to build other similar units. 
 The press
 
presenting is working for demonstration purposes at the FEDECOCAGUA-

Palin beneficio, during the present crop (1983-1984) and, of course
 
it can be copied by other local manufacturers. This will insure the
 
dissemination of the technology.
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4. BIOGAS PRODUCTION FRONCOFFEE PULP
 

As described earlier in this report, coffee pulp juice is
 
a byproduct resulting from the partial dewatering of the fresh coffee
 
pulp. It represents approximately 40-45% of the initial weight of
 
pulp. This is 
a sugar rich substrate (2.8-4.9% total sugars) that
 
has been used for the production of biogas (gaseous mixture of
 
methane and carbon dioxide). These experiments have been done in two
phase laboratory unit, (Calzada, 1982; Calzada et al, 
 1983).
 

The main objective of this subproject was to extend studies
 
on the production of biogas from the coffee pulp juice, specially
 
aiming to scale up the operations and to improve the productivity of
 

the system.
 

4.1 Experimental Work:
 

Two-phase anaerobic systems were assayed, where the first
 
stage was an 
acidogenic tank and the second one, the methanogenic
 
digestor. The basic unit was similar in all cases and it has been
 
described in detail elsewhere (de Le6n, 1980). Figures 14 and 15
 
show the tank. The acidogenic reaction was performed in tanks filled
 
with five-centimeter diameter PVC vertical tubes, in order to promote
 
the retention of biomass with in the reactor. 
The effluent was used
 
as feed for the methanogenic units, following pH correction (to pH 7
 
approximately), with sodium, calcium and magnesium carbonates.
 

For the methanogenic phase, two configurations were tested:
 
The basic tank and the tank with vertical tubes similar to that des
cribed for the azidogenic phase.
 

Experiments ran from February to April 1983, when the crop
 

finished. Ambient temperature (20-25°C) was used in all 
cases.
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4.2 Results and Discussion:
 

From Table 2 can be observed that the packed configuration
 
did not represents an improvement in terms of conversion of volatile
 

fatty acids and reduction of chemical oxygen demand. Some sedimen
tation effects were present. This conclusion was reinforce by the
 

values of gas production in the methanogenic stage. For the empty
 
chamber digestor, the average value was 0.317 volumes of biogas per
 
volume of digestor per day, while for the packed digestor, the corres
ponding value was 0.250 v/v day, with 10 days hydraulic retention
 

time.
 

These results led to the conclusion that improved digestors
 
should be used to increase the gas production rates. Some laboratory
 
experiences with a two-phase conventional column digestor were carried
 
out at ICAITI with the support of the International Foundation for
 
Science (IFS-Sweden). High rate digestors were later applied to (Cal
zada et al, 1983) this same coffee substrate, with support of the
 
Scientific Department of the Organization of American States. Two
 
specific models were evaluated: The up-flow anaerobic sludge blanket
 

(UASB) developed by Lettinga and co-workers (1980) and i 'esponge 
reactor, developed at ICAITI. This last one features the use of
 
polyurethane sponges as packing materials, serving 
as support materials
 
for the microbial growth (ICAITI, 1983). See Figures 16 to 18.
 

Results from the different systems are presented in Table 3.
 
The improvement in gas productivity along with the reduced hydraulic
 
retenton times, made the high rate reactors very attractive for further
 

development.
 

For this reason, c'laboration with the OAS work was esta
blished within the last mont ,sof the project, in order to build a
 

mobile pilot unit (1 m3) featuring the two-phase anaerobic digestion
 
of coffee pulp juice with the proposed methanogenic reactor: The
 
sponge model, working under controlled temperature (35°C), (see Figure
 

19).
 



This unit will be tested in a lo:al beneficio, during the
 
1983-1984 crop season, unfortunately outside of the time span of
 
this project. Although this step was not included in the original
 
scope of work, it was considered that the technology should be de
veloped beyond the laboratori ,evel.
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5. DRYING OF COFFEE PULP
 

After pressing, coffee pulp still has a high water content
 
and with this level of moisture is not attractive as a fuel. It is
 
necessary to dry this pulp by natural or mechanical means in order
 
to obtain a material that burns easily.
 

The experimental dign has contemplated sun drying of
 
pulp in a concrete floor constructed for .his purpose, with the fol
lowing dinensicns: Lenght 13.5 m aid width 8.5 m. Also a 
mechanical
 
method of drying was included. It consisted of a vertical silo packed
 
with the wet coffee pulp in which combustion gases coming from the
 
generating unit will pass through the material.
 

5.1 Experimental Work:
 

5.1.1 Sun Drying:
 

Experiments of sun drying of the coffee pulp (with and
 
without pressing) were carried out during the first semester. The
 
pulp was spreaded in a concrete floor in a 5 cm thick layer. See
 
photograph in Figure 20. During the drying tests, and only during
 
the day, the coffee pulp was turned over by hand every two hours in
 
order to prevent the overdrying of the top layer.
 

The atmospheric conditions were recorded using a hygroter
mograph to monitor the ambient temperature and the relative humidity.
 

Linear velocity of the air was measured with an anemometer and the
 
solar radiation was recorded with a mechanical pyranograuh.
 

During the day, samples were taken every two hours for
 
moisture analysis, after turning over the coffee pulp. The samples
 
were randomly taken from all over the drying concrete area. 
 The
 
moisture content of these samples by drying the coffee pulp in
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laboratory oven at 105*C, until 
constant weight was obtained. The
 
time to dry thef coffee pulp under the sun was also recorded.
 

The procedure described above was utilized for drying test
 
of fresh and pressed coffee pulp.
 

5.1.2 Drying Silo:
 

A vertical drying silo was constructed in orde' to test
 
the behaviour of a static bed of pressed pulp when a flow of combus
tion gases was passed through it.
 

For this purpose a vertical silo made of galvanized metal
 
was equipped with an induced draft created by a extractor driven by
 
a 0.19 kw electric motor, with a extraction capacity of 0.13 kg air/s.
 
The combustion gases were generated in a combustion chamber, burning
 
dry pressed coffee pulp. Figure 21 shows the vertical drying silo
 

connected with the combustion chamber. The photograph in Figure 22
 
shows both units. Drying tests were carried out and moisture samples
 
were drawn off from the silo at intervals of 1-3 hours, the moisture
 
content of the coffee pulp samples was determined through the drying
 
of the sample in a laboratory oven at 105 0C until constant weight was
 
reached. 
 The dry pressed coffee pi Ip used as fuel was weighted in a
 
scale (0-500 kg, Fairbanks Morse). The drying silo had a perforated
 
bottom that held the wet coffee pulp layer. A stream of combustiol,
 
gases was passed through the layer at a temperature between 600-650 0C
 
The inlet and outlet temperatures in the silo were recorded with a
 
multipoint temperature recorder (Texas Instrument Tigraph 100 Graphic
 

Display Unit).
 

5.2 Results and Discussion:
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5.2.1 Sun Drying:
 

The results obtained inthe drying tests of fresh and
 
pressed coffee pulp are shown inthe Tables 4 to 12. The pressed
 
pulp required an average drying time of 672 hours to reach a moisture
 
content between 10-12%. The freshpulp required 75 hours to get to
 

the same moisture level. One square meter of drying area can handle
 
an average of 14.67 kg of pressed wet pulp ond 16.8 Kg of wet fresh
 
pulp and yield an average of 3.07 kg and 2.7G kg of dry pulp respec
tively. The increase inyield per unit area and the reduction in
 
drying time give a 22% increase indrying capacity of pressed coffee
 
pulp over non-pressed coffee pulp. However, this figure is prelimi
nary as drying conditions changed during the experiments. We believe
 
a represcntative increase indrying capacity would be around 40%.
 

5.2.2 Vertical Drying Silo:
 

Preliminary results were obtained when wet pressed coffee
 
pulp was dried ina static layer utilizing direct combustion gases
 
(Table 13). A initial charge of 720 kg of wet pressed pulp required
 
12.15 h to reduce the moisture content from 86.55% to 79.09%, consum
ming 203.4 kg of dry pressed pulp as fuel. Approximately 257 kg of
 
water were eliminated during the test, requiring 10.4 MJ of energy
 
per kg of water evaporated. This energy demand is relatively high
 
ifitis compared with the energy necessary to eliminate the same
 
amount of water during the coffee drying in static bed dryers using
 
heat exchangers to heat the drying air: Between 6.5-16.9 MJ/kg water.
 
Additionally, the high temperature of the drying gases (between 600
650'C), combined with the difficulty of turning over the coffee pulp
 
inthe silo, promoted the burning of the pulp layer that isin con
tact with the bottom screen. Continuation of tests for drying pressed
 
coffee pulp using combustion gases, without heat exchanger and witn
 
modified silos is suggested. Improvement of mechanical movement within
 
the silo is also required. Continuous dryers should be included in
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the experiments, either for total drying of the pulp or as pre
dryers, associated with the sun drying.
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6. BURNING OF COFFEE PULP.
 

At the present, new sources of energy for drying of coffee
 
and the efficient used of them have a very high priority for research
 
in the coffee processing industry. In the past, many beneficios
 
used fossil fuels as 
source of energy to dry their coffee, but since
 
the large increase in prices of these fuels, most of them had to
 
switch to another non-conventional fuels like coffee hulls and fire
wood and very recently to a mixture of coffee hulls and pulp.
 

The coffee processed by the "wet method", adds the poilu
tion problem created by the by-products like coffee pulp,mucilage
 
and washing waters. In most cases these materials are discharged
 
into the rivers or other water bodies thus limiting the sources of
 
potable water, and destroying life. Other coffee industries store
 
the coffee pulp in piles near the processing sites, generating grounds
 
for insect growing and as consecuence a health hazzard to the sur

rounding population.
 

The alternative value of the pulp as a renewable fuel 
source
 
must then be considered. This aspect is explored in this section.
 

6.1 Experimental Work:
 

Dry coffee pulp without a preliminary treatment such as
 
pressing is very difficult to burn due to the high content of ashes
 
and the poor contact area of the mater'ial. During the pulp pressing,
 
significant quantities of juice are eliminated, lowering the soluble
 
inorganic matter of the pulp and breaking the original 
structures of
 
it. In spite of the previous treatment of the pulp, the behaviour of
 
this material in the fraditional combustion chambers is not adequated
 
to obtain continuous operation and good combustion results. ICAITI
 
designed a combustion chamber to test the different parameters involved
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in the combustion. This pilot plant combustion chamber is showed
 
in the Figures 23 y 24. The equipment was designed with different
 
fuel inlets to find an adecuated feeding point of the pulp. Four
 
fuel inlets were tested (see Figure 25) two of them were located
 
0.8 m above the grit, at the center and tangential to the cylindri
cal chamber, other at the center, at the same level 
of the gr*t and
 
the last one 0.3 m above the grit and tangential to the camber. The
 
dry pressed pulp was fed through inlets by a pneumatic conveyor at a
 
rate ranging between 23.04-25.2 kg of pulp per hour.
 

Secondary air inlets were also tested. 
 Fhe first or;e was
 
a forced air stream (created by a 0.19 kw fan) entering tangentially
 
to the chamber wall and 3t the same 
level of the grit, opposite to
 
the tangential fuel inlet (located 0.3 m above the grit). 
 See Figu
re 26. The second alternative tested was an induced draft created
 
by the extractor coupled to the drying silo thus entering the air
 
through the grit and the ash pit gate.
 

The dry coffee pulp burned in the combustion chamber, was
 
weighted in a scale, (0-500 kg, Fairbanks Morse). The pulp moisture
 
was also determined in each test by taking a representative sample
 
and placed in a laboratory oven at a temperature of 105 5C until
 
constant weight. 
The combustion gases and ambient air temperatures
 
were recorded by a multipoint temperature recorder (Texas Instruments
 
Tigraph 100 Graphic display unit).
 

The cxtractors volumetric flow was measured at ambient tem
perature and corrected to the operation conditions. The air velocity 
was measured with hot wire anemometer (model W-141-A Measure Corp.). 
This data, in conjuntion with the duct geometric characteristics, were
 
used to calculate the volumetric flow.
 

The pressed pulp calorific value was calculated according
 

with the equation:
 

Calorific value 
 = 15 882 - 2 589 ( ) (L)100100 )100 kg
 



18
 

where:
 

15 882 
 dry basis calorific value of pressed pulp determined
 

by calorimetric bomb (kJ/kg)
 

2 589 = Sensible and latent calorific value of water (W_)
 

H pulp moisture (%) 

It is necessary to clarify the fact that the calorific
 
value of pressed pulp was obtained from a sample of pressed pulp
 
obtained with the Vincent press. 
 Although there would be different
 
among samples obtained with other equipment it is felt that their
 
would be small less than 10%.
 

6.2 Results and Discussions:
 

The results obtained in the burning test of dry pressed
 
coffee pulp are shown in Table 14. 
 It can be observed that the coffee
 
pulp pressed with the Vincent press burns more easily than the pulp
 
pressed with the FASO press. 
 This is due to fact that the Vincent
 
press extracts more juice from the pulp and it also destroys more of
 
the original configuration of the coffee pulp. 
 It is showed in the
 
Figure 27, that there are differences among the bagasses when pressed
 
with the various presses.
 

Higher temperatures were obtained in the combustion chamber
 
with the pulp pressed in the Vincent unit, and it is more easily fed
 
by the pneumatic conveyor. 
To the extent that the pressing action is
 
better, the pulp burns more efficiently and the ashes generated during
 
the combustion, drains in better way through the grit. 
 Ash coming
 
from coffee pulp without pressing or submitted to a mild pressing
 
action, keeps the o,'iginal configuration of the pulp aiid it has to be
 
drained by hand from the combustion chamber; the pulp also burns with
 
diffizulty.
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As can be seer in Table 14 very good burning efficiencies
 
(between 91-96%) were obtained during the combustion tests. The
 
high efficiency data obtained while burning pulp, pressed with the
 
FASO press, could be due to a lower heat losses in the combustion
 
chamber, as a consecuence of a lower combustion temperature. In
 
addition, on a lesser scale, such differences in burning efficiency
 
could be caused by a small difference in the calorific value of both
 
fuels obtained with the two presses.
 

During the burning tests, the FASO pressed coffee pulp was
 
accumulated in the combustion chamber and had to be turned over to
 
obtain adequate burning. Ashes were removed by hand, as they had
 
difficulty passing though the grit.
 

As for the secondary air inlets, the induced draft was the
 
most promissing way to feed air to the combustion chamber. 
This air
 
flow could be also forced under the grit to improve the combustion
 
and to help the mixing of the fuel in the chamber. The other option,
 
when the air was introduced in a tangential way at the same level of
 
the grit, did not improve the combustion of the pulr. On the contrary,
 
in some cases, it extinguished the flame and the combustion process
 

had to be started again.
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7. MODELLING AND OPTIMIZATION OF COFFEE PROCESSING OPERATION:
 

Figure 28 represents an outline of the coffee process in
 
a beneficio, showing some of the possible alternatives both in pro
cessing and in by-products utilization. Selection of alternatives
 
is not easy because of the complexity of the operation. Processing
 
capacities range from hundreds of kg/day to thousands of tons/day.
 
The lenght of the annual coffee harvesting season varies according to
 
the climatic conditions of the region, ranging from 3 to 6 months.
 
The raw material (coffee fruit) reaches the beneficios in small qucn
tities at tile beginning of the season, increasing continuously towards
 
a maximum peak and then decreasing in the same way at the end of the
 

season.
 

A mathematical model of a coffee beneficio, with enough
 
flexibility to simulate most of the possible alternatives, will permit
 
selection of processing methods and by-prucuct utilization options
 
which optimize operational cost foi different plant sizes and geogra
phical locations.
 

7.1 Experimental Work:
 

An IBM PC microcomputer with 320 k of CPU memory, two
 
flexible disc drives, 
one CRT and one EPSON printer, was purchased.
 
The order was placed in April 1983 and the equipment was received in
 
September of the same year.
 

A mathematical model for each step of the process should
 
be established. These individual models will then be assembled as
 
subroutines of the main program for modeling the whole operations.
 

The first individual operation to be modeled will be coffee
 
drying. This is because it is the most expensive step in the process
 
and also because experimental data is already available, consisting in
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coffee bean moisture vrs time; moisture content and temperature vrs
 
time for the air leaving the dryer; obtained from a commercial size
 
batch bed dryer built and tested by ICAITI in a coffee beneficio.
 
Besides, data on drying efficiencies for different fuels and air
heating systems and on cost of operation is also available.
 

Experimental data will 
be used to calculate overall mass
 
transfer coefficients in the dryer. 
Since these coefficients are
 
not very sensitive to air flowrates in static bed dryers, and the
 
temperature of the drying air has little variation during the coffee
 
drying cycle, it can be assumned that the mass 
transfer coefficients
 
will remain constant and thus used to predict drying times. 
 Drying
 
cost can be calculated as a function of drying time as 
the objective
 
function to be optimized. An algorithm for restricted non-linear
 
optimization should be used to calculate optimum air flowrates and
 
temperatures. As experimental data become available, other process
 
operations will be modeled and incorporated to the coffee beneficio
 
model.
 

7.2 Results and Discussions:
 

At the time of writing this report, the coffee drying
 
model was being programmed.
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10. TABLES AND FIGURES
 



TABLE . 

PRESSING OF FRESH COFFEE PULP 

Power Capacitya Bagasse Initial waterPress Final waterkW yieldb content in pulp, % content in bagasse,% 

Vincent (G In) 1.5 1 023.0 609.2 87.0 82.0 

Bagna!l 6.0? 655.0 509.2 86.3 83.0 

FASO 5.6 550.4 569.2 86.0 80.7 

ICAITI 
 2.25 1 022.2 707.7 
 87.3 
 83.7 


a kg of fresh pulp fed per hour
 
b kg per ton of pulp fed on wet basis
 

kg of dried bagesse produced per hour
d data calculated from the moisture found in the samples after and before pressing 


Productivity(c 

12.2 

65.7 

60.4 

112.1 d
 

c 
c 



TABLE 2,' 

ACIDOGENIC AND METHANOGENIC BIOREACTORS USING COFFEE PULP JUICE 

Material Total solids Volatile solids Volatile fatty 'acids"(%) ________ pH C.O.D.__d 
 (6) -imsl!-
Fresh coffee pulp 4.30 2.87 4.0 - 4.5 very small amounts 51 690Effluent from acidogenic phase 1.802.43 3.0  3.5 0.398Effluent 33 650from mcthanogenic

phase (packed chamber) 2.33 1.22 6.8 - 7.2 very small amounts 7 320 
Effluent from methanogenicphase (empty chamber) 

0.781.49 6.8 - 7.2 0.128 13 170 



TABLE 3 

METHANOGENIC REACTORS USING COFFEE PULP JUICE 

REACTOR 

Tank 
Tank with tubes 

Column (up-flow) 

UASB 

Sponge 

Temp. 
(0 

20-25 
20-25 

35 
35 
35 

35 
35 
35 
35 

35 
35 
35 
35 

Hydraulic
Retention 

time (days) 

10 
10 

10 
8 
6 

5 
4 
3 
2 

5 
4 
3 
2 

Volatile Solids 
load (9/I day) 

1.50 
1.50 

1.51 
1.84 
2.42 

8.8 
11.0 
14.7 
22.0 

8.8 
11.0 
14.7 
22.0 

Gas Productivity
v/v day 

0.32 
0.25 

1.00 
1.30 
1.00 

^.18 
2.98 
1.87 
4.58 

1.87 
2.51 
2.73 
3.18 

%-CH 
4 

69 
73 
51 

92 
95 
67 
77 

90 
93 
87 
90 

CD 
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TABLE 4 

SUN DRYING OF PRESSED PULP 

Type of press: Twin screw (FASO) 
Experiment No.: 1 

Date Time Drying time Moisture content 

(h) (kg waterkcg solid) 
1983-01-19 8:00 0 4.30 

10:00 2 3.87 
12:00 4 3.57 
14:00 6 3.03 
16:00 8 3.13
 

1983-01--20 8:00 24 
 2.98 
10:00 26 2.45 
12:00 28 1.81 
14:00 30 1.31 
16:00 32 
 1.39
 

1983-01-21 
 8:00 48 
 1.33
 
10;00 50 
 0.95
 
12:00 52 0.54 
14:00 54 
 0.31
 

16:00 56 
 0.23
 
1983-01-22 
 8:00 72 
 0.38
 

10:00 74 
 0.19
 
12:00 76 
 0.15
 

Average atmospheric conditions during the test:
" wind velocity (m/s) : 0.99 
" ambient tempel-ature (oC): 26.1E
" relative humidity ( : 55.0 

solar radiation (J/m-/seg) : 620.0 

Sun drying of pulp in patios: 
. wet pulp pet- unit area (kg 1.7e, pressed pulp,'m2 ): 13.01
 . dry pulp yield per unit area (kg dry pressed pulp/n 2): 2.55
 
, initial weight (kg w"et pressed pulp): 1 458
 

final wteignt (kg dry pressed puip): 286

drying area (m
2): 122.2
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TABLE 5-

SUN DRYING OF PRESSED PULP 

Type of press: Twin screw (FASOI
 
Experiment No.: 2
 

Date Time Drying time Moisture content. 
(h) (kg water/kcq solid) 

1983-01-26 8:00 0 3.92 
10:00 2 3.77
 
12:00 
 4 
 3.21 
14:00 
 6 
 2.81
 
16:00 
 8 
 2.72
 

1983-01-27 
 8:00 
 24 
 2.32
 
10:00 
 26 
 2.04
 
12:00 
 28 
 2.03
 
14:00 
 30 
 1.97
 
16:00 
 32 
 1.81
 

1983-01-28 
 8:00 
 48 
 1.49
 
10:00 
 .50 
 1.40
 
12:00 
 51 
 0.84
 
14:00 
 54 
 0.52
 
16:00 
 56 
 0.35
 

1983-01-29 
 8:00 
 72 
 0.41
 
10:00 
 711 
 0.22
 
12:00 
 76 
 0.08
 

Average atmospheric conditions during the test:" wind velocity (m/s): 0.85 
" ambient temperature (oC) : 22.0
 
" relative humidity (2 
 : 70.0 
" solar radiation (Jim-/seg) : 375.3 

Sun drying of pulp in patios:
" wet pulp per unit area (.g w'et pressed pulp/m 2 ): 12,90" dry pulp ycjld pei- utit area (k, dry pressed pull)i12): 2.63 

initial weioht (ka wet DrPssed rmln): 723
* 
final weight (kg dry pressed pulp): 
 148
drying area (m2 ): 56.1 
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TABLE 6 

SUN DRYING 


Type of press: 


Experiment No.: 


Date 
-

1983-01-02 

1983-02-03 


1983-02-04 


Twin screw 

3
 

Time 

10:00 

12:00 

14:00 


16:00 


8:00 


10:00 


12:00 


14:00 


16:00 


8:00' 


10:00 


12:00 


14:00 


16:00 


OF PRESSED 

(FASO) 

Drying time 
(h) 

0 

PULP
 

Moisture content. 
(kq w3ter/kq solid) 

4.39
 

2 3.26 
4 2.97 
5 2.67 

22 2.19 

24 2.08 

26 1.38 

28 1.05 

30 0.77 

46 0.75 

48 0.49 

50 0.34 

52 0.19 

54 0.13 

Average atmospheric conditions during the test:1.82" wind velocity (m/s : 
• ambient temperature (0 C): 25.5
 
" relative humidity Vm) 
 58.1
 
" solar radiation (J/m 2 lseg) : 571.1 

Sun drying of pulp in patios:
" wet pulp per unit area (kg wet pressed pulp/rn 2): 14.89
" dry pulp Yiell pet unit ;area (k dry pressed pulphn2): 3.32
 

initial weiaht (ka wet oressed nul)n.: 822
 
.
 final weight (kg dry pressed pu1p): 183
 
. drying area (W2): 
 55.3
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TABLE 7
 

SUN DRYING OF PRESSED PULP 

Type of press: Single screw (VINCENT)
 
Experiment No.: 
 4
 

Date Time Drying time Moisture content' 

(h) (kg water/kq solid) 
1983-02-08 10:00 0 
 4.57 

12:00 
 2 
 4.40
 
14:00 
 4 
 3.11
 
16:00 6 
 2.88

s983-02-09 8:00 
 22 
 2.88
 
10:00 24 
 2.70
 
12:00 26 
 2.01
 
14:00 
 28 
 1.58
 
16:00 
 30 
 1.64
 

1983-02-10 
 8:00 
 46 
 1.82
 
10:00 
 48 
 1.67
 
12:00 
 50 
 0.95
 
14:00 
 52 
 0.56
 
16:00 
 54 
 0.37
 

1983-02-11 
 8:00 
 70 
 0.44
 
10:00 
 72 
 0.28
 
12:00 
 74 
 0.14
 
14:00 
 76 
 0.10
 

Average atmospheric conditions during the test:" wind velocity (m/s) : 1.17
" ambent tonperature P0C):
* relative humidity 

25.0 
69.0

* solar radiation (Jim /seg): 398.2 

Sun drying of pulp in patios:* wet pulp per. unit area (kg wet pressed pulp/m2): 1 .05dry pLIp yield per unit area (rlg dry preu.-ed pull),'1 2 ) 2.3 
initial weight (kg wet pressed pulp): 
 474
final weight (kg dry pressed pulp): 80
drying area (m2): 33.8
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TA5LE 8 

SUN DRYING OF PRESSED PULP 

Type of press: Single screw (VINCENT) 
Experiment No.: 5 

Date Time Drying time Moisture content- (h) (kg water/ k soid) 

1983-02-15 15:00 0 4.56 
1983-02-16 8:00 17 4.25 

10:00 19 3.82 
12:00 21 3.04 
14:00 23 3.68 
16:00 25 2.28 

1983-02-17 8:00 41 2.09 
10:00 43 1.59 
12:00 45 1.18 
14:00 47 0.98 

1983-02-18 
16:00 

8:00 
49 

65 
1.18 

O.51 
10.:00 67 0.52 
12:00 69 0.37 
14:00 71 0.15 

Average atmospheric conditions during the test:

" wind velocity (mls):

" ambient temperature ('C): 

1.52
 
23.0 

" relative humidity (c,,: 65.4
" solar radiation (J;.n /seg) : 522.2 

Sun drying of.pulp in patios:" wet pulp per unit area (kg wet pressed pulp/m 2 ): 13.07" dry pulp yield per unit area (kg dry pressed pulp/rn2 ):
initial weiqht (kQ wet pressed DUIp): 

2.55 
732 

final weight (kg dry pressed pulp): 143
drying area (in'): 56.1
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SUN DRYING .OF FRESH PULP 

Experiment No.: 6 

Date Time Drying time Moisture content. 
(h) (kg water/kg solid) 

1983-02-23 10:00 0 6.33 
12:00 2 5.72 
14:00 
 4 
 5.29 
16:00 
 6 
 4.70
 

1983-02-24 
 8:00 
 22 
 3.45
 
JC:00 
 24 
 3.09
 
12:00 
 26 
 2.80
 
14:00 
 28 
 2.11
 
16:00 
 30 
 2.02
 

1983-02-25 
 8:00 
 16 
 1.21
 
10:00 
 48 
 0.82
 
12:00 
 so 
 0.91
 
14:00 
 52 
 0.61
 
16:00 
 54 
 0.57


19.83-02-26 
 8:00 
 70 
 0.112
 
10:00 
 72 
 0.34
 
12:00 
 74 
 0.18
 
14:00 
 76 
 0.14
 

Average atmospheric conditions during the test:
* wind velocity (mis) : 1.52

ambient temperature (oC): 25.0
relative humidity (,: 61.5

* solar radiation (J/rn-/seg) : 470.0 

Sun drying of pulp in patios:
wet pulp per unit area (kg wet pressed pulpnlm 2 ): 21.85* dry pull:) yield.per unit area (kg dry pressed puilp/n 2 ): 3.35initial weioht (kg viet pressed 0iulp'): 864* final weight (kq dry pressed pulp):
* drying area 133


(m2): 39.6
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TABLE 10 

SUN DRYING OF FRESH PULP 

Experiment No.: 7
 

Date 
 Time Drying time 
(h) 

1983-03-01 
 8:00 
 0 

10:00 
 2 
12:00 
 4 

14:00 6 

16:00 
 8 


1983-03-02 
 8:00 
 24 
10:00 
 26 

12:00 
 28 

14:00 30 

16:00 
 32 


1983-03-03 
 8:00 
 48 

10:00 
 so 

12:00 
 52 

14:00 
 54 


'16:00 
 *56 


1983-03-04 
 8:00 
 72 

10:00 
 74 

12:00 
 76 

14:00 78 

16:00 
 80 


1983-03-05 
 8:00 
 9C 

10:00 98 

37
 

Moisture content 
_(kV water/k soid, 

7.89
 
6.44
 
6.21
 
5.58
 
5.58
 

5.43
 
4.97
 
3.88
 
3.53
 
3.25
 

3.03
 
2.01
 
2.02
 
1.87
 
1.63
 

1.30
 
1.19
 
0.82
 
0.79
 
0.48 

0.26
 
0.10
 

Averag2 atmosphe-ic conditions during the test:
" wind velocity (m/s): 1.43
• ambient temperature (oC): 28.00 
" relative humidity (c,, G6.00 
" solar radiation (Jim iseg): 

Sun drying of pulp in patios:
" wet Pulp per unit area (kg wet pressed pulpln 2):" dry pulp yield per unit area Ulg dry pressed puIpIrn2 ): 2.55 

16.44
 

initial wkinht 1. 9 press. pulp): 1 2-9* 
final weight (kg dry pressed nulL): 193
• drying area (mW): 
 75.5
 



TABLE-I1 38 

SUN DRYING OF FRESH PULP 

Experiment No.: 8 

Date Time 
.-. __-_ 

Drying time 
(h) 

Moisture content 
(kg water/kn solid) 

1983-03-09 

1983-03-10 

1983-03-i 

10:00 

12:00 

14:00 

16:00 

8:00 

10:00 

12:00 

14:00 

16:00 

8:00 

10:00 

12:00 

114:00 

0 

2 

4 

6 

22 

24 

26 

28 

30 

4G 

48 

50 

52 

6.16 

6.39 

4.47 

3.91 

3.15 

3.03 

1.48 

0.63 

-

0.33 

0.14 

0.13 

0.10 

Average atmospheric conditions during the test;
" wind velocity (mis) : 3.06 
" ambient temperature (1C) : 25.00 
" 	 relative humidity ( 55.00 
" solar radiation (Jim /seg) : 460.20 

Sun drying of pulp in patios:
" wet pulp per unit arca (kg wet pressed pulp/n,2): 12.11• 	 dry pulp yield per unit area (kg dry pressed pulp/rn2): 2.37 

initial weiaht (kn wet pressed pulp): 720 
final weighi (kg dry pressed Duip): 141
drying area (m2): 
 59.5
 



TABLE'-12. 39 

SUN DRYING OF PRESSED-PULP 

Type of press: Single screw (BAGNALL) 

Experiment No. : 9 

Date Time Drying time Moisture content. 

(h) (kg water/k, solid) 
1983-03-27 12:00 0 3.64 

14;00 2" 3.84 
16:00 4 3.47 

1983-03-28 8:00 20 2.31 
10:00 22 2.57 
12:00 24 2.11 
14:00 26 2.66 
16:00 28 2.19 

1983-03-29 8:00 44 1.39 
10:00 46 1.02 
12:00 48 0.91 
14:00 50 0.26 
16:00 52 0.17 

Average atmospheric conditions during the test:" wind velocity (nm/s) : 2.74
" ambient temperature (oC) : 22.5
 
" relative humidity (% 
 : 65.7 
• solar radiation (Jim /seg): 492.8 

Sun drying of pulp in patios: 
. wet pulp per unit ai ea (kg wet pressed pulp/in2 ): 20.12* dry pulp yield per unit area (kg dry pressed pulp/m 2 ): 4.98


initial weight (kg wtz presse 
 pulp): 2 263 
* 
final weight (kg dry pressed pulp): 572

* drying area (m2 ): 
 112.6
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TABLE 13
 

PRESSED COFFEE PULP DRYING
 

IN A VERTICAL SILO
 

DRYING TIME MOISTURE CONTENT
(h) 
 - M 

0.0 
 86.55
 

3.5 
 85.97
 

4.5 
 85.70
 

5.5 
 78.57
 

7.0 
 83.15
 

8.0 
 81.66
 

9.0 
 82.47
 

11.0 
 83.24
 

13.0 
 79.09
 

Pressed coffee pulp burned: 203.4 kg
 
Moisture content: 
 13.93%
 

Wet coffee pulp charged to
 
the drying silo: 720 kg
 



TABLE 14
 

COMBUSTION CHAMBER BURNING EFFICIENCY
 

Combustion 
 Combustion
Fuel Caloric Fuel 
 Gases Ambient
Humidity Value Gases Burning
Comsuption Temperature Temperature Masic Flow
TYPE OF FUEL Efficiency
(%) MJ/kg (kg/S) (°C) 
 (°0 {kg/S)
 

Dry pressed coffee pulp
(Vincent Press) 
 13.93 13.309 0.0070 
 23.0 
 640 0.120 91.43
 

Dry pressed coffee pulp
(FASO Press) 
 15.12 13.089 0.0064 
 23.0 605 
 0.120 95.72
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FIGURE 1 Wet coffee pulp pile.
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FIGURE 4 Vincent Screw Press.
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F
 

FIGURE 5 FASO twin-screw press.
 



47 

FIGURE 6 Bagnall screw press (right side).
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FIGURE 7 iCAITI screw press. 
 First prototype.
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FIGURE 8 Perforated shell of ICAITI screw press.
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FIGURE 9 ICAITI 
screw press. Modified version.
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FIGURE 10 Gear system. ICAITI screw press.
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FIGURE 11 Spring pressure discharge system.
 
ICAITI screw press.
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FIGURE 12 Pressing of fresh coffee pulp with
 
ICAITI screw press.
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FIGURE 15 
 Acidogenic tank for biogas production.
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FIGURE 16 Up-flow anaerobic sludge blanket
 
laboratory reactor.
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FIGURE 17 
 Sponge reactor for biogas production.
 
Laboratory unit.
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FIGURE 18 Polyurethane sponges as packing material.
 
Sponge reactor pilot plant unit.
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FIGURE 19 Sponge reactor pilot plant mobile unit
 
for biogas production.
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Jv.
 

FIGURE 20 
 Pressed coffee pulp controled solar
 
drying assay.
 



FIGURE No. 21
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FIGURE 22 
 Vertical drying silo and combustion
 
chamber.
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FIGURE 24 Combustion chamber for dry coffee pulp. 
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FIGURE 25 Dry coffee pulp feeding points.
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FIGURE 26 Secondary air inlets.
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FIGURF 27 Two different types of dry pressed coffee
 
pulp.
 



FIGURE 28
 

OUTLINE OF COFFEE PROCESSING OPERATION 
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APPENDIX
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BURNING EFFICIENCY CALCULATIONS:
 

The burning efficiency of the combustion chamber was cala
 
culated according to the equations:
 

Burning efficiency - Heat content of combustion qases
Calorific value of the fu&e--
 x 100
 

Heat content of combustion gases = W x Cp x (T T1)
2 -


Were: 

W mass flow of combustion gases, calculated from the vo

lumetric flow (V-) 

C = specific heat at constant pressure of combustion gases 

T = ambient temperature (°C) 

T = combustion gases temperature (C) 

See section 6.1 for calculations of calorific value of the
 
dry pulp.
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